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Abstract

Purpose To compare macular atrophy (MA) secondary to age-related macular degeneration (AMD) and Stargardt disease
(STGD) using the choroidal vascularity index (CVI).

Methods In this multicentric retrospective study, two distinct cohorts were collected: patients with MA secondary to AMD and
MA secondary to STGD. All patients were investigated using a multimodal imaging approach, including CVI in the subfoveal
1000 pum area. Of note, the CVI is not influenced by aging, which allows comparisons between different cohorts.

Results Seventy eyes were included: 35 eyes of 35 patients (mean age 78 + 7 years) in the AMD group and 35 eyes of 35 patients
(mean age 41 + 16 years, p < 0.001) in the STGD group. Choroidal thickness was significantly lower in the AMD group in
comparison to the STGD group (151 £ 80 um vs 353 + 105 um, p < 0.001). The total choroidal area (TCA) was significantly
greater in the STGD group in comparison to the AMD group (1.734 + 0.958 mm? vs 0.538 + 0.391 mm?, respectively, p <
0.001).

Interestingly, the CVI was significantly lower in AMD patients in comparison to STGD patients (27.322 £+ 15.320% vs
49.880 + 7.217%, respectively, p < 0.001), and this difference was confirmed in the subgroup of patients over 50 years old.
Conclusion Our results corroborate the hypothesis that large choroidal vessels were impaired to a greater extent in AMD than in
STGD. CVI may help in differentiating AMD from STGD in the presence of MA, better understanding of the pathogenesis, and
monitoring of therapeutic response.

Keywords Age-related macular degeneration - Choroidal vascularity index - Geographic atrophy - Macular atrophy - Stargardt
disease

Eleonora Corbelli and Riccardo Sacconi contributed equally to this work.

Department of Ophthalmology, Hospital Intercommunal de Creteil,
University Paris Est Creteil, Creteil, France

> Foundation G.B. Bietti-IRCCS, Rome, Italy

>4 Giuseppe Querques
giuseppe.querques @hotmail.it; querques.giuseppe @hsr.it

School of Medicine, Vita-Salute San Raffaele University,

Milan, Italy

Division of head and neck, Ophthalmology Unit, IRCCS San
Raffaele Scientific Institute, Milan, Italy

Department of Neurosciences, Psychology, Drug Research and Child
Health Eye Clinic, University of Florence, AOU Careggi,
Florence, Italy

Ophthalmology, Department of Surgical, Medical, Molecular
Pathology and of Critical Area, University of Pisa, Pisa, Italy

UOC Oculistica, Fondazione Policlinico Universitario A. Gemelli
IRCCS, Rome, Italy

Universita Cattolica del Sacro Cuore, Rome, Italy

Consiglio Nazionale delle Ricerche, Istituto di Neuroscienze,
Pisa, Italy

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00417-021-05337-3&domain=pdf
http://orcid.org/0000-0002-3292-9581
mailto:giuseppe.querques@hotmail.it
mailto:querques.giuseppe@hsr.it

1526

Graefes Arch Clin Exp Ophthalmol (2022) 260:1525-1534

Key messages

What was known

® Macular atrophy represents the common late-stage manifestation of various retinal diseases including age-related
macular degeneration (AMD) and Stargardt disease (STGD)

® Distinguishing macular atrophy secondary to dry AMD from atrophy of retinal pigment epithelium associated with

the late form of STGD could be challenging

That this paper adds

® A major and clinically significant choroidal vascularity index (CVI) reduction was found in eyes with MA
secondary to AMD as compared with MA associated with STGD

® CVI could be a useful tool for correct diagnosis, better understanding of the pathogenesis of these disorders, and
potential monitoring of therapeutic response including new therapeutic strategies

Introduction

Macular atrophy (MA) is defined as the presence of areas of
retinal pigment epithelium (RPE) atrophy with increased sig-
nal transmission through the choroid and collapse or thinning
ofthe outer retinal layer [1]. Such MA represents the common
late-stage manifestation of various retinal diseases, including
age-related macular degeneration (AMD) [i.e., geographic at-
rophy (GA)] and Stargardt disease (STGD).

