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ABSTRACT

Inherited retinal dystrophies (IRD) are a heteroge-
neous group of rare chronic disorders caused by
genetically determined degeneration of photore-
ceptors and retinal pigment epithelium cells.
Ultra-widefield (UWF) imaging is a useful diag-
nostic tool for evaluating retinal integrity in IRD,
including Stargardt disease, retinitis pigmentosa,
cone dystrophies, and Best vitelliform dystrophy.
Color or pseudocolor and fundus autofluorescence
images obtained with UWF provide previously
unavailable information on the retinal periphery,
which correlates well with visual field measure-
ment or electroretinogram. Despite unavoidable
artifacts of the UWF device, the feasibility of
investigations in infants and in patients with poor
fixation makes UWF imaging a precious resource
in the diagnostic armamentarium for IRD.
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Key Summary Points

Inherited retinal dystrophies (IRD) are a
heterogeneous group of rare chronic
disorders caused by genetically determined
degeneration of photoreceptors or retinal
pigment epithelium (RPE) cells.

Color and fundus autofluorescence ultra-
widefield (UWF) imaging have added
novel insights in the interpretation of
both macular and peripheral changes
occurring in IRD.

UWF imaging aids in the diagnosis and
monitoring of patients with IRD; UWF
changes correlate well with functional
damage on visual field test and
electroretinogram.

Advantages of digital UWF imaging
systems include enhanced resolution,
easier acquisition with non-compliant
patients (i.e., children), and avoidance of
pupil dilation.

Future investigations on
structure–function and
phenotype–genotype correlations using
UWF will increase our understanding of
the complex spectrum of IRD.

Enhanced digital features To view enhanced digital
features for this article go to https://doi.org/10.6084/
m9.figshare.11882325.
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INTRODUCTION

Inherited retinal dystrophies (IRD) are a
heterogeneous group of rare chronic disorders
caused by genetically determined degeneration
of photoreceptors or retinal pigment epithelium
(RPE) cells. IRD are heterogeneous in terms of
onset of symptoms and severity of clinical
manifestations. IRD can be clinically catego-
rized into four groups: rod-dominant diseases,
cone-dominant diseases, generalized retinal
degenerations, and vitreoretinal disorders [1, 2].
An additional group of IRD includes pure mac-
ular diseases, namely Stargardt disease (STGD1),
pattern dystrophy, Best vitelliform dystrophy
(BVD), Sorsby disease, North Carolina dystro-
phy, and Doyne honeycomb dystrophy [3].

Specific complaints, age of onset, inheritance
pattern, and electro-functional tests (such as
full-field electroretinogram (ERG) and multifo-
cal ERG) may suggest the site of retinal dys-
function and, in specific cases, the gene defect.

There is currently no specific treatment for
any form of retinal dystrophy; antioxidant
drugs, such as lutein, photoprotection, and low-
vision aids are the only therapeutic alternatives
offered nowadays. Nevertheless, early diagnosis
and better characterization are important for
accurate information on prognosis, genetic
counseling, and gene-targeted therapeutic
options available in the future. The aim of the
present narrative review is to elucidate the role
of non-invasive imaging in IRD, focusing on
widefield (WF) and ultra-widefield (UWF)
imaging devices. This article is based on previ-
ously conducted studies and does not contain
any studies with human participants or animals
performed by any of the authors.

NON-INVASIVE IMAGING
AND WIDEFIELD APPLICATION
IN IRD

Fundus autofluorescence (FAF) is one of the
most informative techniques in patients with
IRD. Two types of FAF are mostly used in clini-
cal practice: short wavelength autofluorescence
(SW-FAF), with an emitting light of 488 nm, is

specific for lipofuscin, and near-infrared aut-
ofluorescence (NIR-FAF), with an emitting light
of 787 nm, is specific for melanin. The changes
on SW- and NIR-FAF provide useful information
about the pathophysiology of IRD. SW-FAF
shows hyper-autofluorescence in the case of
lipofuscin buildup [4] or outer retinal disrup-
tion [5]; on the other hand, hypo-autofluores-
cence corresponds to areas of RPE loss (as RPE
atrophy) or masquerading of normal RPE aut-
ofluorescence (such as pigment clumping)
[6–8]. SW-FAF signal may also transiently
increase after blue light exposure; this phe-
nomenon has been called photobleaching. The
optical pigments of photoreceptors normally
absorb light in the same spectrum of SW-FAF;
illumination with blue light induces an iso-
merization of the optical pigments from the
11-cis to all-trans conformation, resulting in a
temporary loss of their absorption properties
[9]. Photobleaching might differ between heal-
thy and diseased eyes, including intermediate
age-related macular degeneration [10] and IRD
[11].

