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Received: 17 March 2024

Revised: 20 April 2024

Accepted: 22 April 2024

Published: 24 April 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

diagnostics

Review

Optical Coherence Tomography in Inherited Macular
Dystrophies: A Review
Alba Gómez-Benlloch 1,2,*, Xavier Garrell-Salat 1,2, Estefanía Cobos 3, Elena López 1, Anna Esteve-Garcia 4,
Sergi Ruiz 1, Meritxell Vázquez 1, Laura Sararols 1,2 and Marc Biarnés 1

1 Oftalmologia Mèdica i Quirúrgica (OMIQ) Research, c/Tamarit 39, 08205 Sabadell, Spain;
xgarrell@omiq.es (X.G.-S.); elopez@omiq.es (E.L.); sruiz@omiq.es (S.R.); mvazquez@omiq.es (M.V.);
lsararols@omiq.es (L.S.); mbiarnes@omiq.es (M.B.)

2 Department of Ophthalmology, Hospital General de Granollers, Av Francesc Ribas s/n,
08402 Granollers, Spain

3 Hospital Universitari de Bellvitge, c/De la Feixa Llarga s/n, 08907 L’Hospitalet de Llobregat, Spain;
estefaniacobos@hotmail.com

4 Clinical Genetics Unit, Laboratori Clinic Territorial Metropolitada Sud, Hospital Universitari de Bellvitge,
Institut d’Investigació Biomèdica de Bellvitge (IDIBELL), c/De la Feixa Llarga s/n,
08907 L’Hospitalet de Llobregat, Spain; aesteveg@bellvitgehospital.ca

* Correspondence: agomez@omiq.es

Abstract: Macular dystrophies (MDs) constitute a collection of hereditary retina disorders leading
to notable visual impairment, primarily due to progressive macular atrophy. These conditions are
distinguished by bilateral and relatively symmetrical abnormalities in the macula that significantly
impair central visual function. Recent strides in fundus imaging, especially optical coherence tomog-
raphy (OCT), have enhanced our comprehension and diagnostic capabilities for MD. OCT enables
the identification of neurosensory retinal disorganization patterns and the extent of damage to retinal
pigment epithelium (RPE) and photoreceptor cells in the dystrophies before visible macular pathology
appears on fundus examinations. It not only helps us in diagnostic retinal and choroidal pathologies
but also guides us in monitoring the progression of, staging of, and response to treatment. In this
review, we summarize the key findings on OCT in some of the most common MD.

Keywords: macular dystrophy; OCT; tomography; biomarker; Stargardt; Sorsby; autosomal
dominant drusen; occult macular dystrophy; pattern dystrophy; best vitelliform macular dystrophy

1. Introduction

Macular dystrophies (MD) are a group of monogenic-inherited retinal disorders that
commonly affect the vision of both eyes. The diagnosis, assessment, and ongoing mon-
itoring of these conditions can pose significant challenges due to the extensive range of
phenotypic variations, even within monogenic MD. The prognosis can also vary widely
between different MDs.

Optical coherence tomography (OCT) represents a non-invasive method for diagnos-
ing conditions by providing a detailed cross-sectional view of the retina in real time. This
technology relies on interferometry to construct a precise map of the retina’s layers with a
high level of accuracy [1]. Early OCT systems operated in a time-domain manner; however,
the newer technology known as spectral domain OCT (SD-OCT) and swept-source OCT
(SW-OCT) are able to operate at increased speeds with enhanced sensitivity and signal-
to-noise ratios, particularly at deeper locations beneath the RPE. Compared to SD-OCT,
SW-OCT devices improve the visualization of structures beneath the RPE due to decreased
sensitivity roll-off and attenuation of the OCT signal in deeper structures, particularly
the choroid. To overcome this limitation in SD-OCT, techniques such as enhanced-depth
imaging (EDI) are used to better visualize the choroid and structures below the RPE (see
Table 1) [2].
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Table 1. Comparison of salient features of the three types of optical coherence tomography.

Type of OCT Image Acquisition Scanning Speed Axial Resolution Transverse Resolution Range of Imaging

Time domain
Superluminescent diode

(810 nm) single photon detector,
moving mirror

400 A-scans
per second 10 µm 20 µm Vitreoretinal interface

to RPE

Spectral domain
Broadband superluminescent

diode source (840 nm), array of
detectors, fixed mirror

27,000–70,000 A-scans
per second 5–7 µm 14–20 µm

Posterior cortical
vitreous to sclera
using EDI mode

Swept source Swept-source tunable laser
(1050 nm), single detector

100,000–400,000
A-scans per second 5 µm 20 µm

Posterior cortical
vitreous to sclera
using EDI mode

RPE: retinal pigment epithelium, EDI: enhanced-depth imaging, OCT: optical coherence tomography. Comparison
of salient features of the three types of optical coherence tomography from [2].

Recent advances in fundus imaging, particularly OCT, have improved our understand-
ing and the diagnosis of MD. Furthermore, OCT frequently identifies subtle morphological
alterations that may go unnoticed during a fundus examination. The literature describes
several OCT biomarkers associated with MD. Biomarkers, also known as biological mark-
ers, are characterized as medical indicators that signify either a diseased or non-diseased
condition, serving as indicators for disease progression and prognostic.

In this narrative review, we performed a broad search of the literature on PubMed,
initially including the most relevant studies using the following terms: “optical coherence
tomography OR macular dystrophy” and “optical coherence tomography OR inherited
retinal disease”. Additionally, we searched for the term “optical coherence tomography”
in association (OR/AND) with each IRD described in the manuscript. Finally, we supple-
mented the search in some cases by adding references from relevant articles. All articles
considered and cited were written in English.

In this review, we summarize the key OCT findings in some of the most common
MDs. This may support the recognition, prognostic and progression of these disorders
while, at the same time, pointing towards areas that need further research to fill gaps in our
knowledge. Additionally, we highlight proposed OCT biomarkers in MD that may support
the diagnosis or prognosis of these entities.

2. Stargardt Disease

Stargardt disease 1 (STGD1, OMIM #248200) is an autosomal recessive MD caused by
homozygous or compound heterozygous variants in the ABCA4 gene (chromosome 1p22)
and characterized by the atrophy of the retinal pigment epithelium (RPE) and the loss of
photoreceptors. It is the most common macular inherited retinal disease (IRD). No large
population-based studies have been conducted to determine its frequency, but its estimated
prevalence ranges between 1:8.000 and 10.000. The product of the ABCA4 gene is the ABCA4
protein, an ATP-binding cassette transporter located in the photoreceptor outer segments
that transports N-retinyledene-phosphatidylethanolamine and phosphatidylethanolamine.
Its dysfunction leads to increased accumulation of all-trans and 11-cis retinoids that build
up A2E and other bisretinoids in the form of toxic lipofuscin within the RPE [1]. The antiox-
idant properties of RPE melanin may modulate disease severity since studies conducted in
albino Abca4−/− rodents suggest an earlier onset and more severe course of disease than
in their pigmented counterparts [3,4]. Over 2000 confirmed or potentially disease-causing
variants in the ABCA4 gene have been documented as contributors to STGD1.

The typical presentation is a bilateral, symmetric, and slowly progressive visual acuity
loss. The most common age of presentation is in the teenage years, but it can be diagnosed
from childhood onwards. Late-onset STGD1 presents with foveal sparing and, given its
older age at presentation, needs to be differentiated from age-related macular degeneration
(AMD). STGD1 usually leads to legal blindness due to a bilateral loss of visual acuity to
20/200 or less [5]. Prognosis may be better in certain subgroups of patients, like those with
the p.G1961E variant, with a normal full-field electroretinogram (ERG), or with presentation
at older ages.
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Phenotypically, STGD1 can present either as macular RPE atrophy with a beaten-
bronze appearance or a bull’s eye pattern, with or without flecks (fundus flavimaculatus;
Figure 1). Peripapillary sparing on fundus autofluorescence (FAF) is characteristic but
not pathognomonic, and a dark choroid may be present on fluorescein angiography in
up to 80% of cases due to blocking of choroidal fluorescence by increased intracellular
accumulation of lipofuscin. Several classifications exist based on fundus appearance [6],
FAF [7], and full-field ERG [8].
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Figure 1. Color fundus photography, FAF, and OCT of a 58-year-old male with STGD1 and a visual
acuity of counting fingers. Macular atrophy and flecks, which are clearly visible on FAF as a round
area of hypoautofluorescence and bright, hyperautofluorescent discrete lesions, respectively. On OCT,
there is a complete loss of retinal pigment epithelium, ellipsoid, external limiting membrane, and
outer nuclear layer with secondary increased choroidal signal. The retina is markedly thinned, and
the inner nuclear layer rests on Bruch’s membrane. FAF: fundus autofluorescence.

There are many findings on OCT in STGD1. In the early stages of the disease and even
before changes are observed in the fundus or on FAF, Burke et al. reported a thickening of
the external limiting membrane (ELM; Figure 2) [9]. The authors attributed this change to
a response of the Müller cells to photoreceptor structural changes, but the migration and
retraction of the inner segment of the photoreceptors have also been suggested.
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Figure 2. Thickening of the external limiting membrane in a 12-year-old female. Visual acuity was
20/20, and no abnormalities were found on clinical exam, color fundus photography, or fundus
autofluorescence (not shown). The thickening is most noticeable under the foveal depression. The
patient had pathogenic biallelic variants in the ABCA4 gene.