Geographic atrophy secondary to dry AMD affects up to
22% of people aged over 90 years and multiple pathophysio-
logical mechanisms are hypothesized to be behind the disease
[2]. Oxidative damage, vascular insufficiency, and inflamma-
tion are considered responsible for RPE, photoreceptor, and
choriocapillaris (CC) injury [3—7]. Stargardt disease, one of
the most common inherited retinal dystrophies, causes central
vision loss in childhood or early adulthood according to a
well-known process. Mutations in the ABCA4 gene result in
the increased production and accumulation in the RPE of a
lipofuscin fluorophore named N-retinylidene-N-
retinylethanolamine (A2E) causing loss of RPE cells and for-
mation of MA [8-10].

It could be very challenging to differentiate MA secondary
to AMD and to STGD, especially in the absence of
pathognomic hallmarks such as drusen and flecks, respective-
ly. Macular atrophy secondary to AMD and STGD appears
ophthalmoscopically as a unifocal or multifocal area of partial
or complete depigmentation in the macular region with visible
underlying choroidal vessels, while on fundus autofluores-
cence (FAF) both look as distinct dark spaces due to the ab-
sence of lipofuscin-containing cells [11].

Fluorescein angiography (FA) and indocyanine green an-
giography (ICGA) are useful tools for a diagnostic and path-
ogenetic distinction of the two diseases. In STGD, FA shows
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the dark choroid, a typical sign due to absorption of the blue
excitatory light by lipofuscin, resulting in the absence of nor-
mal background fluorescence [12]. Moreover, even in patients
affected by STGD with no evidence of dark choroid on FA
images, ICGA could be able to reveal hypocyanescence with-
in the area of MA [13]. This ICGA sign could be correlated to
CC damage, as supported by extensive loss of CC in the anal-
ysis of MA by optical coherence tomography angiography
(OCT-A) in patients with STGD [14].

Taking this into consideration, in our paper, we investigat-
ed MA secondary to AMD and STGD using a new imaging
tool, the choroidal vascularity index (CVI), for the measure-
ment and analysis of the choroidal vasculature system by
quantifying both luminal and stromal choroidal components.
Of note, we use the CVI parameter in our analysis because
CVI is less influenced by aging in comparison to choroidal
thickness, although the influence of aging remains debated
[15, 20]. The aim of this study is to evaluate a possible role
of CVI for differential diagnosis and, more importantly, to
investigate additional differences in the pathogenesis of MA
secondary to AMD and STGD.

Methods

In this retrospective cohort study, participants were collected
from four retina referral centers (the Medical Retina &
Imaging Unit of the Department of Ophthalmology of
University Vita-Salute San Raffacle in Milan, Italy; the
Department of Ophthalmology of University Paris Est, in
Creteil, France; the Department of Ophthalmology of
IRCCS-Fondazione Bietti in Rome, Italy; the Department of
Ophthalmology of Eye Clinic, University of Florence, AOU
Careggi, Florence, Italy) evaluated between January 2019 and
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December 2019. The study was conducted in agreement with
the Declaration of Helsinki for research involving human par-
ticipants and was approved by the Ethics Committee for all
sites.

The present study consists of the following two distinct
cohorts: patients with MA secondary to AMD and secondary
to STGD.

Inclusion criteria for both cohorts were: (1) at least one
well-defined area of apparent absence of the RPE with or
without foveal involvement and with a minimal extent of
0.05 mm? (the size of the smallest atrophic area in cases of
multifocality); (2) clear ocular media to ensure proper image
quality. Absence of RPE was disclosed using FAF as the area
with hypoautofluorescence.

For inclusion into the AMD group, age over 50 years and
drusen and/or retinal pigment abnormalities consistent with
the diagnosis of AMD had to be present in the eye with GA
and/or in the fellow eye.

Diagnostic criteria for STGD included decreased visual
acuity (VA) due to macular dystrophy associated with multi-
ple fundus flecks. Patients affected by STGD were classified
in three different clinical phenotypes according to the classi-
fication of Fishman et al. [21]. Briefly, phenotype 1 is charac-
terized by small, atrophic-appearing foveal lesion surrounded
by parafoveal or perifoveal yellowish white lesions; pheno-
type 2 is characterized by yellowish white fundus lesions oc-
curred throughout the posterior pole; phenotype 3 is charac-
terized by extensive atrophic-appearing changes of the RPE
throughout the posterior pole extending beyond the vascular
arcades.

If both eyes presented inclusion criteria, only one was in-
cluded. The eye with the higher quality of OCT images was
selected as the study eye. If both eyes of the same patient have
the same quality of OCT images, the included eye was ran-
domly selected by flipping a coin.