Fundus fluorescein angiography (FFA) and
indocyanine green angiography (ICGA) evalu-
ate the retinal and choroidal perfusion [12] and
the presence of rare complications of IRD, such
as cystoid macular edema (CME) or choroidal
neovascularization (CNV) [13]. While they are
useful at the first diagnosis, they are poorly
applicable in monitoring patients with IRD.

Optical coherence tomography (OCT) asses-
ses the state of the vitreoretinal interface, the
inner retinal layers, the photoreceptors, and the
RPE; OCT also confirms the presence of specific
features, including vitelliform accumulation in
Best disease, flecks in STGD1, and foveal cavi-
tation in certain cone-rod dystrophies [14, 15].
OCT angiography (OCTA) has added novel
insights in the interpretation of vascular chan-
ges occurring in the macula in patients with
IRDs. OCTA combines information from mor-
phology and perfusion at the level of the
superficial capillary plexus and the deep capil-
lary plexus of the inner retina, at the chorio-
capillaris, and the choroidal layer. OCTA has
shown interesting changes in a wide variety of
IRD, including STGD1 [16], retinitis pigmentosa
(RP) [17], and BVD [18]. Whereas the scanning

250 Ophthalmol Ther (2020) 9:249–263



range of most commercially available OCTA
devices is still limited to the posterior pole,
technical advances now allow scanning of lar-
ger areas of the retina (up to 80�) by montage of
multiple scans [19, 20]. A swept-source OCTA
device (PlexElite, Carl Zeiss Meditec, Dublin,
CA, USA) has been applied to investigate the
grade of peripheral perfusion impairment in
patients with RP [21]; further studies are needed
to clarify the peripheral vascular involvement in
other IRDs.

Traditional fundus retinography and fluo-
rangiographic photograms include only the
central 30� or 55� of the retina; this field of view
is optimal for detecting pathologic changes of
the optic nerve head, the papillary region, and
the macula, but is inadequate for the imaging of
the medium-far and of the very-far retinal
periphery. In recent years, dedicated non-my-
driatic wide-angle digital cameras have been
developed to obtain UWF imaging of the retina,
including the Optos Optomap� (Dumfermline,
Scotland, UK), the ZEISS Clarus 500 (Dublin,
USA) [22], and the Centervue Eidon device
(Padova, Italy) [23]. UWF imaging allows
simultaneous evaluation of the peripheral and
central retina without the requirement of eye
steering; UWF imaging has revealed interesting
details about peripheral retinal lesions in IRDs
[24, 25].

Advantages of digital UWF imaging systems
include enhanced resolution, short image
acquisition and processing time, the possibility
of image manipulation and transmission, good-
quality capturing in eyes with cataract or media
opacities, easier procedure with non-compliant
pediatric patients, and avoidance of pupil dila-
tion [26, 27]. UWF systems combine standard
fundus photography (either true color or pseu-
docolor) with other retinal investigations,
namely FFA, ICGA, red-free filter, and FAF.
While confocal scanning laser ophthalmoscopy
(cSLO) such as the Heidelberg Spectralis oper-
ates with SW-FAF and NIR-FAF filters only, UWF
devices are coupled with novel technologies for
FAF signal generation. Optos Optomap is
embedded with a green-light autofluorescence
(excitation 518 nm); as green-light autofluores-
cence has a smaller rate of absorption by mac-
ular pigments, it better discriminates FAF

anomalies in the perifoveal retina [28]. Eidon
contains a ‘‘true color’’ confocal scanner which
captures images with three different sources:
LED (440–650 nm), infrared (825–870 nm), and
blue light (440–475 nm). The Eidon system
separates short and long FAF emission wave-
lengths, obtaining a spectrally resolved FAF or
color-FAF [29–31]. This imaging technique has
revealed interesting new details in patients with
IRD [32].