The hallmarks of STGD1 (and many other macular dystrophies) on OCT are areas of
macular RPE, photoreceptor, and choriocapillaris loss (Figure 3). In 2017, the Consensus of
Atrophy Meeting (CAM) study group proposed a set of criteria to define atrophy on OCT,
which included the following: (i) a region of choroidal hypertransmission ≥ 250 µm; (ii) a
zone of attenuation or disruption of the RPE ≥ 250 µm; (iii) overlying photoreceptor de-
generation; and (iv) the absence of an RPE tear [10]. These findings were collectively called
complete RPE and outer retina atrophy or cRORA. Incomplete forms, with smaller regions
of RPE loss and choroidal hypertransmission (iRORA), and incomplete and complete forms
of photoreceptor degeneration without RPE loss (iORA and cORA, respectively), were also
proposed [10]. These definitions were developed for geographic atrophy (GA) secondary
to AMD. Since GA is a subset of all cRORA, the use of this terminology has also been
expanded to other degenerative diseases; for example, Doheny Imaging Reading Center
investigators used it for defining atrophy on OCT in STGD1 in the ProgStar study [11].
Nonetheless, its adoption in other IRDs is still uncommon, particularly for i/cORA, which
may not occur in all degenerative diseases.

Additionally, the area of atrophy in STGD1 progresses. Its growth approximates
0.10 mm/year [12], which seems inferior to that reported in other degenerative diseases like
geographic atrophy (GA) secondary to AMD, at ~0.33 mm/year. This progression can also
be followed by changes in total retinal thickness and volume or by outer retinal thickness
thinning after segmentation. There is a correlation between central foveal thickness and
visual acuity loss in STGD1, suggesting that it is the loss of the foveal outer retinal tissue,
both photoreceptors and the RPE, that causes the drop in vision [13].

Other features may be present in patients with STGD1. Flecks, yellowish deposits in
the outer retina resembling drusen, are seen as subretinal or intraretinal hyperreflective
deposits. Different types of flecks have been described on OCT based on their location,
extent, etc. (Figure 3), which may reflect a process of material accumulation and resorption
in the photoreceptor layer or just different stages in the evolution of these lesions.

A particular phenotype in STGD1 patients is the optical gap (Figure 4). This describes
the subfoveal absence of the ellipsoid zone (EZ) with concomitant thinning of the nearby
outer nuclear layer (ONL), which may eventually progress to a collapse of the inner retina
on a thinned RPE. This finding has been associated with the p.G1961E variant in the mild
end of the spectrum of STGD1 genetic variants [14]. Interestingly, this finding demonstrates
photoreceptor loss preceding RPE atrophy. Similar findings are observed in some patients
with other IRDs, like cone dystrophy and achromatopsia.
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Figure 3. Areas of atrophy of the outer retina in STGD1 as seen on optical coherence tomography.
Note hyperreflective foci in the choroid in (A). (B), subretinal fleck with loss of the ellipsoid zone.
(C), a different fleck with breaks in the external limiting membrane. (D), migrated fleck into the retina.
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Figure 4. Optical gap in a 25-year-old female with 20/80 visual acuity. Loss of the subfoveal ellipsoid
zone with relative preservation of the foveal thickness.

Recently, Heath Jeffery et al. showed that patients with STGD1 have a thicker band 4
(corresponding to the RPE/Bruch’s membrane) than healthy controls and patients with
PRPH2 pattern dystrophies [11]. In addition, they proposed that the ratio of band 2
(corresponding to the EZ) to band 4 may help discriminate between these two IRDs, with a
cutoff threshold of 0.79 providing 100% specificity [15]. Clearly, the study of individual
layers on OCT (for integrity, thickness, or, recently, relative reflectivity in the case of the
EZ [16]) is promising in this and other diseases. Nonetheless, the segmentation of outer
retinal layers in STGD1 is difficult, and several limitations need to be taken into account
when measuring some of these parameters.

Arriago et al. described four different choroidal patterns in STGD1 patients. More
advanced patterns, with reduced Sattler and Haller layers ± choroidal caverns, significantly
correlated with a more severe loss of retinal structural integrity, best corrected visual acuity
(BCVA) loss, and different progression of the disease [17].
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In addition, Piri et al. described the presence of choroidal hyperreflective foci in these
patients (Figure 3), which presumably represent migrated lipofuscin granules into the
choroid [18]. These foci were positively correlated with disease severity.

Optical coherence tomography can also be useful in the identification of the extent of
foveal involvement. Short-wavelength light is absorbed by macular pigment. Therefore,
on conventional (blue) FAF, both fovea and atrophy are hypoautofluorescent, making the
detection of foveal atrophy difficult. This is important in eyes with foveal sparing, which is
common in late-onset Stargardt. Foveal B-scans may unambiguously identify if the center
of the foveal avascular zone is uninvolved or affected by iORA, cORA, iRORA, or cRORA.
This may also be important in the setting of clinical trials, where the absence of foveal
involvement may be one of the criteria for potential eligibility.

Structural OCT can detect subretinal and intraretinal fluid in the uncommon occur-
rence of macular neovascularization (MNV) associated with the disease, and it can also
monitor the response to antiangiogenic treatment [19]. Optical coherence tomography
angiography (OCTA) allows the visualization of the actual MNV in many IRDs, but its use
in this situation in STGD1 is rare [19]. Nonetheless, OCTA has shown a decreased density
of the superficial and deep capillary plexus, as well as the choriocapillaris, in STGD1 [20].

Finally, most studies of STGD1 determine disease progression by enlargement of areas
of definitely decreased fundus autofluorescence (also known as DDAF), as reported in
the ProgStar study [21]. However, the visualization of the OCT reflectance image using
an en face projection (coronal view) and a subRPE slab reveals that atrophy is seen as a
hyperreflective area and that there is a good correlation between areas of atrophy mea-
sured on FAF and en face OCT [22]. The STAR phase 2b trial (NCT03364153) evaluates
the safety and efficacy of the C5 avacincaptad pegol (IVERIC bio, an Astellas company,
Middlesex County, NJ, USA) as compared to sham in patients with STGD, and it is the
only currently active trial that uses OCT-derived measurements as the primary endpoint
(www.clinicaltrials.gov, accessed on 24 October 2023). In this case, the investigators eval-
uate the mean rate of change in the area of the EZ defect measured on en face OCT to
determine disease progression. It is reasonable to assume that more researchers in the
future will use OCT parameters as the primary endpoint for STGD1 trials.

3. Best Vitelliform Macular Dystrophy

Best vitelliform macular dystrophy (BVMD, OMIM #153700) is an IRD primarily
caused by autosomal dominant variants in the BEST1 gene (OMIM #607854) in 11q12. This
gene encodes the integral membrane protein bestrophin-1, a calcium-activated chloride
channel located on the basolateral membrane of the RPE cells [23]. The disruption of ionic
transport caused by the mutation leads to the accumulation of fluid between the photore-
ceptors and the RPE, with a secondary accumulation of non-phagocytosed photoreceptor
outer segments and their fluorophores in the form of lipofuscin in this space. An altered
cholesterol homeostasis and RPE/photoreceptor apposition contribute to a weakened adhe-
sion between the macular RPE and neurosensory retina. BVMD is the second most common
inherited macular dystrophy and the most prevalent among autosomal dominant forms,
with an estimated prevalence between 1.5 in 100,000 and 1 in 10,000 [24].

The classic form of BVMD is associated with hyperopia and typically emerges in
the first two decades of life and leads to slow central vision loss, with high intra- and
interfamilial variability. It is characterized by a distinctive oval lesion resembling an egg
yolk (vitelliform lesion) in color fundus photographs. This lesion exhibits intense hyper-
autofluorescence [25]. On electrophysiological tests, full-field ERG results are generally
normal, but electrooculogram (EOG) findings are often abnormal, with an Arden ratio of 1.5
or less. Genetic testing is typically used to confirm the diagnosis by identifying pathogenic
BEST1 variants. The prognosis is relatively good for the preservation of useful visual acuity
in at least one eye, although there is substantial intrafamilial variability [26].

Since subretinal vitelliform lesions can exhibit diverse structural changes over a pa-
tient’s lifetime, Gass introduced a staging system that relies on ophthalmoscopic obser-

www.clinicaltrials.gov
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vations: stage I (subclinical), stage II (vitelliform), stage III (pseudohypopyon; Figure 5),
stage IV (vitelliruptive), and stage V (atrophic/fibrotic). Progress in retinal imaging has
delivered new insights into structural, vascular, and functional aspects.
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Figure 5. Color fundus photography, fundus autofluorescence, and OCT in a 24-year-old female
with Best vitelliform macular dystrophy in the pseudohypopion stage and a surprisingly good visual
acuity of 20/25. Notice that the inferior yellowish deposit (top left) is hyperautofluorescent on fundus
autofluorescence (top right). (Bottom), a vertical OCT shows that the yellowish deposit is located in
the subretinal space inferior to the fovea (to the left in the vertical B-scan), while the upper part of the
lesion (to the right) is optically hyporreflective and can be confused with subretinal fluid from active
macular neovascularization.

OCT has played a crucial role in enhancing the clinical description of BVMD. It enables
the visualization of various aspects, such as the vitelliform material, the disruption and
atrophy of the outer retina layers, the presence of fibrotic nodules beneath the RPE, and
hyperreflective points within the ONL [27].

In the subclinical phase, the sole noticeable change in OCT is a thickening of the inter-
digitation zone involving cones and the apical processes of the RPE, potentially resulting
from impaired phagocytosis of discarded photoreceptor outer segments [27]. The charac-
teristic egg-yolk lesion associated with the vitelliform stage presents as a dome-shaped
hyperreflective structure within the subretinal space. In contrast, the pseudohypopyon and
vitelliruptive stages demonstrate the reabsorption of the hyperreflective material, replaced
by subretinal fluid, along with the elongation of outer segments. The final stage is marked
by the atrophy of the outer retinal layers and the RPE, accompanied by fibrotic scarring [27].

Stages II, III, and IV tend to exhibit similar levels of visual acuity and retinal sensitiv-
ity [28]. Hence, extensive research has been devoted to the identification of OCT biomarkers
capable of evaluating the severity of the disease and predicting progression. Several OCT
biomarkers have been documented:

1. The integrity of the EZ is the most closely linked factor to a decline in visual acuity.
Its intensity, both in the affected areas and the surrounding regions, is attenuated in
patients who show disease progression, and expansion of the disrupted EZ region is
linked to a higher probability of visual acuity loss. Additionally, it is worth noting that
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many patients exhibit a central region with a preserved EZ, referred to as an optically
preserved islet or OPI, which is associated with improved visual outcomes [29].
However, it is essential to recognize that EZ loss tends to occur in later stages and is
typically associated with already significant visual impairment.

