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ABSTRACT

On the basis of the available literature in the PubMed database,
we describe the pathogenesis, diagnosis and therapeutic trials in
Stargardt disease (STGD). STGD is the most commonly inherited
cause of visual loss in childhood and adulthood. STGD is mostly
inherited in an autosomal recessive pattern and is most commonly
caused by mutations in the ABCA4 gene leading to accumulation
of the lipofuscin-like substance A2E, toxic to retinal pigment epi-
thelium (RPE) and photoreceptors. Genetic analysis is necessary
for a reliable diagnosis. STGD can be classified into 3 types with
different prognoses based on the flash electroretinogram (ERG)
and fundus autofluorescence (FAF). Spectral domain optical coher-
ence tomography (SD-OCT), multifocal ERG (mfERG) and pattern

INTRODUCTION

Stargardt disease (STGD) is the most common autosomal
recessive childhood and adulthood macular degeneration,
caused by mutations in the ABCA4 gene located on chromo-
some 1 [1]. The ABCA4 gene encodes an ATP-binding cas-
sette membrane protein present in the outer segments of cone
and rod photoreceptors which participate in the transport
of all-trans-retinal aldehyde.

The consequence of mutation of the ABCA4 gene is the
accumulation of a lipofuscin component known as A2E
(N-retinylidene-N-retinyl-ethanolamine), toxic for retinal
pigment epithelium and photoreceptors [2]. Rarely, STGD
can be inherited in an autosomal dominant manner (muta-
tions in ELOVL4 gene on chromosome 6 and PROM1 gene
on chromosome 4) [3, 4].

Stargardt disease has a prevalence of 1 in 10,000 [5].

CLINICAL FEATURES

The first symptoms of STGD, such as blurred vision, cen-
tral scotomas and/or dyschromatopsia, usually are present in
childhood or early adolescence, but in some patients, they may
be present in later adulthood. At the time of the first ophthal-

CORRESPONDING AUTHOR

ERG (PERG) are useful in the early detection of changes. Adaptive
optics scanning laser ophthalmoscopy (AOSLO) may be used to
evaluate progression and for selection of patients for clinical trials.
At present, there are clinical trials: gene replacement therapy (Star-
Gen), subretinal injection of RPE cells, oral substitutes reducing the
accumulation of A2E (Alkeus, Acucella), and intravitreal injection
of a drug that inhibits the complement system (Zimura). Significant
progress is observed in identifying this condition at an early stage,
determining clinical features, prognosis, molecular diagnostics and
in understanding the pathogenesis of this disease. We are awaiting
long-term results of the clinical trials.

KEY WORDS: diagnosis, gene mutations, epidemiology, Stargardt
disease, clinical findings, seeking therapies.

mological examination, the visual acuity (VA) range is 0.05-1.0
(Snellen charts). It is worth noting that patients with the onset
at a young age have a worse visual prognosis [6]. In the major-
ity of patients (66%), in fundus examination, the macula is
described as having “beaten bronze metal” appearance with
yellowish, “fish-tail” or pisciform lesions [7] (Figure 1).

The maculopathy is progressive and finally the retinal
atrophy is detected in the macular area, frequently described
as the “bull’s eye” pattern (Figure 2).

In the literature, there are available different classifications
of Stargardt disease [8-11], which are shown in Table L.

About 2/3 of patients at stage 1 (Fishman classification)
remain at this stage for a period of 5 years [12]. About 70% of
patients at stage 2 and 86% of patients at stage 3 were stable
over the follow-up periods of 7.2 and 5.3 years, respectively.
At stage 1, the patients have a VA better than 0.1 but the pa-
tients at stages 2, 3 and 4 have VA worse than 0.1.

In patients diagnosed before the age of 20 years, an aver-
age VA decline from 0.5 to 0.1 was observed over the follow-
up period of 7 years [7]. In comparison with the young age of
diagnosis (before 20 years), the VA decline is less progressive
in patients diagnosed between 21-40 and 41-60 years, over
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Figure 1. Fundus photo of patient with Stargardt disease. In the fovea, degen-
erative changes (“beaten bronze”), encircled by flecks are seen

22 and 29 years, respectively. The patients with fovea sparing
presented VA of 0.5 or better [7].

Early Stargardt disease (childhood-onset) is connected
with severe visual loss, early morphologic changes and often
generalized retinal dysfunction. One third of children do not
have flecks in fundus examination [9].