STARGARDT DISEASE

STGD1 is a recessive inherited disease with an
incidence of 8–10 per 100,000 persons, caused
by autosomal mutations in the ABCA4,
ELOVL4, or PROM1 genes [33, 34]. The pathog-
nomonic features of STGD1 include yellow or
white fish-shaped flecks and photoreceptors,
RPE, and choriocapillaris atrophy at the poste-
rior pole. STGD1 is a progressive disease; how-
ever, the rate of disease progression changes
varies considerably between subjects [35]. The
number of flecks tends to increase with time
with a radial, centrifugal pattern; indeed, UWF
imaging is able to show lesions extending
beyond the vascular arcades, in contrast to
conventional imaging (Fig. 1). Both SW-FAF
and NIR-FAF are reliable techniques for moni-
toring the progression of the disease [36, 37].
Moreover, spectrally resolved FAF allowed the
distinction of two types of flecks: the first type is
located centrally and shows green emission
fluorescent component (500–560 nm) and dis-
ruption of outer retinal bands on OCT; the
other type is located mainly peripherally and
shows red emission fluorescent component
(560–700 nm) and only minor alterations of
outer retinal layers on OCT [32]. RPE atrophy
can also spread outside the vascular arcades in
later stages of STGD1 disease, sparing the peri-
papillary region (Fig. 2) [38, 39].

A novel classification of UWF FAF patterns in
STGD1 has been published and is based on the
distribution of flecks and RPE atrophy extension
(Table 1) [40]. UWF imaging is particularly use-
ful in characterizing the type III pattern, in
which RPE atrophy extends towards the equa-
tor. The type III pattern has the worst prognosis:
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it is associated with severe alterations on OCT
and vascular capillary damage in the central
retina on OCTA, compared with other patterns
[41]. Moreover, patients with widespread dis-
ease on UWF imaging present with a greater
constriction of peripheral isopters, more dys-
function on ERG, and worse best corrected
visual acuity (BCVA) compared to patients with
disease confined to the macula [42].

Less frequent findings have been described
on UWF FAF, including a hyper-autofluorescent
ring at the transition between diseased and
healthy retina, an oval-shaped hyper-autofluo-
rescence outside the arcades, and mottled
peripheral FAF changes (Fig. 3) [43]. Recently,
peripheral pigmented retinal lesions resembling
congenital hypertrophy of the RPE (CHRPE)
have also been reported in patients with STGD1
[44, 45]. Patients with peripheral pigmented
hypertrophy featured decreased visual acuity,
large central scotomas, abnormal ERG, and
more widespread involvement of the peripheral

retina compared with patients without CHRPE-
like lesions.

In conclusion, UWF imaging has allowed a
shifting paradigm in STGD1 and other ABCA4-
related diseases from a pure macular dystrophy
to a more generalized affection. Although
STGD1 predominantly involves the macula in
the first stages, significant retinal changes
extend to the periphery with the progression of
the disease. According to some authors, type III
STGD1 with peripheral involvement represents
a different phenotype of STGD1 rather than a
progression of center-involving disease.

RETINITIS PIGMENTOSA
AND PIGMENTARY DYSTROPHIES

The term retinitis pigmentosa (RP) embraces a
heterogeneous group of inherited dystrophies
characterized by progressive degeneration of
rods and secondary involvement of cones. RP

Fig. 1 Ultra-widefield fundus autofluorescence of a
patient with Stargardt disease. a, b Diffuse, symmetrical
hyper- and hypo-autofluorescent lesions involve the pos-
terior pole and extend far beyond the vascular arcades.
Conventional imaging might miss the peripheral flecks.

Moreover, UWF imaging allows for objective disease
classification (see text for details). c, d Optical coherence
tomography of the macular region, disclosing atrophy of
the outer retinal layers subfoveally
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can be inherited as autosomal dominant, auto-
somal recessive, or X-linked disease; rarely, it
can originate from spontaneous mutations [46].