The exclusion criteria were: (1) any other cause of
chorioretinal atrophy (e.g., myopia, pattern dystrophies, cen-
tral areolar macular atrophy, retinitis pigmentosa, rod-cone
dystrophies, Best disease, Sorsby macular dystrophy,
chorioretinal inflammatory diseases, drug-induced retinopa-
thy, post-traumatic atrophy); (2) presence of any retinal disor-
der potentially confounding the clinical assessment (e.g., dia-
betic retinopathy, retinal vein occlusion, retinal artery occlu-
sion); (3) signs of macular neovascularization (MNV), includ-
ing intraretinal or subretinal fluid, hemorrhage, subretinal fi-
brosis; (4) any previous treatment (e.g., laser photocoagula-
tion, photodynamic therapy, intravitreal injections of anti-
vascular endothelial growth factors or steroids); (5) myopia
greater than 6 diopters (D) of sphere or 3 D of cylinder, and/or
axial length greater than 25.5 mm.

As part of standard clinical assessment, all participants
underwent a complete ophthalmologic examination, including
Snellen best-corrected VA (BCVA) that was converted to the

logarithm of the minimum angle of resolution (LogMAR) for
statistical analysis, slit-lamp biomicroscopy, and indirect fun-
dus ophthalmoscopy. Furthermore, all patients underwent
multimodal imaging evaluation, including infrared reflectance
(IR), FAF, and structural spectral domain optical coherence
tomography (SD-OCT) that were performed using the
Spectralis HRA + OCT system (Heidelberg Engineering,
Heidelberg, Germany). To achieve good visualization of the
choroid, enhanced depth imaging (EDI) OCT was used in all
acquisitions. FA was also recorded when available. FA was
performed using the Spectralis HRA + OCT (Heidelberg
Engineering, Heidelberg, Germany) or TRC-501X (Topcon,
Inc., Tokyo, Japan) machines.

Axial length was measured using a noncontact biometry
instrument (IOLMaster [Carl Zeiss Meditec AG, Jena,
Germany]). When available, ABCA4 genotyping of STGD
patients was recorded and reported.

Clinical findings and multimodal imaging features were
collected and analyzed.

Central macular thickness (CMT) was assessed in the cen-
tral 1-mm-diameter circle of ETDRS thickness map using
Spectralis software (Heidelberg Eye Explorer 1.9.11.0,
Heidelberg, Germany). In each patient, the center of the
ETDRS thickness map and the automatic segmentations were
checked and manually adjusted in case of error by the
Spectralis software.

The RPE atrophic area was manually measured by two
independent and experienced readers (MB and EB) as the
sum of the hypoautofluorescent areas using FAF images and
expressed in mm?. Choroidal thickness (ChT) was manually
measured by two independent and experienced readers (MB
and EB) as the distance between the Bruch’s membrane inter-
face and the sclerochoroidal interface under the fovea, and at
500 wm nasally and temporally to the fovea. The mean values
were considered for statistical analysis.

In order to obtain the CVI, structural OCT passing through
the fovea was analyzed and processed using the software F1JI
(National Institute of Health, Bethesda, MD, USA) with a
previously published method [22, 23]. In detail, horizontal
structural OCT passing thought the fovea was acquired using
Spectralis with a scan angle of 30°, ART mode on with 50
images averaged, and EDI mode on, as for our clinical prac-
tice. The quality of the images was checked by an expert
grader (R.S.). In case of low-quality images, or not centered
images, the patient was not included in the analysis. The OCT
image was imported in the FIJI software, and the subfoveal
1000 pum region centered on the fovea was selected as the
region of interest (ROI) using the polygon tool, as previously
reported [24]. The upper and the lower boundaries of the ROI
was selected as the choroidal-RPE junction and the
sclerochoroidal junction. In case of RPE absence, the
choroidal-RPE junction was selected at the level of the
Bruch’s membrane. After that, the image was binarized using
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the Niblack’s autolocal threshold. The total choroidal area
(TCA) was defined as the total area of the ROI. The luminal
choroidal area (LCA) was represented by the black pixels and
stromal choroidal area (SCA) by the white pixels. The TCA,
LCA, and SCA are measured. The CVI was calculated as the
ratio between LCA and TCA.