2. Another noteworthy OCT biomarker is the measurement of ONL thickness, which
can serve as an indicator of early photoreceptor degeneration. Irrespective of the
clinical stage, BVMD patients exhibit reduced ONL thickness compared to healthy
individuals [30]. Also, there is a correlation between ONL thickness and both BCVA
and retinal sensitivity. Therefore, ONL thickness could prove to be a more valuable
quantitative measure for assessing the anatomical loss of photoreceptors and the
decline in macular function.

3. Visual acuity is directly impacted by the presence of both vitelliform material and
subretinal fluid. Eyes exhibiting vitelliform material typically demonstrate superior
visual function, while the gradual reabsorption of this material, accompanied by the
detection of subretinal fluid, is associated with a decline in visual acuity. Addition-
ally, sensitivity, as measured by microperimetry, declines as vitelliform material is
reabsorbed and subretinal fluid accumulates [31].

4. Retinal hyperreflective foci (HRF) are punctiform lesions, typically smaller than
30 µm, primarily located in the outer nuclear and plexiform layers of the neuroretina.
Battaglia Parodi et al. identified the presence of HRF in BVMD and noted an increase
in their number as the disease progressed [32]. HRF may constitute accumulations of
microglia or RPE cells detached from Bruch’s membrane (BM) and migrated into the
subretinal space, eventually reaching the neuroretina [33]. Recent data obtained using
polarization-sensitive OCT, which provides tissue-specific contrast, has lent support to
the theory by demonstrating the presence of RPE cells within the vitelliform material
and the neuroretina. Consequently, HRF appears to reflect the progression of the
disease and may serve as a valuable biomarker for monitoring BVMD.

5. Researchers have also explored biomarkers related to choroidal angioarchitecture in
BVMD. One study examined changes in choroidal thickness across various BVMD
stages, revealing that stages featuring vitelliform deposits showed a thicker choroid,
while atrophic/fibrotic stages exhibited a thinner choroid compared to healthy con-
trols. The underlying hypothesis was that the metabolic strain on the RPE and
photoreceptor layers, due to the accumulation of vitelliform material, could lead to
increased blood flow and the dilation of choroidal vessels, consequently resulting
in greater choroidal thickness. Conversely, in later stages marked by outer retinal
degeneration and reduced metabolic demands, choroidal thickness would be expected
to decrease [34]. However, a more recent investigation observed no significant dif-
ference in subfoveal choroidal thickness between BVMD and control eyes [35]. On a
different note, the choroidal vascularity index, a biomarker reflecting the relative ratio
of vascular to stromal components in the choroid, exhibited a noteworthy decrease in
BVMD irrespective of its stage [35].

6. Additional OCT findings that may be detected in the later stages of BVMD include
choroidal excavation and full-thickness macular holes. Choroidal excavation has been
documented in individuals with BVMD and could be regarded as an indication of
heightened degeneration in the outer retinal layers and the choroid [36]. Full-thickness
macular holes, though rare, can be a potential complication of BVMD, as suggested by
recent OCT-based research. Progressive retinal atrophy may be the most likely cause
of the development of these holes.

Finally, the use of OCTA in clinical applications has enabled the identification of MNV
without the necessity of intravenous dye (Figure 6). Recent investigations have revealed
a significantly higher prevalence of MNV in BVMD, up to 65% of cases, which may be
attributed to the utilization of OCTA. These lesions respond well to antiangiogenic therapy.
Additionally, OCTA has unveiled a reduction in vessel density within the superficial
capillary plexus, deep capillary plexus, and choriocapillaris in the macular region when
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compared to control subjects [35,37]. This finding underscores the role of the vascular
system in the pathogenesis of BVMD.
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Figure 6. MNV in a female patient aged 22 years old with a visual acuity of 20/100 and Best vitelliform
macular dystrophy as seen on OCTA. (Left), the angio B-scan shows a type 1 MNV between the
retinal pigment epithelium and Bruch’s membrane. (Right), the en face image of the outer retina
shows the actual vessels. MNV: macular neovascularization.

4. Pattern Dystrophies

Pattern dystrophies (different OMIM numbers) are a spectrum of MDs characterized
by the presence of a yellowish-grey deposit at the level of the RPE in the macula, each
dystrophy presenting a characteristic distribution or pattern. There is an accumulation of
lipofuscin at the level of the RPE, usually bilateral and symmetric. Pattern dystrophies can
occasionally be associated with other systemic diseases, such as Steinert’s myotonic dystro-
phy, Kjellin’s syndrome, or pseudoxanthoma elasticum. In most cases, these conditions
result from genetic variants within the PRPH2 gene, located on chromosome 6p21.1, with
an autosomal dominant inheritance pattern. This gene codes for the protein peripherin-2, a
surface glycoprotein found in both cone and rod photoreceptor cell discs, which is involved
in the adhesion and compaction of the discs. It is thought that the lack of the disulfide bond
held by the amino acid cysteine, which is affected by many of the mutations involving
PRPH2, weakens the disc membrane of the photoreceptors. Less frequently, other genes
can cause pattern dystrophies (BEST1, IMPG1, IMPG2, and CTNNA1) [38].

Clinically, there are five types of pattern dystrophies based on the pigment distribution
pattern: butterfly-shaped pigment dystrophy (BPD), adult-onset foveomacular vitelliform
dystrophy (AOFVD), multifocal pattern dystrophy simulating STGD1, reticular dystrophy,
and fundus pulverulentus. BPD is characterized by the presence of yellowish pigment de-
posits above the RPE, simulating butterfly wings with a radial distribution from the fovea,
which can be readily identified on FAF (Figure 7). In AOFVD, we observe the formation of a
bilateral and symmetrical round yellowish lipofuscin deposit under the neurosensory retina
that is hyperautofluorescent on FAF and has a smaller size and later onset than in BVMD;
although patients are generally asymptomatic, during their evolution, the deposit can
regress and leave and RPE can atrophy, which initially causes metamorphopsia and, later,
a loss of visual acuity. In the multifocal pattern dystrophy, there are scattered yellowish-
white macular and perimacular deposits resembling flecks similar to those seen in STGD1
(but these are hyperautofluorescent and also have a rim of hypoautofluorescence on FAF),
and there is no peripapillary sparing or silent choroid on fluorescein angiography char-
acteristic of STGD1; eventually, macular atrophy can occur. Reticular dystrophy initially
presents with a network of hyperpigmentation resembling a fishing net that gradually
expands from the macula and can evolve into RPE atrophy; these changes are clearly seen
in fluorescein angiography. The fundus pulverulentus is the least common dystrophy, with
numerous irregular clumps of pigment conferring a punctate or granular appearance to the
macula and the absence of drusen.
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Figure 7. Color fundus photography, fundus autofluorescence, and OCT in butterfly-shaped pattern
dystrophy. This 50-year-old male had 20/25 visual acuity. Notice the abnormalities in the retinal
pigment epithelium and the ellipsoid zone, with absence of fluid and preservation of retinal thickness.

The earliest signs can be seen between the ages of 20 and 40, although most patients are
asymptomatic. Despite their usually benign course, the development of RPE atrophy [39]
or MNV can cause a significant visual disability in a minority of cases.

The OCT in pattern dystrophies shows the presence of a hyperreflective material
between the EPR and the neurosensory retina throughout the different patterns. In BPD,
areas of variable reflectivity can be observed between RPE/Bruch’s membrane and photore-
ceptors. In some cases, a disruption of the photoreceptors and occasionally hyperreflective
bands with extension to the ONL can be seen [36]. In reticular dystrophy, we can observe
multiple hyperreflective areas at the level of the RPE associated with focal losses of the
photoreceptor outer segment, as well as of the EZ. In multifocal dystrophy, hyperreflective
areas are between the RPE/Bruch’s membrane complex and the EZ, with focal disruptions
in the outer segments. In some cases, the extension of the hyperreflectivity from the RPE to
the ONL can be seen [40].

The use of OCT is important to differentiate AOFVD from AMD. AOFVD differs
from the rest of pattern dystrophies in that it presents four stages throughout its evolution,
as described with enhanced-depth imaging (EDI) [41]. In the first stage, a subretinal
hyperreflective material is observed between the RPE and the dome-shaped and amputated
EZ without significant visual acuity loss. The second stage is called the pseudohypopion
phase and is similar to that seen in BVMD; intraretinal pseudocysts can be observed. In the
vitelloruptive stage, the lesion collapses. The subretinal material gradually becomes more
heterogeneous, and a loss of photoreceptors can be observed. In the last stage, complete
reabsorption of the fluid is observed with a loss of photoreceptors and RPE atrophy.

A high frequency of HRF has been observed in pattern dystrophies. In vitelliform
lesions of different origins (not just pattern dystrophies), HRF corresponded to RPE cells
with lipofuscin and melanolipofuscin granules, as well as melanosomes, and were associ-
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ated with the development of outer retinal atrophy [33]. Casillo et al. [42] found that after
the treatment of neovascular membrane, HRF persisted in pattern dystrophies; on the other
hand, in AMD, the number of HRF decreased after the treatment.

To differentiate ABCA-4- and PRPH2-associated retinopathy using OCT, Heath Jeffery
et al. developed a novel imaging biomarker. This biomarker consists of the ratio between
band 2 (EZ) and band 4 (RPE/Bruch membrane). The band 2/band 4 ratio was significantly
greater in the PRPH2 group than in both the ABCA4 and healthy control groups, allowing
the discrimination between these two IRDs [15].