Night blindness and peripheral visual field
defect are the most common symptoms at the
onset of RP; gradual central visual acuity loss

Table 1 Ultra-widefield classification of Stargardt disease (STGD1) based on ultra-widefield fundus autofluorescence
(Adapted from Klufas et al. [40])

STGD1 phenotype Description

Type I Central atrophy

Flecks confined to posterior pole

No alterations outside 55� field of view

Type II Central atrophy

Flecks extending outside posterior pole

Type III Central atrophy

Extramacular flecks

Atrophy extending outside posterior pole

Type IIIA Mild/moderate atrophy (punctate pattern) extending to or beyond equator

Type IIIB Severe atrophy extending from macula to equator

Type IIIC Extensive atrophy extending anterior to equator

Fig. 2 Peripapillary sparing on fundus autofluorescence in
a patient with Stargardt disease. a, b Ultra-widefield
pseudocolor and green-light fundus autofluorescence.
c Optical coherence tomography of the macula, disclosing

extensive atrophy of the photoreceptors and the retinal
pigment epithelium (RPE). d Short-wavelength fundus
autofluorescence performed the year before, showing a
smaller area of RPE atrophy at the posterior pole
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may take place in advanced stages. The patho-
genesis of RP is complex: loss of photoreceptors
is accompanied by changes in the RPE and
retinal glia; ultimately, the inner retinal neu-
rons, blood vessels, and the optic nerve head are
affected. Pigment clumping in the mid and
extreme periphery, vessel attenuation, and CME
are the typical fundus findings.

UWF imaging is revealed a precious tool to
diagnose and monitor patients suffering from
RP; a complex grading of RP changes has been
recently proposed that is based on UWF FAF
(Table 2) [25]. Different phenotypes of
decreased autofluorescence (DAF) have been
described in RP; patients with widespread DAF
(grade 4) (especially if featuring nummular
DAF) are significantly older than other groups
(Fig. 4) [25].

Patients with RP exhibit a ring of perifoveal
hyper-autofluorescence; this line is thought to
be the landmark between preserved central

fovea and diseased retina [47–49]. The area
external to this ring correlates with the extent
of visual field damage [50–52]. UWF FAF has a
greater predictive value for estimating residual
retinal sensitivity than OCT [52]; in fact, hypo-
autofluorescence on UWF FAF correlates with
functional scotomas on Goldmann perimetry
with an agreement of 91%, whereas normal
autofluorescence corresponds to normal visual
fields with an agreement of 85% [53].

In selected cases, UWF imaging also allows
genotypic/phenotypic correlation in patients
with RP. Patients with RHO, USH2A, CEP290,
RPGRIP1, and RPGR mutations usually show a
prominent hyper-autofluorescent ring at the
macula; patients with PRPF31 mutations show a
similar ring of autofluorescence in the macula
and a circular pattern of coarse DAF in the mid-
periphery [25]. A second ring of macular hyper-
autofluorescence has been found in patients
with USH2A mutations. A peripheral patchy

Fig. 3 Peripheral changes on ultra-widefield imaging in a
patient with Stargardt disease and concurrent diabetic
retinopathy. a, b Fundus fluorescein angiography showing
extensive window effect at the posterior pole and coales-
cent areas of retinal non-perfusion in the periphery. c,

d Pseudocolor and green-light fundus autofluorescence
disclose macular hypo-autofluorescence due to retinal
pigment epithelium atrophy. In the temporal periphery, a
sharp shift from normal fluorescence to diffuse hypo-
autofluorescence is noticeable (only right eye shown)
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pattern of hyper/hypo-autofluorescence has
been described in patients with RHO or RPGR
mutations, while diffuse hypo-autofluorescence
is distinctive for USH2A or RDS/PRPH2 muta-
tions [54]. Patients with X-linked RP present
radial hyper-autofluorescence starting from the
mid-periphery and pointing towards the poste-
rior pole [55, 56]. Finally, one patient with CRB1
mutation demonstrated para-arterial preserva-
tion of the RPE [25].