DIAGNOSTIC TESTS

In the diagnosis of Stargardt disease, the following
examinations should be performed: anamnesis, routine
ophthalmological examination, fundus autofluorescence,
spectral-domain optical coherence tomography (SD-OCT),
electroretinography, genetic evaluation. Other tests can be
useful in diagnosis of Stargardt disease, such as fluorescein
angiography, and adaptive optics scanning laser ophthalmos-
copy.

The fundus autofluorescence (FAF) imaging method is
associated with the autofluorescent properties of lipofuscin.
This feature helps in assessment in vivo of lipofuscin distri-
bution in retinal pigment epithelium (RPE) [13]. As STGD
is characterized by abnormal level of lipofuscin, FAF may
identify early atrophy or flecks or dots before they are clini-
cally evident [14]. An abnormally reduced FAF signal results
from the absence or reduction in lipofuscin density and/or
RPE/photoreceptor cell loss, but an abnormally increased FAF
signal results from the lipofuscin accumulation which is ob-
served in Stargardt disease. Therefore, FAF helps in diagnosis
and estimation of progression of this disease [11] (Table I).

Fundus autofluorescence in different stages of STGD is
shown in Figures 3-5.

Spectral-domain OCT provides cross-sectional images of
the macula and allows early detection of foveal outer retinal
atrophy and loss of the inner ellipsoid band seen in childhood
and adulthood onset STGD [15] (Figure 6).

Longitudinally over time, it is possible to analyze the pro-
gression of the disease using such parameters as total and

Figure 2.“Bull’s eye” pattern of retinal degenerative changes in the macula
in a patient with Stargardt disease

outer retinal thickness, macular volume, and inner segment
ellipsoid loss. The earliest OCT feature in children is thicken-
ing of the external limiting membrane [15, 16].

ELECTRORETINOGRAPHY

Electroretinographic tests, such as multifocal electroreti-
nography (mfERG) [17, 18] (Figure 7), pattern ERG (PERG)
[19] (Figure 8) and flash full-field ERG (ERG) [10, 11], are
helpful in confirming the diagnosis and have prognostic value
in STGD. These tests estimate objectively actually general-
ized bioelectrical function of the retina including the macular
region.

In the early stages of STGD, by using the mfERG test it is
possible to register foveal dysfunction even in patients with
normal fundus appearance or only subtle morphological
changes and good VA.

In mfERG examination, the area of dysfunction is usually
larger in comparison to other tests’ results (static perimetry,
OCT, FAF). In the mfERG test, opposite to cone dystrophy,
in STGD a significant increase or progressive increase of
P1-wave implicit time was not observed.

Pattern ERG is abnormal in almost all patients with
STGD, even at the early stages of the disease (reduced am-
plitudes of P50 and N95 waves, mainly the P50 wave, and
implicit time increase of the P50 wave). There is a correlation
between the amplitude of PERG and the degree of the photo-
receptors’ damage seen in the SD-OCT examination.

Based on ERG, the functional loss was described in a classi-
fication of three electrophysiological types of STGD (Figure 9).

In all the ERG types of STGD, pattern ERG was absent,
suggesting severe macular dysfunction. In type I, ERG was
normal, in type II cone ERG was abnormal, but in type III
generalized loss of cone and rod function was registered. In
the longitudinal study [20] mentioned above, the ERG types
of STGD have prognostic implications. The patients with
STGD type I had the best prognosis, the patients with STGD
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Table 1. Stargardt disease — phenotypic classifications

Fishman [8] Fujinami et al. [9] Lois etal. [10] Fujinami et al. [11]
Clinical classification Early onset — ERG FAF
Fundus Grading System
Stage 1 Grade 1 Group 1 Type 1
Macular pigmentary changes or Fundus normal PERG — abnormal Low signal at the fovea surrounded by homogeneous
pisciform ring of flecks within 1 DD of ERG — normal background with or without perifoveal foci of high
the fovea; EOG, ERG — normal or low signal
Stage 2 Grade 2 Group 2 Type 2

Flecks extending beyond 1 DD of the
fovea and nasally to the optic disc;
EOG, ERG — normal

Macular and/or peripheral
flecks without central atrophy

PERG — abnormal
ERG — cone response
abnormal

Low signal at the macula surrounded by a heterogenous
background and widespread foci of high or low signal
extending anterior to the vascular arcades