In recent years, the role of the choroid in pattern dystrophies has been studied.
Choroidal thickness is similar between controls and eyes with pattern dystrophy and
significantly thicker than in an exudative AMD population 3 years after MNV treatment,
suggesting different pathophysiological mechanisms in the two diseases and a potential
role of this finding in the differential diagnosis between these entities [42]. The authors
speculated that the increased thickness in patients with pattern dystrophies as compared to
those with exudative AMD may be caused by the elimination of vitelliform material via the
choroid, with thickening of the Haller layer, secondary compression of the choriocapillaris
in some eyes with resulting ischemia and MNV development [42]. However, a thickened
choroid in eyes with pattern dystrophies as compared with age-matched healthy controls
would be expected in this scenario, which is not a consistent finding to date.

In recent years, OCTA has allowed the visualization of MNV in pattern dystrophies.
Type 1 and 3 MNV can be seen and responded to ranibizumab therapy in a retrospective
study with stability of visual acuity [43], although spontaneous improvement can occur
irrespective of treatment with antiangiogenic therapy.

5. Sorsby Fundus Dystrophy

Sorsby fundus dystrophy (SFD, OMIM #136900) is an autosomal dominant MD with
complete penetrance caused by pathogenic variants in the TIMP3 (tissue inhibitor of
metalloproteinase 3) gene, located on chromosome 22q12.3 [44]. As a consequence, the
TIMP3-mediated extracellular matrix turnover is altered, which leads to a thickening of
BM that impairs the flow of nutrients to the photoreceptors and their degeneration. Also,
since TIMP3 inhibits the vascular endothelial growth factor (VEGF), its mutation promotes
angiogenesis. Due to the paucity of SFD cases, no large epidemiological studies exist
that determine the prevalence of the disease in the general population, but its estimated
prevalence is closer to 1 in 220.000 people.

The average onset of the disease is usually during the fourth to fifth decade of life.
Clinical symptoms at presentation typically include poor dark adaptation (which may
respond to vitamin A supplementation) [45], reduced color vision, central scotomas, meta-
morphopsia, and sudden loss of central vision [46]. Patients have worse scotopic than
photopic visual function, as confirmed by low-luminance visual acuity, dark adaptometry,
and scotopic microperimetry [47]. Long-term prognosis is generally poor because of the de-
velopment of MNV, polypoidal choroidal neovascularization, fibrosis, and/or chorioretinal
atrophy [22]. Sivaprasad et al. found that the median age for the occurrence of MNV in
the first eye was 46 years and 50 years in the second eye, while the median age for legal
blindness (visual acuity < 20/200) was 54 years [48].

The funduscopic findings may include the presence of drusen in the posterior pole and
along the vascular arcades [46], mostly on the temporal side. Reticular pseudodrusen, de-
posits located between the photoreceptors and the RPE are also common in SFD. Although
they can be seen as a yellowish deep network in the superior retina, they are most clearly
observed as a reticular pattern on FAF (Figure 8) or as hyporeflective round lesions on
near-infrared imaging. Patients show a characteristic macular late-phase hypocyanescence
on indocyanine green angiography [49].
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Figure 8. Color fundus photography, fundus autofluorescence, OCT in a male patient aged 55 years
old, and visual acuity of 20/400 with Sorsby fundus dystrophy and variants in TIMP3. Notice the
presence of extensive drusen and macular atrophy, with subretinal debris on OCT.

The main OCT findings are drusen, with reticular pseudodrusen appearing later [50]
but before extensive chorioretinal atrophy ensues. They present a notable thickening of BM
as the primary pathological change, as documented by Iyer et al. [50]. These alterations
lead to the degeneration of the choriocapillaris and the outer retina. As a consequence,
there is a thinning of the choriocapillaris in SFD patients [50]. Some studies suggest that a
compromised choriocapillaris and Bruch’s membrane complex is linked to the degeneration
of the photoreceptors above. Additionally, patients with SFD exhibit significant choroidal
thinning as measured using horizontal enhanced-depth imaging [51].

Another characteristic finding in SFD is the presence of a separation in the RPE/Bruch’s
membrane complex observed in OCT imaging. For patients with SFD, the extent of
RPE/Bruch’s membrane separation was found to be correlated with the stage of the disease:
those with the most severe ocular symptoms displayed the greatest degree of separation
between the BM and RPE [52].

Patients with SFD can develop MNV at any point, either concurrently with drusen
deposits or even in their absence. Active MNV causes intraretinal and subretinal fluid accu-
mulation and subretinal hemorrhages. These findings can be detected through fundoscopic
examination, OCT, and fluorescein angiography. The MNV responds to treatment with
anti-VEGF injections [53].

OCTA has also been shown to identify early MNV without the need for fluorescein an-
giography [54]. The assessment of choroidal blood flow could also hold clinical significance
for individuals with SFD who present reticular pseudodrusen. This is highlighted by recent
research, which has shown that patients with AMD, reticular pseudodrusen, and impaired
vision are linked to notably larger regions of reduced blood flow in the choriocapillaris
on OCTA [55]. Prospective investigations employing OCTA imaging techniques have the
potential to be valuable in identifying the early stages of the disease and predicting its
progression, along with the likelihood of vision deterioration.
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6. Autosomal Dominant Drusen

Autosomal dominant drusen (ADD, OMIM #126600) encompasses both Malattia Lev-
entinese and Doyne honeycomb retinal dystrophy. It is an autosomal dominant MD char-
acterized by early-onset macular drusen-like deposits. It is caused by a single pathogenic
variant (p.Arg345Trp) in the gene EFEMP1, located on chromosome 2p16.1, encoding the
epidermal growth factor (EGF)-containing fibulin-like extracellular matrix protein 1 [56].
The precise function of the protein remains unknown.

Patients may have macular drusen-like deposits from the third decade and are usually
asymptomatic or can complain of mild decreased visual acuity or metamorphopsia [57].
After the fifth decade, central vision may deteriorate due to extensive pigmentary changes,
macular atrophy, or, rarely, MNV. Marked intra- and interfamilial variability is common [26].

Phenotypically, the main feature of ADD is the presence of round yellow-white or
drusen-like deposits in the macula (Figure 9). These deposits become progressively conflu-
ent centrally, leading to a honeycomb appearance of the macula, often with RPE hyperplasia.
Large drusen can also be characteristically found at the edge of the optic disc, while small
drusen can be seen in the temporal macula in a radial pattern. The large drusen in ADD
can be differentiated from typical drusen in AMD by their hyperautofluorescence on FAF.
On both fluorescein angiography and indocyanine green, the large macular drusen turn
from hypofluorescent in the early phases to hyperfluorescent in the late phases, while the
reverse is true for small peripheral radial drusen [58].
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Figure 9. Color fundus photography and fundus autofluorescence in a woman genetically confirmed
with autosomal dominant drusen aged 37 years old and 20/20 vision. There is a bilateral, temporal,
and highly symmetrical distribution of the drusenoid deposits, which are hyperautofluorescent. In
this case, there are no drusen adjacent to the optic disk.
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Spectral-domain optical coherence tomography (SD-OCT) imaging can reveal focal
dome-shaped, saw-toothed, or diffuse hyperreflective deposits with an elevation between
the RPE and Bruch’s membrane, usually becoming more confluent over time (Figure 10) [59].
When focal, these drusen are similar to those seen in AMD, although some adopt a more
nodular appearance. Small radial drusen range from a small thickening of the RPE/Bruch’s
membrane complex to a sawtooth RPE elevation reminiscent of cuticular drusen [59]. Peri-
papillary drusen show similar findings. Zweifel et al. reported the presence of subretinal
deposits on SD-OCT similar to reticular pseudodrusen in two members of the same family
with an otherwise ADD-like phenotype, but in whom variants in EFEMP1 gene could not
be detected [60].

Diagnostics 2024, 14, x FOR PEER REVIEW 15 of 21 
 

 

[59]. When focal, these drusen are similar to those seen in AMD, although some adopt a 

more nodular appearance. Small radial drusen range from a small thickening of the 

RPE/Bruch’s membrane complex to a sawtooth RPE elevation reminiscent of cuticular 

drusen [59]. Peripapillary drusen show similar findings. Zweifel et al. reported the pres-

ence of subretinal deposits on SD-OCT similar to reticular pseudodrusen in two members 

of the same family with an otherwise ADD-like phenotype, but in whom variants in 

EFEMP1 gene could not be detected [60].  

Functional impairment, as evaluated by microperimetry, correlates topographically 

to the sub-RPE deposition of drusenoid material [59]. Therefore, the greater the hyperre-

flective material deposited below the RPE, the greater the visual impairment. 

As with Sorsby disease, a separation between the RPE and Bruch’s membrane has 

also been described, which increases as the stage of the disease progresses. On the con-

trary, this relationship has not been found in late-onset retinal degeneration [52]. 

A peculiar outer retina morphologic change, occurring in a variety of advanced de-

generative retinal disorders, termed outer retina tubulation [59] has also been detected. It 

is a feature of photoreceptor rearrangement after retinal injury. 

Early in the disease, the outer retina (photoreceptors) may remain intact, but later 

stages can show variable or diffuse ellipsoid zone loss, as well as outer and inner segment 

disruption. Querques et al. described that the inner segment (IS)/outer segment (OS) junc-

tion of the photoreceptors overlying the focal dome-shaped or diffuse RPE elevation is 

disrupted; however, the IS/OS junction overlying the sawtooth RPE elevation is normal 

(Figure 10) [59]. 

Drusen may evolve into areas of RPE atrophy and, rarely, MNV. These complications 

can already be detected in OCT and OCTA [61], respectively.  

 

Figure 10. Optical coherence tomography in autosomal dominant drusen, with multiple drusen on 

the inner aspect of Bruch’s membrane (yellow arrows) and preserved IS/OS junction. 

7. Occult Macular Dystrophy 

Occult macular dystrophy (OMD, OMIM #613587), also called Miyake disease, is an 

autosomal dominant MD characterized by a progressive loss of visual acuity without oph-

thalmoscopic or angiographic changes. Although, in most cases, no genetic cause is found, 

several variants within the RP1L1 gene, located on chromosome 8p23, have been described 

[62].  