Pigmented paravenous retinochoroidal atro-
phy (PPRCA) is a rare retinal dystrophy charac-
terized by bilateral retinal and RPE atrophy and
pigment clumping along the large retinal veins;
PPRCA is part of the spectrum of RP [57, 58].
The diagnosis is clinical and its exact patho-
genesis is not clear. On UWF pseudocolor pho-
tographs, pigment appears as bone spicule,
coarse clumps, or fine granular accumulations
starting from the optic disc and expanding into
the mid-periphery [59]. UWF FAF shows well-
demarcated perivenular hypo-autofluorescence
corresponding to RPE atrophy and pigmenta-
tion (Fig. 5) [59]. A crescent-like hyper-autoflu-
orescent demarcation can be noticed at the
border between the normal and affected retina
or along the retinal veins, with or without
central hypo-autofluorescence (Fig. 5) [60].
Widefield OCTA revealed a relative sparing of
the retinal capillary plexuses (superficial and
deep), with diffuse defects in the choriocapil-
laris corresponding to RPE atrophy [61].

CONE DYSTROPHIES

Cone dystrophies (CDs) and cone-rod dystro-
phies (CRDs) are the most common hereditary
cone disorders [62]; CRDs differ from CDs in
terms of the impairment of rod function from

Table 2 Ultra-widefield classification of retinitis pigmen-
tosa (RP) based on ultra-widefield fundus autofluorescence
(Adapted from Hariri et al. [25])

RP
changes

Description

Macular abnormal autofluorescence

Grade 0 Neither ring nor central abnormal

autofluorescence

Grade 1 Abnormal ring autofluorescence

Grade 2 Abnormal central autofluorescence

Presence of radial hyper-autofluorescence

Present

Absent

Extension of DAF

Grade 0 No DAF

Grade 1 Far peripheral DAF (outside of 7 standard

ETDRS fields)

Grade 2 Central DAF (ETDRS fields 1, 2, and 3

involved)

Grade

2A

Only 1 field shows DAF

Grade

2B

2 fields show DAF

Grade

2C

All 3 fields show DAF

Grade 3 Central and peripheral DAF (ETDRS fields 1,

2, and 3 involved and more than 25% of the

retina outside of the 3 central ETDRS

fields)

Grade 4 Widespread DAF

Type 1 Fine granular DAF

Type 2 Branching DAF

Type 3 Coarse DAF

Type 4 Nummular DAF

Disc hyper-autofluorescence

Grade 0 No disc hyper-autofluorescence

Grade 1 Partial disc hyper-autofluorescence

Table 2 continued

RP
changes

Description

Grade 2 Complete disc hyper-autofluorescence

DAF decreased autofluorescence, ETDRS Early Treatment
Diabetic Retinopathy Study
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the early phases of the disease. Two additional
forms of localized cone dysfunction syndromes
have been described: occult macular dystrophy
and peripheral cone dystrophy (PCD) [63, 64].

Fundus examination is normal in the
majority of patients; in advanced cases, it may
show a macular bullseye aspect with various

degrees of retinal and RPE atrophy [65]. Patients
with primary cone degeneration and secondary
rod disruption may also develop retinal vascular
attenuation and peripheral pigment deposits,
mimicking RP. FAF, OCT, and OCTA macular
abnormalities have been extensively described
in patients with CD, CRD, and localized cone

Fig. 4 Ultra-widefield imaging of a patient with retinitis
pigmentosa. a Pseudocolor imaging revealing bone spiculae
pigmentation in medium periphery and vascular attenua-
tion. b Green-light fundus autofluorescence allows disease
classification on the basis of the distribution of decreased

autofluorescence (DAF) lesions; the patient presents
widespread nummular DAF. Autofluorescence also shows
abnormal central hypo-autofluorescence and a ring of
hyper-autofluorescence in the perifoveal area

Fig. 5 Ultra-widefield imaging of a patient with perivenu-
lar pigmentary retinopathy. a Green-light fundus autoflu-
orescence shows perivenular areas of hypo-autofluorescence
corresponding to retinal pigment epithelium atrophy and

pigmentation spreading towards the periphery. A crescent-
like hyper-autofluorescent demarcation can be noted along
the peripheral retinal veins. b Pseudocolor showing
pigmentary changes along the main retinal vessels
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dysfunction syndromes [66–69]. On the other
hand, reports on UWF changes in these patients
are still scarce.