Stage 3

Choriocapillaris atrophy of the macula,
diffusely resorbed flecks; EOG, ERG —
subnormal

Grade 3A
Central atrophy without flecks

Group 3
PERG — abnormal
ERG — cone, rod response
abnormal

Type 3
Multiple areas of low signal at posterior pole with
heterogenous background and/or foci of high or low
signal

Stage 4

Diffusely absorber flecks,
choriocapillaris/RPE atrophy of the
entire fundus; ERG — subnormal

Grade 3B
Central atrophy with macular
and/or peripheral flecks

Grade 3C
Paracentral atrophy with
macular and/or peripheral
flecks

Grade 4
Multiple extensive atrophy of
the RPE extending beyond the
vascular arcades

FAF — fundus autofluorescence, EOG — electrooculogram, ERG — electroretinogram, PERG — pattern electroretinogram, RPE — retinal pigment epithelium

type II had an intermediate variable prognosis, while the pa-

tients with type III had the worst prognosis.

During 10 years of follow-up, 22% of patients with type I
showed transition to type II and type III (11% in each group).
In the case of patients with type II, 47% of them progressed

to type III of STGD.

Figure 3. Stargardt disease; fundus autofluorescence (FAF) — stage 1

Clinically significant ERG deterioration was observed in

54% of all the subjects: only 22% from type I, 65% from type II

and 100% from type III. Obtained ERG assists the counsel-
ing of the patient in relation to visual prognosis and is also
relevant in the patient selection and monitoring of potential

therapeutic interventions.

Figure 4. Stargardt disease; fundus autofluorescence (FAF) — stage 2
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Figure 5. Stargardt disease; fundus autofluorescence (FAF) — early changes
in stage 3

Figure 6. Stargardt disease; spectral domain optical coherence tomography
(SD-0CT) in early stage — outer retinal foveal atrophy

ADAPTIVE OPTICS SCANNING LASER
OPHTHALMOSCOPY

Adaptive optics scanning laser ophthalmoscopy (AOSLO)
is one of the imaging modalities which allows visualization
of the retinal rods and cones [21]. There are two types of
AOSLO imaging: confocal and split detector. Confocal im-

Device Manitor Electrodes

aging requires an intact photoreceptor outer segment and
split-detector imaging requires the presence of intact inner
segments. The status of the outer and inner segments of the
photoreceptors in STGD may be important in selection of
patients for therapeutic interventions.

GENOTYPE-PHENOTYPE CORRELATIONS

There are more than 900 disease-causing mutations of
the ABCA4 gene [22]. That is why STGD is a highly pheno-
typically heterogenous disease. Notably, the variation in the
ABCA4 gene can be associated with cone, cone-rod or rod-
cone phenotype [23]. In the families with the same muta-
tions, phenotypes may be different, suggesting the influence
of other genetic or environmental factors in the pathophysiol-
ogy of the disease [24]. In general, the missense mutation of
the ABCA4 gene is connected with mild and late onset of the
disease while nonsense mutations are responsible for more
severe early onset disease. The mildest form of STGD (fove-
al-sparing) is associated with the hypomorphic alleles [25].
It was demonstrated [9] that the patients with > 2 ABCA4 vari-
ants may have early onset and more severe disease, which is very
important for counselling for the parents of the affected child.

Generally, STGD is not associated with other ocular or
systemic findings.

THERAPEUTIC TRIALS

There is no proven treatment of Stargardt disease, but
early diagnosis is important for low vision interventions,
educational and job modifications as well as family planning.

STGD is currently the subject of gene replacement, stem
cells and pharmacologic clinical trials.

The aim of gene replacement therapy is to slow or prevent
further retinal degeneration. Adeno-associated virus vectors
genetically engineered with ABCA4-DNA are injected sub-
retinally.

Currently, there are 2 clinical trials which use an equine
infectious anemia virus lentiviral vector. The first (Clinical-
Trials.gov identifier: NCT01367444) is a phase I/II clinical
trial and demonstrated safety but the efficacy was limited with
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Figure 7. The multifocal electroretinogram (mfERG) recording in a patient at early stage of Stargardt disease. Abnormal function of cone system (reduced response
density of P1 wave in the area covering 5 central degrees is detected; indicated by red arrow)
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Figure 8. Early stage of Stargardt disease — pattern electroretinogram (PERG) recording with reduced amplitude of P50 wave (A) in comparison with normal PERG

from normal subject (B)

patients with severe disease [26]. The second trial (Clinical-
Trials.gov identifier: NCT01736592) is assessing the long-
term safety and tolerability with patients from the first clinical
trial without further interventions for a period of 15 years.
For gene therapy of STGD, a promising alternative to the viral
vector can be nanoparticle technology, which was proven in
a mouse model [27].