As studied by the East Asia Occult Macular Dystrophy study group, patients usually 

report a loss of visual acuity (in the range from 20/16 to 20/320, with a median of 20/100), 

which usually begins around 25 years (range, 2 to 73) [63]. The diagnosis is made with 

electroretinographic tests since both FAF and fluorescein angiography are eminently 

Figure 10. Optical coherence tomography in autosomal dominant drusen, with multiple drusen on
the inner aspect of Bruch’s membrane (yellow arrows) and preserved IS/OS junction.

Functional impairment, as evaluated by microperimetry, correlates topographically to
the sub-RPE deposition of drusenoid material [59]. Therefore, the greater the hyperreflective
material deposited below the RPE, the greater the visual impairment.

As with Sorsby disease, a separation between the RPE and Bruch’s membrane has also
been described, which increases as the stage of the disease progresses. On the contrary, this
relationship has not been found in late-onset retinal degeneration [52].

A peculiar outer retina morphologic change, occurring in a variety of advanced
degenerative retinal disorders, termed outer retina tubulation [59] has also been detected.
It is a feature of photoreceptor rearrangement after retinal injury.

Early in the disease, the outer retina (photoreceptors) may remain intact, but later
stages can show variable or diffuse ellipsoid zone loss, as well as outer and inner segment
disruption. Querques et al. described that the inner segment (IS)/outer segment (OS)
junction of the photoreceptors overlying the focal dome-shaped or diffuse RPE elevation is
disrupted; however, the IS/OS junction overlying the sawtooth RPE elevation is normal
(Figure 10) [59].

Drusen may evolve into areas of RPE atrophy and, rarely, MNV. These complications
can already be detected in OCT and OCTA [61], respectively.

7. Occult Macular Dystrophy

Occult macular dystrophy (OMD, OMIM #613587), also called Miyake disease, is
an autosomal dominant MD characterized by a progressive loss of visual acuity without
ophthalmoscopic or angiographic changes. Although, in most cases, no genetic cause is
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found, several variants within the RP1L1 gene, located on chromosome 8p23, have been
described [62].

As studied by the East Asia Occult Macular Dystrophy study group, patients usually
report a loss of visual acuity (in the range from 20/16 to 20/320, with a median of 20/100),
which usually begins around 25 years (range, 2 to 73) [63]. The diagnosis is made with elec-
troretinographic tests since both FAF and fluorescein angiography are eminently normal.
Full-field ERG usually does not show abnormalities, while focal ERG does show a depres-
sion of macular function, confining the disease to the macular area. With the development
of the multifocal ERG, it has been possible to detect a reduction in the amplitudes of the
central areas. Occasionally, patients may not present a decrease in vision despite having
a reduction in the focal ERG. Visual acuity may worsen over 10–15 years and stabilize
thereafter, although high variability between patients is the norm [63].

Careful attention to foveal OCT scans shows subtle abnormalities despite the normal
fundus appearance. The classical OCT findings include the blurring of the EZ and the
absence of interdigitation of the photoreceptors with normal RPE [63]. Nakamura et al.
published a large study where they proposed a three-stage classification [64]. In stage 1,
patients are asymptomatic, and most show minimal alterations on OCT, although efface-
ment of the EZ and the interdigitation zone may be observed. In a study by Kato et al. with
40 patients, it is shown that in asymptomatic patients with an RP1L1 genetic variant, the
integrity of the foveal structures is maintained, probably representing early phases of the
disease [65]. Then, in stage 2, there is a loss of the outer segment–RPE interdigitation zone,
while the EZ is blurred and acquires a dome shape. Finally, in stage 3 the EZ looks flat
and, in advanced stages, discontinuous. To calculate this flattening of the ellipsoid layer,
Chen et al. developed a formula called effective foveal outer segment length (eFOSL), which
consists of a subtraction between the distance between the ellipsoid layer and subfoveal
interdigitation minus the distance between the ellipsoid layer and the interdigitation at
three nasal degrees of the fovea [66]. In this study, they demonstrated that affected people
have a lower eFOSL than normal controls, thus quantifying the absence of the bowing
of the EZ [66]. Similar to this formula, Nakamura et al. measured the distance between
the external limiting layer and the RPE (ERT), showing that visual acuity decreased as the
ERT decreased [64]. Central retinal thickness is maintained during the early stages, with
thinning in the late stages [64]. This thinning of the fovea correlates with loss of visual
acuity, as it does in STGD1 and retinitis pigmentosa. It is interesting that the thickness of
the interdigitation layer has been correlated with the foveal amplitude in the multifocal
ERG, indicating that OCT findings explain the functional and electroretinographic results.

8. Conclusions

OCT is an important tool in the diagnosis and management of patients with IRD
(see Table 2). It evaluates the damage of the macular RPE and photoreceptors, which
characterizes MD. It is also important for the identification of accompanying lesions like
drusen and their subtypes, flecks, vitelliform lesions, and the integrity of outer retinal
bands. On the other hand, OCTA is important for diagnosing MNV non-invasively, which
is a frequent and treatable complication of some MDs like BVMD and SFD.

However, more research is needed to improve the differential and early diagnosis of
MD to identify biomarkers of progression and responses to treatment. Imaging methods
play an important role in all these areas.

For example, OCT can support genotype–phenotype correlations (such as those ob-
served for the p.G1961E variant in STGD1), drusen characterization in ADD or SFD to
determine if they are different from those more commonly observed in AMD (and thus, if
OCT can support the clinical differential diagnosis between these entities), or additional
features in OMD to minimize misdiagnosis and unnecessary ancillary testing.
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Table 2. Characteristics of optical coherence tomography in hereditary macular dystrophies.

Stargardt disease

1. Thickening of the ELM
2. Thickening of the RPE/BM complex
3. Optical gap: variant p.G1961E
4. Flecks: hyperreflective material subRPE or intraretinal
5. Atrophy: en face OCT can measure the progression of atrophy
6. Reduced central macular thickness: the lower the thickness,

the lower the BCVA.
7. Different choroidal patterns: reduction in thickness of the Sattler AND Heller

layer worse BVCA
8. Choroidal and retinal hyperreflective foci: the greater the number,

the greater the severity of the disease.

Best vitelliform macular dystrophy

1. EZ integrity: if there is attenuation of the EZ layer, greater progression
and lower BCVA

2. The OPI is a region of the preserved EZ layer associated with better BCVA
3. Thickness ONL: less thickness, more advanced disease
4. Presence of SRF: the replacement of vitelliform material by SRF is associated

with scotomas in microperimetry
5. Hyperreflective foci: the number increases as the disease progresses
6. Reduced choroidal thickness
7. Foveal choroidal excavation

Pattern dystrophies

1. Hyperreflective foci
2. Preserved choroidal thickness
3. Band 2/band 4 ratio increased

Sorsby fundus dystrophy

1. Reticular pseudodrusen
2. BM thickening
3. Thinning of the choriocapillaris
4. Decrease choroidal thickness
5. Separation between RPE/BM: the greater the separation, the more advanced

the disease

Autosomal dominant drusen

1. SubRPE hyperreflective material
2. Separation between RPE/BM: the greater the separation, the more advanced

the disease
3. External tubulations
4. Altered EZ layer is associated with worse BCVA

Occult macular dystrophy

1. EZ erase
2. Interdigitation layer erasure
3. EZ flattening
4. Reduced effective length of the foveal outer segment
5. ERT: distance between the ELM and RPE layer. The shorter the distance, the

lower the BCVA
6. Reduced central macular thickness

ELM: external limiting membrane; RPE: retinal pigment epithelium; BM: Bruch’s membrane; BCVA: Best corrected
visual acuity; EZ: ellipsoid zone; ONL: outer nuclear layer; SRF: subretinal fluid.

We are aware that our study has several limitations. First of all, the availability of
relevant studies and data on inherited macular dystrophies may be limited, leading to
challenges in obtaining a comprehensive overview. Additionally, the understanding of
inherited macular dystrophies and OCT imaging features may have evolved over time.
Older studies may not reflect the current state of knowledge, and the interpretation of
OCT images may have changed with advancements in technology and clinical experience.
The field of OCT is rapidly evolving, with continuous technological advancements. If the
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review does not include the most recent studies or technologies, it may not capture the latest
developments in the OCT imaging of macular dystrophies. Also, studies included in the
review may vary in terms of sample size and the characteristics of the study populations.
Small sample sizes may limit the statistical power of the analysis, and differences in
demographics could affect the generalizability of findings. Moreover, inherited macular
dystrophies encompass a diverse group of disorders with different genetic mutations,
clinical presentations, and disease progressions. This heterogeneity can make it challenging
to draw generalizable conclusions, and results may not apply uniformly to all forms of the
condition. Lastly, it is a literature review, and the quality of individual studies included in
the review can impact the overall reliability of the findings. Issues such as study design,
methodology, and potential biases in data collection and analysis should be considered
when interpreting the results.

Looking ahead, OCT will likely be used for the identification of novel biomarkers
of progression and response to treatment. Given its resolution and ability to provide 3D
visualization, the (semi)automatic quantification of topographic changes in RPE and EZ
thickness and reflectivity is a potential avenue of development. This may benefit from
en face visualization strategies and color-coded maps, which will require the correction of
artifacts and proper automatic segmentation (possibly through the application of artificial
intelligence algorithms.

In summary, OCT plays, and will likely play, a pivotal role in the diagnosis and follow-
up of patients with MD. Multimodal imaging and comprehensive functional testing will
contribute to a deep phenotypic characterization of these entities for the benefit of patients.

Author Contributions: Conceptualization, A.G.-B.; methodology, A.G.-B. and M.B.; validation,
A.G.-B., X.G.-S., E.C., E.L., A.E.-G., S.R., M.V., L.S., and M.B.; formal analysis, A.G.-B. and M.B.;
investigation, A.G.-B., X.G.-S., E.C., E.L., A.E.-G., S.R., M.V., L.S., and M.B.; data curation, A.G.-B.;
writing—original draft preparation, A.G.-B., X.G.-S., E.C., E.L., A.E.-G., S.R., M.V., L.S., and M.B.;
writing—review and editing, A.G.-B. and M.B.; visualization, A.G.-B., X.G.-S., E.C., E.L., A.E.-G., S.R.,
M.V., L.S., and M.B.; supervision, A.G.-B. and M.B.; project administration, A.G.-B. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Huang, D.; Swanson, E.A.; Lin, C.P.; Schuman, J.S.; Stinson, W.G.; Chang, W.; Hee, M.R.; Flotte, T.; Gregory, K.; Puliafito, C.A.; et al.