UWF FAF displays a hyper-autofluorescent
macular ring in certain cases of CD and CRD
(Fig. 6) [50]; in the periphery, abnormal FAF
inversely correlates with the residual visual
function on both Goldmann perimetry and
ERG responses [70]. In a large intra-familial
study, UWF FAF showed high similarity
between siblings but significant diversity
between parent–child pairs; this finding sug-
gests that UWF imaging features in CD and
CRD—or more generally with IRD—tend to
change with age [71].

In patients with PCD, UWF FAF showed a
central bullseye lesion and perimacular hyper-
autofluorescence with rounded or scalloped
borders and, in the periphery, irregular hyper-

and hypo-autofluorescence located mainly in
the nasal quadrant and not contiguous with the
macular findings [72]. UWF imaging also aided
in the differential diagnosis between PCD
(which remains a diagnosis of exclusion) and
other posterior segment conditions, such as
retinal white dot syndromes, autoimmune reti-
nopathies, infectious chorioretinitis, enhanced
S-cone syndrome, pericentral retinitis pigmen-
tosa, or STGD1 [73].

BESTROPHINOPATHIES

Best vitelliform dystrophy (BVD) is an autoso-
mal dominant macular dystrophy caused by the
somatic mutation of the BEST1 gene; the disease
belongs to a bigger family of conditions known
as bestrophinopathies characterized by the

Fig. 6 Ultra-widefield imaging of a patient with cone
dystrophy. a, b Alteration of the macular reflex on
pseudocolor imaging. c, d Green-light fundus autofluores-
cence shows macular hypo-autofluorescence surrounded by

a ring of hyper-autofluorescence. e A similar pattern is
noticeable on short wavelength autofluorescence (only left
eye shown). f Optical coherence tomography of the macula
disclosing atrophy of the foveal cones
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accumulation of lipofuscin and abnormal elec-
tro-oculographic (EOG) Arden ratio [74].
Although BVD usually presents with a single
lesion (Fig. 7), up to 30% of patients feature
multifocal lesions within and outside the foveal
region (Fig. 8). In some patients, other less-
specific retinal lesions may be found, such as
schisis, subretinal fibrosis, or pigment clumping

[75]. Extrafoveal lesions are usually smaller than
those located into the macula [76, 77]. Despite
no study having systematically addressed the
changes in the retinal periphery in BVD and
other BEST1-related diseases, UWF imaging may
significantly help in the assessment and the
monitoring of the vitelliform lesions, especially
those located in extrafoveal regions.

Fig. 7 Multimodal imaging of Best vitelliform dystrophy.
a Pseudocolor showing a macular vitelliform lesion in a
vitelliruptive stage. b, c Short wavelength and green
autofluorescence showing dishomogeneous hyperfluores-
cence at the macular region. d Optical coherence

tomography confirming the presence of vitelliform sub-
foveal material. eOptical coherence tomography of another
case of Best vitelliform dystrophy, showing subretinal
hyporeflective lesions (likely to be previous vitelliform
material) both in the fovea and in the mid-periphery
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CONCLUSION

Ultra-widefield imaging is a useful tool for
evaluating retinal integrity in IRD. Color or
pseudocolor and FAF images obtained with
UWF provide previously unavailable informa-
tion about the retinal periphery, which corre-
lates well with visual field or ERG measurement
in patients with IRD. Physicians should be
aware of peripheral image magnification, image
distortion, and artifacts of the UWF devices;
nevertheless, the feasibility of investigations in
infants and in patients with poor fixation makes
UWF imaging a precious resource in the diag-
nostic armamentarium. Future investigations
on structure–function and phenotype-genotype
correlations using UWF imaging will undoubt-
edly increase our understanding of the complex
spectrum of IRD.
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