Rod response Rod-cone response

Retinal pigment epithelium cells have a significant role in
the pathogenesis of STGD. Stem cell therapy is an option to
rejuvenate or replace damaged RPE cells in this disease. Stem
cells can be derived from human embryonic, induced plu-
ripotent or adult stem cells. RPE cells from human embryonic
stem cells (hESC) were injected in the subretinal area in mice
with retinal degeneration and the cells sustained the visual
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Figure 9. Three electrophysiological types of Stargardt disease. Type | — normal electroretinogram (ERG), type Il — abnormal cone ERG (reduced photopic amplitude
of b-wave), type Il — abnormal rod and cone ERG (reduced scotopic and photopic amplitude of b-wave), N — normal ERG from healthy subject
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function and photoreceptor integrity [28]. Currently, a phase
1/2 clinical trial is under evaluation of efficacy of subretinal
transplantation of the hESC-derived RPE cells in patients
with STGD (NCT01345006). In this trial, no signs of acute
rejection were observed and the 3-year follow-up suggested
safety [29]. Further studies of efficacy are ongoing.

Pharmacological, investigational therapies in clinical tri-
als include visual cycle modulators reducing accumulation of
vitamin A dimers and complement inhibitors.

The ABCA4 gene acts as a membrane transporter for
the recycling of chromophores according to the visual cycle.
The mutations of this gene are the cause of the abnormalities
of the membrane transport of chromophores leading to ac-
cumulation of vitamin A byproducts or dimers (bisretinoids)
in the RPE cells. It is known that vitamin A dimers are toxic
to RPE cells and play a significant role in lipofuscin formation
in STGD [30]. Study results in mice suggested that slowing the
intrinsic reactivity of vitamin A to dimerize slows lipofuscin
accumulation in RPE cells and finally could slow deterioration
of retinal cells in STGD [31]. A phasel trial (NCT02230228),
assessing safety of an oral dose of C20-D3-vitamin A molecule
ALK-001 (Alkeus) once a day which impedes vitamin A di-
merization, was finished with success. Currently, a phase 2
(TEAS study) trial (NCT02402660) is being carried out in
50 patients with termination planned in the year 2021.

The visual cycle can be modulated by Emixustat HCI
(ACU-4429, Acucela) - a nonretinoid derivative of retinyl-
amine. This drug delivered per os reduces the conversion of
all-trans-retinylesters to 11-cis-retinol and prevents accumu-
lation of A2E and has potential STGD treatment value. Data
from a phase 1 study of Acucella suggested that this drug was
well tolerated [32]. We are waiting for the results of a phase

References

3 multicenter, randomized, double-masked, placebo-con-
trolled study (NCT03772665) of 162 patients with STGD.

In RPE cells, A2E and other bisretinoids may be the cause
of inflammation by activating the complement system [33].
Avacincaptad pegol (Zimura, Iveric Bio) is a C5 complement
inhibitor which may prevent formation of the membrane at-
tack complex and reduce destruction of the cell membranes
and finally the death of cells. A phase 2b double masked
sham controlled study (NCT 03364153) with Zimura deliv-
ered by intravitreal injection included 95 STGD patients. The
primary endpoint is the rate of change of the area of the el-
lipsoid zone measured by SD-OCT.

In conclusion, STGD is the most commonly inherited
cause of visual loss in childhood and adulthood. This macu-
lopathy is a highly phenotypically and genotypically heteroge-
neous disease. Significant progress is observed in identifying
this condition at an early stage, determining clinical features,
prognosis, molecular diagnostics and in understanding the
pathogenesis of the disease. In a patient with suspected STGD
it is necessary to perform the following tests: routine oph-
thalmological examination, FAF, SD-OCT, ERG, mfERG or
PERG. For confirmation of the clinically suggested diagnosis,
genetic evaluation is necessary. Long-term prospective studies
of the natural course of the disease, and analysis of genotypic-
phenotypic and structural-functional relationships, are im-
portant for the prognostic evaluation and genetic counseling
as well as for a more appropriate selection of patients to be
included in the clinical trials.
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