Optical coherence tomography. Science 1991, 254, 1178–1181. [CrossRef] [PubMed]
2. Bhende, M.; Shetty, S.; Parthasarathy, M.K.; Ramya, S. Optical coherence tomography: A guide to interpretation of common

macular diseases. Indian J. Ophthalmol. 2018, 66, 20–35. [CrossRef] [PubMed]
3. Taubitz, T.; Tschulakow, A.V.; Tikhonovich, M.; Illing, B.; Fang, Y.; Biesemeier, A.; Julien-Schraermeyer, S.; Schraermeyer, U.

Ultrastructural alterations in the retinal pigment epithelium and photoreceptors of a Stargardt patient and three Stargardt mouse
models: Indication for the central role of RPE melanin in oxidative stress. PeerJ 2018, 6, e5215. [CrossRef] [PubMed]

4. Fang, Y.; Tschulakow, A.; Taubitz, T.; Illing, B.; Biesemeier, A.; Julien-Schraermeyer, S.; Radu, R.A.; Jiang, Z.; Schraermeyer, U.
Fundus autofluorescence, spectral-domain optical coherence tomography, and histology correlations in a Stargardt disease mouse
model. FASEB J. 2020, 34, 3693–3714. [CrossRef] [PubMed]

5. Cremers, F.P.M.; Lee, W.; Collin, R.W.J.; Allikmets, R. Clinical spectrum, genetic complexity and therapeutic approaches for retinal
disease caused by ABCA4 mutations. Prog. Retin. Eye Res. 2020, 79, 100861. [CrossRef] [PubMed]

6. Fishman, G.A. Fundus flavimaculatus. A clinical classification. Arch. Ophthalmol. 1976, 94, 2061–2067. [CrossRef] [PubMed]
7. Fujinami, K.; Lois, N.; Mukherjee, R.; McBain, V.A.; Tsunoda, K.; Tsubota, K.; Stone, E.M.; Fitzke, F.W.; Bunce, C.; Moore, A.T.; et al.

A longitudinal study of Stargardt disease: Quantitative assessment of fundus autofluorescence, progression, and genotype
correlations. Investig. Ophthalmol. Vis. Sci. 2013, 54, 8181–8190. [CrossRef]

https://doi.org/10.1126/science.1957169
https://www.ncbi.nlm.nih.gov/pubmed/1957169
https://doi.org/10.4103/ijo.IJO_902_17
https://www.ncbi.nlm.nih.gov/pubmed/29283118
https://doi.org/10.7717/peerj.5215
https://www.ncbi.nlm.nih.gov/pubmed/30038866
https://doi.org/10.1096/fj.201901784RR
https://www.ncbi.nlm.nih.gov/pubmed/31989709
https://doi.org/10.1016/j.preteyeres.2020.100861
https://www.ncbi.nlm.nih.gov/pubmed/32278709
https://doi.org/10.1001/archopht.1976.03910040721003
https://www.ncbi.nlm.nih.gov/pubmed/999551
https://doi.org/10.1167/iovs.13-12104


Diagnostics 2024, 14, 878 18 of 20

8. Lois, N.; Holder, G.E.; Bunce, C.; Fitzke, F.W.; Bird, A.C. Phenotypic subtypes of Stargardt macular dystrophy-fundus flavimacu-
latus. Arch. Ophthalmol. 2001, 119, 359–369. [CrossRef] [PubMed]

9. Burke, T.R.; Yzer, S.; Zernant, J.; Smith, R.T.; Tsang, S.H.; Allikmets, R. Abnormality in the external limiting membrane in early
Stargardt disease. Ophthalmic Genet. 2013, 34, 75–77. [CrossRef]

10. Sadda, S.R.; Guymer, R.; Holz, F.G.; Schmitz-Valckenberg, S.; Curcio, C.A.; Bird, A.C.; Blodi, B.A.; Bottoni, F.; Chakravarthy, U.;
Chew, E.Y.; et al. Consensus Definition for Atrophy Associated with Age-Related Macular Degeneration on OCT: Classification of
Atrophy Report 3. Ophthalmology 2018, 125, 537–548. [CrossRef]

11. Ervin, A.M.; Strauss, R.W.; Ahmed, M.I.; Birch, D.; Cheetham, J.; Ferris, F.L.; Ip, M.S.; Jaffe, G.J.; Maguire, M.G.;
Schönbach, E.M.; et al. A workshop on measuring the progression of atrophy secondary to stargardt disease in the progstar
studies: Findings and lessons learned. Transl. Vis. Sci. Technol. 2019, 8, 16. [CrossRef] [PubMed]

12. Shen, L.L.; Sun, M.; Grossetta Nardini, H.K.; Del Priore, L.V. Natural history of autosomal recessive Stargardt Disease in untreated
eyes: A systematic review and meta-analysis of study- and individual-level data. Ophthalmology 2019, 126, 1288–1296. [CrossRef]
[PubMed]

13. Berisha, F.; Feke, G.T.; Aliyeva, S.; Hirai, K.; Pfeiffer, N.; Hirose, T. Evaluation of macular abnormalities in Stargardt’s disease
us-ing optical coherence tomography and scanning laser ophthalmoscope microperimetry. Graefe’s Arch. Clin. Exp. Ophthalmol.
2009, 247, 303–309. [CrossRef] [PubMed]

14. Noupuu, K.; Lee, W.; Zernant, J.; Tsang, S.H.; Allikmets, R. Structural and genetic assessment of the ABCA4-associated optical
gap phenotype. Investig. Ophthalmol. Vis. Sci. 2014, 55, 7217–7226. [CrossRef] [PubMed]

15. Heath Jeffery, R.C.; Lo, J.; Thompson, J.A.; Lamey, T.M.; McLaren, T.L.; De Roach, J.N.; Ayton, L.N.; Vincent, A.L.; Sharma, A.;
Chen, F.K. Analysis of the outer retinal bands in ABCA4 and PRPH2-associated retinopathy using OCT. Ophthalmol. Retin. 2024,
8, 174–183. [CrossRef]

16. Thiele, S.; Wu, Z.; Isselmann, B.; Pfau, M.; Guymer, R.H.; Luu, C.D. Natural history of the relative ellipsoid zone reflectivity in
age-related macular degeneration. Ophthalmol. Retin. 2022, 6, 1165–1172. [CrossRef] [PubMed]

17. Arrigo, A.; Grazioli, A.; Romano, F.; Aragona, E.; Bordato, A.; di Nunzio, C.; Sperti, A.; Bandello, F.; Parodi, M.B. Choroidal
patterns in Stargardt disease: Correlations with visual acuity and disease progression. J. Clin. Med. 2019, 8, 1388. [CrossRef]
[PubMed]

18. Piri, N.; Nesmith, B.L.W.; Schaal, S. Choroidal hyperreflective foci in Stargardt disease shown by spectral-domain optical
coherence tomography imaging: Correlation with disease severity. JAMA Ophthalmol. 2015, 133, 398–405. [CrossRef] [PubMed]

19. Heath Jeffery, R.C.; Chen, F.K. Macular neovascularization in inherited retinal diseases: A review. Surv. Ophthalmol. 2024, 69, 1–23.
[CrossRef]

20. Mastropasqua, R.; Toto, L.; Borrelli, E.; Di Antonio, L.; Mattei, P.A.; Senatore, A.; Di Nicola, M.; Mariotti, C. Optical coherence
tomography angiography findings in Stargardt disease. PLoS ONE 2017, 12, e0170343. [CrossRef]

21. Strauss, R.W.; Ho, A.; Munoz, B.; Cideciyan, A.V.; Sahel, J.A.; Sunness, J.S.; Birch, D.G.; Bernstein, P.S.; Michaelides, M.;
Traboulsi, E.I.; et al. The natural history of the progression of atrophy secondary to Stargardt disease (ProgStar) studies: Design
and baseline characteristics: ProgStar report no. 1. Ophthalmology 2016, 123, 817–828. [CrossRef] [PubMed]

22. Greenstein, V.C.; Nunez, J.; Lee, W.; Schuerch, K.; Fortune, B.; Tsang, S.H.; Allikmets, R.; Sparrow, J.R.; Hood, D.C. A comparison
of en face optical coherence tomography and fundus autofluorescence in Stargardt disease. Investig. Ophthalmol. Vis. Sci. 2017, 58,
5227–5236. [CrossRef]

23. Boon, C.J.F.; Klevering, B.J.; Leroy, B.P.; Hoyng, C.B.; Keunen, J.E.E.; den Hollander, A.I. The spectrum of ocular phenotypes
caused by mutations in the BEST1 gene. Prog. Retin. Eye Res. 2009, 28, 187–205. [CrossRef] [PubMed]

24. Dalvin, L.A.; Pulido, J.S.; Marmorstein, A.D. Vitelliform dystrophies: Prevalence in Olmsted County, Minnesota, United States.
Ophthalmic Genet. 2017, 38, 143–147. [CrossRef] [PubMed]

25. Lima de Carvalho, J.R.; Paavo, M.; Chen, L.; Chiang, J.; Tsang, S.H.; Sparrow, J.R. Multimodal imaging in Best vitelliform macular
dystrophy. Investig. Ophthalmol. Vis. Sci. 2019, 60, 2012–2022. [CrossRef] [PubMed]

26. Rahman, N.; Georgiou, M.; Khan, K.N.; Michaelides, M. Macular dystrophies: Clinical and imaging features, molecular genetics
and therapeutic options. Br. J. Ophthalmol. 2020, 104, 451–460. [CrossRef] [PubMed]

27. Parodi, M.B.; Iacono, P.; Romano, F.; Bolognesi, G.; Fasce, F.; Bandello, F. Optical coherence tomography in Best vitelliform
macular dystrophy. Eur. J. Ophthalmol. 2017, 27, 201–204. [CrossRef] [PubMed]

28. Qian, C.X.; Charran, D.; Strong, C.R.; Steffens, T.J.; Jayasundera, T.; Heckenlively, J.R. Optical coherence tomography examination
of the retinal pigment epithelium in Best Vitelliform Macular Dystrophy. Ophthalmology 2017, 124, 456–463. [CrossRef]

29. Romano, F.; Arrigo, A.; Leone, P.P.; Bandello, F.; Battaglia Parodi, M. Short-term modifications of ellipsoid zone in best vitelliform
macular dystrophy. Retina 2021, 41, 1010–1017. [CrossRef]

30. Augstburger, E.; Orès, R.; Mohand-Said, S.; Mrejen, S.; Keilani, C.; Antonio, A.; Condroyer, C.; Andrieu, C.; Sahel, J.-A.;
Zeitz, C.; et al. Outer retinal alterations associated with visual outcomes in Best Vitelliform Macular Dystrophy. Am. J. Ophthalmol.
2019, 208, 429–437. [CrossRef]

31. Battaglia Parodi, M.; Bianco, L.; Arrigo, A.; Saladino, A.; Antropoli, A.; Pina, A.; Marchese, A.; Aragona, E.; Rashid, H.F.;
Bandello, F. Clinical correlation between optical coherence tomography biomarkers and retinal sensitivity in Best Vitelliform
Macular Dystrophy. Transl. Vis. Sci. Technol. 2022, 11, 24. [CrossRef] [PubMed]

https://doi.org/10.1001/archopht.119.3.359
https://www.ncbi.nlm.nih.gov/pubmed/11231769
https://doi.org/10.3109/13816810.2012.707271
https://doi.org/10.1016/j.ophtha.2017.09.028
https://doi.org/10.1167/tvst.8.2.16
https://www.ncbi.nlm.nih.gov/pubmed/31019847
https://doi.org/10.1016/j.ophtha.2019.05.015
https://www.ncbi.nlm.nih.gov/pubmed/31227323
https://doi.org/10.1007/s00417-008-0963-8
https://www.ncbi.nlm.nih.gov/pubmed/18941768
https://doi.org/10.1167/iovs.14-14674
https://www.ncbi.nlm.nih.gov/pubmed/25301883
https://doi.org/10.1016/j.oret.2023.05.010
https://doi.org/10.1016/j.oret.2022.06.001
https://www.ncbi.nlm.nih.gov/pubmed/35709960
https://doi.org/10.3390/jcm8091388
https://www.ncbi.nlm.nih.gov/pubmed/31491905
https://doi.org/10.1001/jamaophthalmol.2014.5604
https://www.ncbi.nlm.nih.gov/pubmed/25590640
https://doi.org/10.1016/j.survophthal.2023.07.007
https://doi.org/10.1371/journal.pone.0170343
https://doi.org/10.1016/j.ophtha.2015.12.009
https://www.ncbi.nlm.nih.gov/pubmed/26786511
https://doi.org/10.1167/iovs.17-22532
https://doi.org/10.1016/j.preteyeres.2009.04.002
https://www.ncbi.nlm.nih.gov/pubmed/19375515
https://doi.org/10.1080/13816810.2016.1175645
https://www.ncbi.nlm.nih.gov/pubmed/27120116
https://doi.org/10.1167/iovs.19-26571
https://www.ncbi.nlm.nih.gov/pubmed/31070670
https://doi.org/10.1136/bjophthalmol-2019-315086
https://www.ncbi.nlm.nih.gov/pubmed/31704701
https://doi.org/10.5301/ejo.5000878
https://www.ncbi.nlm.nih.gov/pubmed/28233888
https://doi.org/10.1016/j.ophtha.2016.11.022
https://doi.org/10.1097/IAE.0000000000002977
https://doi.org/10.1016/j.ajo.2019.08.011
https://doi.org/10.1167/tvst.11.9.24
https://www.ncbi.nlm.nih.gov/pubmed/36156730


Diagnostics 2024, 14, 878 19 of 20

32. Parodi, M.B.; Romano, F.; Sacconi, R.; Casati, S.; Marchini, G.; Bandello, F.; Iacono, P. Intraretinal hyperreflective foci in best
vitelliform macular dystrophy. Retina 2018, 38, 2379–2386. [CrossRef] [PubMed]

33. Chen, K.C.; Jung, J.J.; Curcio, C.A.; Balaratnasingam, C.; Gallego-Pinazo, R.; Dolz-Marco, R.; Freund, K.B.; Yannuzzi, L.A.
Intraretinal hyperreflective foci in acquired vitelliform lesions of the macula: Clinical and histologic study. Am. J. Ophthalmol.
2016, 164, 89–98. [CrossRef] [PubMed]

34. Battaglia Parodi, M.; Sacconi, R.; Iacono, P.; Del Turco, C.; Bandello, F. Choroidal thickness in best vitelliform macular dystrophy.
Retina 2016, 36, 764–769. [CrossRef] [PubMed]

35. Wei, X.; Roy, R.; Saurabh, K.; Sen, P.; Bhende, M.; Shelke, K.; Finocchio, L.; Sodi, A.; Virgili, G.; Invernizzi, A.; et al. Optical coher-
ence tomography-based choroidal structural analysis and vascularity index in Best vitelliform macular dystrophy. Ophthalmol.
Ther. 2022, 11, 2141–2152. [CrossRef] [PubMed]

36. Coussa, R.G.; Fortenbach, C.R.; Critser, D.B.; Collins, M.M.; Tucker, B.A.; Mullins, R.F.; Sohn, E.H.; Stone, E.M.; Han, I.C.
Correlation of features on OCT with visual acuity and Gass lesion type in Best vitelliform macular dystrophy. BMJ Open
Ophthalmol. 2021, 6, e000860. [CrossRef] [PubMed]

37. Wang, X.N.; You, Q.S.; Li, Q.; Li, Y.; Mao, Y.; Hu, F.; Zhao, H.Y.; Tsai, F.F.; Peng, X.Y. Findings of optical coherence tomography
angiography in Best vitelliform macular dystrophy. Ophthalmic Res. 2018, 60, 214–220. [CrossRef] [PubMed]

38. Zhang, K.; Garibaldi, D.C.; Li, Y.; Richard Green, W.; Zack, D.J. Butterfly-shaped pattern dystrophy: A genetic, clinical, and
histopathological report. Arch. Ophthalmol. 2002, 120, 485–490. [CrossRef] [PubMed]

39. Francis, P.J.; Schultz, D.W.; Gregory, A.M.; Schain, M.B.; Barra, R.; Majewski, J.; Ott, J.; Acott, T.; Weleber, R.G.; Klein, M.L. Genetic
and phenotypic heterogeneity in pattern dystrophy. Br. J. Ophthalmol. 2005, 89, 1115–1119. [CrossRef]

40. Hannan, S.R.; De Salvo, G.; Stinghe, A.; Shawkat, F.; Lotery, A.J. Common spectral domain OCT and electrophysiological findings
in different pattern dystrophies. Br. J. Ophthalmol. 2013, 97, 605–610. [CrossRef]

41. Querques, G.; Forte, R.; Querques, L.; Massamba, N.; Souied, E.H. Natural course of adult-onset foveomacular vitelliform
dystrophy: A spectral-domain optical coherence tomography analysis. Am. J. Ophthalmol. 2011, 152, 304–313. [CrossRef]
[PubMed]

42. Casillo, L.; Tricarico, S.; Contento, L.; Vingolo, E.M. Clinical Features, Prognosis, and Long-Term Response to Ranibizumab of
Macular CNVs in Pattern Dystrophies Spectrum: A Pilot Study. J. Ophthalmol. 2021, 16, 6698522. [CrossRef] [PubMed]

43. Mimoun, G.; Caillaux, V.; Querques, G.; Rothschild, P.R.; Puche, N.; Souied, E.H. Ranibizumab for choroidal neovascularization
associated with adult-onset foveomacular vitelliform dystrophy: One-year results. Retina 2013, 33, 513–521. [CrossRef] [PubMed]

44. Weber, B.H.F.; Vogt, G.; Pruett, R.C.; Stöhr, H.; Felbor, U. Mutations in the tissue inhibitor of met-alloproteinases-3 (TIMP3) in
patients with Sorsby’s fundus dystrophy. Nat. Genet. 1994, 8, 352–356. [CrossRef] [PubMed]

45. Jacobson, S.G.; Cideciyan, A.V.; Regunath, G.; Rodriguez, F.J.; Vandenburgh, K.; Sheffield, V.C.; Stone, E.M. Night blindness in
Sorsby’s fundus dystrophy reversed by vitamin A. Nat. Genet. 1995, 11, 27–32. [CrossRef] [PubMed]

46. Anand-Apte, B.; Chao, J.R.; Singh, R.; Stöhr, H. Sorsby fundus dystrophy: Insights from the past and looking to the future.
J. Neurosci. Res. 2019, 97, 88–97. [CrossRef] [PubMed]

47. Raming, K.; Gliem, M.; Charbel Issa, P.; Birtel, J.; Herrmann, P.; Holz, F.G.; Pfau, M.; Hess, K. Visual dysfunction and structural
correlates in Sorsby fundus dystrophy. Am. J. Ophthalmol. 2022, 234, 274–284. [CrossRef]

48. Sivaprasad, S.; Webster, A.R.; Egan, C.A.; Bird, A.C.; Tufail, A. Clinical course and treatment outcomes of Sorsby fundus dystrophy.
Am. J. Ophthalmol. 2008, 146, 228–234. [CrossRef] [PubMed]

49. Gliem, M.; Muller, P.L.; Mangold, E.; Holz, F.G.; Bolz, H.J.; Stohr, H.; Weber, B.H.F.; Issa, P.C. Sorsby fundus dystrophy: Novel
mutations, novel phenotypic characteristics, and treatment outcomes. Investig. Ophthalmol. Vis. Sci. 2015, 56, 2664–2676.
[CrossRef]

50. Iyer, P.G.; Zhou, H.; Zhang, Q.; Chu, Z.; Shen, M.; Shi, Y.; Liu, J.B.; Trivizki, O.; Lam, B.L.; Wang, R.K.; et al. Swept-source optical
coherence tomography detection of bruch membrane and choriocapillaris abnormalities in sorsby macular dystrophy. Retina
2022, 42, 1645–1654. [CrossRef]

51. Hess, K.; Raming, K.; Gliem, M.; Charbel Issa, P.; Herrmann, P.; Holz, F.G.; Pfau, M. Choriocapillaris flow signal impairment in
sorsby fundus dystrophy. Ophthalmologica 2022, 245, 265–274. [CrossRef] [PubMed]

52. Khan, K.N.; Borooah, S.; Lando, L.; Dans, K.; Mahroo, O.A.; Meshi, A.; Kalitzeos, A.; Agorogiannis, G.; Moghimi, S.;
Freeman, W.R.; et al. Quantifying the separation between the retinal pigment epithelium and bruch’s membrane using op-
tical coherence tomography in patients with inherited macular degeneration. Transl. Vis. Sci. Technol. 2020, 9, 26. [CrossRef]
[PubMed]

53. Keller, J.; Giralt, J.; Alforja, S.; Casaroli-Marano, R.P. Altering the clinical course of Sorsby fundus dystrophy with the use of
anti-vascular endothelial growth factor intraocular therapy. Retin. Cases Brief. Rep. 2015, 9, 104–105. [CrossRef] [PubMed]

54. Mohla, A.; Khan, K.; Kasilian, M.; Michaelides, M. OCT angiography in the management of choroidal neovascular membrane
secondary to Sorsby fundus dystrophy. BMJ Case Rep. 2016, 2016, 216453. [CrossRef] [PubMed]

55. Chatziralli, I.; Theodossiadis, G.; Panagiotidis, D.; Pousoulidi, P.; Theodossiadis, P. Choriocapillaris’ alterations in the presence of
reticular pseudodrusen compared to drusen: Study based on OCTA findings. Int. Ophthalmol. 2018, 38, 1887–1893. [CrossRef]
[PubMed]

https://doi.org/10.1097/IAE.0000000000001893
https://www.ncbi.nlm.nih.gov/pubmed/29065010
https://doi.org/10.1016/j.ajo.2016.02.002
https://www.ncbi.nlm.nih.gov/pubmed/26868959
https://doi.org/10.1097/IAE.0000000000000759
https://www.ncbi.nlm.nih.gov/pubmed/26447398
https://doi.org/10.1007/s40123-022-00567-y
https://www.ncbi.nlm.nih.gov/pubmed/36153433
https://doi.org/10.1136/bmjophth-2021-000860
https://www.ncbi.nlm.nih.gov/pubmed/34993349
https://doi.org/10.1159/000487488
https://www.ncbi.nlm.nih.gov/pubmed/29656284
https://doi.org/10.1001/archopht.120.4.485
https://www.ncbi.nlm.nih.gov/pubmed/11934323
https://doi.org/10.1136/bjo.2004.062695
https://doi.org/10.1136/bjophthalmol-2011-301257
https://doi.org/10.1016/j.ajo.2011.01.047
https://www.ncbi.nlm.nih.gov/pubmed/21664595
https://doi.org/10.1155/2021/6698522
https://www.ncbi.nlm.nih.gov/pubmed/33953968
https://doi.org/10.1097/IAE.0b013e3182753adb
https://www.ncbi.nlm.nih.gov/pubmed/23400081
https://doi.org/10.1038/ng1294-352
https://www.ncbi.nlm.nih.gov/pubmed/7894485
https://doi.org/10.1038/ng0995-27
https://www.ncbi.nlm.nih.gov/pubmed/7550309
https://doi.org/10.1002/jnr.24317
https://www.ncbi.nlm.nih.gov/pubmed/30129971
https://doi.org/10.1016/j.ajo.2021.07.032
https://doi.org/10.1016/j.ajo.2008.03.024
https://www.ncbi.nlm.nih.gov/pubmed/18501328
https://doi.org/10.1167/iovs.14-15733
https://doi.org/10.1097/IAE.0000000000003515
https://doi.org/10.1159/000520931
https://www.ncbi.nlm.nih.gov/pubmed/34844251
https://doi.org/10.1167/tvst.9.6.26
https://www.ncbi.nlm.nih.gov/pubmed/32821523
https://doi.org/10.1097/ICB.0000000000000103
https://www.ncbi.nlm.nih.gov/pubmed/25383845
https://doi.org/10.1136/bcr-2016-216453
https://www.ncbi.nlm.nih.gov/pubmed/27587748
https://doi.org/10.1007/s10792-017-0671-7
https://www.ncbi.nlm.nih.gov/pubmed/28779271


Diagnostics 2024, 14, 878 20 of 20

56. Stone, E.M.; Lotery, A.J.; Munier, F.L.; Héon, E.; Piguet, B.; Guymer, R.H.; Vandenburgh, K.; Cousin, P.; Nishimura, D.;
Swiderski, R.E.; et al. A single EFEMP1 mutation associated with both Malattia Leventinese and Doyne honeycomb retinal
dystrophy. Nat. Genet. 1999, 22, 199–202. [CrossRef] [PubMed]

57. Gerber, D.M.; Munier, F.L.; Niemeyer, G. Cross-sectional study of visual acuity and electroretinogram in two types of dominant
drusen. Investig. Ophthalmol. Vis. Sci. 2003, 44, 493–496. [CrossRef] [PubMed]

58. Souied, E.H.; Leveziel, N.; Querques, G.; Darmon, J.; Coscas, G.; Soubrane, G. Indocyanine green angiography features of Malattia
leventinese. Br. J. Ophthalmol. 2006, 90, 296–300. [CrossRef]

59. Querques, G.; Guigui, B.; Leveziel, N.; Querques, L.; Bandello, F.; Souied, E.H. Multimodal morphological and functional
characterization of Malattia Leventinese. Graefe’s Arch. Clin. Exp. Ophthalmol. 2013, 251, 705–714. [CrossRef]

60. Zweifel, S.A.; Maygar, I.; Berger, W.; Tschuor, P.; Becker, M.; Michels, S. Multimodal imaging of autosomal dominant drusen. Klin.
Monbl. Augenheilkd. 2012, 229, 399–402. [CrossRef]

61. Serra, R.; Coscas, F.; Messaoudi, N.; Srour, M.; Souied, E. Choroidal neovascularization in malattia leventinese diagnosed using
optical coherence tomography angiography. Am. J. Ophthalmol. 2017, 176, 108–117. [CrossRef] [PubMed]

62. Fujinami, K.; Kameya, S.; Kikuchi, S.; Ueno, S.; Kondo, M.; Hayashi, T.; Shinoda, K.; Machida, S.; Kuniyoshi, K.;
Kawamura, Y.; et al. Novel RP1L1 variants and genotype-photoreceptor microstructural phenotype associations in co-
hort of japanese patients with occult macular dystrophy. Investig. Ophthalmol. Vis. Sci. 2016, 57, 4837–4846. [CrossRef]
[PubMed]

63. Fujinami, K.; Yang, L.; Joo, K.; Tsunoda, K.; Kameya, S.; Hanazono, G.; Fujinami-Yokokawa, Y.; Arno, G.; Kondo, M.;
Nakamura, N.; et al. Clinical and genetic characteristics of east Asian patients with occult macular dystrophy (Miyake dis-
ease): East Asia occult macular dystrophy studies report number 1. Ophthalmology 2019, 126, 1432–1444. [CrossRef] [PubMed]

64. Nakamura, N.; Tsunoda, K.; Mizuno, Y.; Usui, T.; Hatase, T.; Ueno, S.; Kuniyoshi, K.; Hayashi, T.; Katagiri, S.; Kondo, M.; et al.
Clinical stages of occult macular dystrophy based on optical coherence tomographic findings. Investig. Ophthalmol. Vis. Sci. 2019,
60, 4691–4700. [CrossRef]

65. Kato, Y.; Hanazono, G.; Fujinami, K.; Hatase, T.; Kawamura, Y.; Iwata, T.; Miyake, Y.; Tsunoda, K. Parafoveal photoreceptor
abnormalities in asymptomatic patients with RP1L1 mutations in families with occult macular dystrophy. Investig. Ophthalmol.
Vis. Sci. 2017, 58, 6020–6029. [CrossRef]

66. Chen, C.J.; Scholl, H.P.; Birch, D.G.; Iwata, T.; Miller, N.R.; Goldberg, M.F. Characterizing the phenotype and genotype of a family
with occult macular dystrophy. Arch. Ophthalmol. 2012, 130, 1554–1559. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1038/9722
https://www.ncbi.nlm.nih.gov/pubmed/10369267
https://doi.org/10.1167/iovs.01-0787
https://www.ncbi.nlm.nih.gov/pubmed/12556373
https://doi.org/10.1136/bjo.2005.081802
https://doi.org/10.1007/s00417-012-2106-5
https://doi.org/10.1055/s-0031-1299404
https://doi.org/10.1016/j.ajo.2016.12.027
https://www.ncbi.nlm.nih.gov/pubmed/28088509
https://doi.org/10.1167/iovs.16-19670
https://www.ncbi.nlm.nih.gov/pubmed/27623337
https://doi.org/10.1016/j.ophtha.2019.04.032
https://www.ncbi.nlm.nih.gov/pubmed/31028767
https://doi.org/10.1167/iovs.19-27486
https://doi.org/10.1167/iovs.17-21969
https://doi.org/10.1001/archophthalmol.2012.2683

	Introduction 
	Stargardt Disease 
	Best Vitelliform Macular Dystrophy 
	Pattern Dystrophies 
	Sorsby Fundus Dystrophy 
	Autosomal Dominant Drusen 
	Occult Macular Dystrophy 
	Conclusions 
	References