Statistical analysis

Statistical analyses were performed using SPSS Statistics
Version 20 (IBM, Armonk, New York, USA). All values of
descriptive analyses were reported as counts (percentages) for
categorical variables, and as means+standard deviation for
continuous variables. The agreement between individual mea-
surements of RPE atrophic areas and ChT from both readers
was performed using the intraclass correlation coefficient
(ICC; 95% CI). Comparisons of BCVA, RPE atrophic area,
axial length, CMT, ChT, TCA, LCA, SCA, and CVI between
the two groups were performed using the independent samples
Student t-test. The analyses of CVI, TCA, LCA, and SCA
among the different phenotypes of STGD were performed
using the analysis of variance (ANOVA) with Bonferroni
post-hoc analysis. The correlations between RPE atrophic area
with CVI, TCA, LCA, and SCA were investigated using the
Pearson correlation coefficient. In all analyses, p-values <0.05
were considered as statistically significant.

Results

Seventy eyes of 70 Caucasian patients fulfilled the inclusion
and exclusion criteria and were included in the study. Thirty-
five eyes of 35 patients (mean age 78 + 7 years, median 78;
range 68-94 years) were included in the AMD group and 35
eyes of 35 patients (mean age 41 + 16 years, median 42; range
20-78 years; p < 0.001) were included in the STGD group.
ABCA4 mutations were available for 20 out of 35 patients
(Table E1).

The two groups did not show statistical differences in terms
of BCVA, RPE atrophic area, and axial length (p = 0.205, p
= 0.122, and p = 0.515, respectively), whereas CMT was
significantly lower in patients affected by Stargardt disease
(p < 0.001) (Table 1). Considering the STGD group, 8 eyes
were classified as phenotype 1, 8 eyes as phenotype 2, and 19
eyes as phenotype 3.

Furthermore, we analyzed the subgroup of patients over
50 years old in the STGD group (12 eyes of 12 patients, mean
age 60 + 10 years, median 57, range 50-78 years) compared
with overall AMD cases. Also in this sub-analysis, the two
groups did not show statistical differences in terms of BCVA,
RPE atrophic area, and axial length (p = 0.277, p = 0.229,
and p = 0.915, respectively), whereas CMT was significantly
lower in patients affected by Stargardt disease (p < 0.001)
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(Table E2). However, GA patients showed a significantly
greater age in comparison with this STGD subgroup (p <
0.001) (Table E2).

Choroidal analysis

Comparing ChT between AMD and STGD patients, the latter
showed a significantly thicker ChT with respect to subfoveal,
nasal, and temporal locations (Table 1). In detail, subfoveal
ChT was 151 + 80 um (median, 127; range 45-399 pm) and
353 + 105 um (median, 355; range 80—-619 um) (p < 0.001)
in AMD and SGTD groupS, respectively, and the same trend
was disclosed in 500 pm nasally and temporally to the fovea
(p < 0.001 in both analyses) (Table 1). Interobserver variabil-
ity between readers was excellent for all measurements [ICC
= 0.953 (0.925-0.981)]. Following the ChT trend, the TCA in
the 1000 pm centered on the fovea was significantly greater in
the STGD group in comparison to the AMD group (1.734 +
0.958 mm? vs 0.538 + 0.391 mm?, respectively, p < 0.001)
(Table 2). This trend was also confirmed in the subanalyses of
LCA and SCA (Table 2).

Interestingly, analyzing the ratio between the choroidal
LCA and the TCA, the CVI was significantly lower in
AMD patients in comparison to STGD patients (27.322 =+
15.320% vs 49.880 £+ 7.217%, respectively, p < 0.001)
(Table 2) (Figs. 1 and 2). In other words, the LCA was im-
paired to a greater extent in AMD patients in comparison to
STGD patients. Furthermore, analyzing the CVI, TCA, LCA,
and SCA among the different phenotypes of STGD, we dem-
onstrated that all these parameters are influenced by the stage
of the STGD phenotype (ANOVA analysis of CVI, TCA,
LCA, and SCA comparing different STGD stages: p =
0.060, p = 0.015, p = 0.010, and p = 0.033, respectively
(Table 3)). In detail, there was a reduction in values with
increasing stages (Table 3).

Interestingly, the same trends were disclosed in the
subanalysis of patients over 50 years old in the STGD group
in comparison to the AMD group. In detail, the CVI was
significantly lower in AMD vs STGD patients (27.322 +
15.320 vs 45.592 + 9.670, respectively, p < 0.001) (Table 4).

Analyzing the correlation between the RPE atrophic area
measured using FAF with CVI, TCA, LCA, and SCA, no
significant correlation was disclosed considering all patients
(p > 0.4 in all analyses using Pearson correlation coefficient),
considering only AMD patients (p > 0.2 in all analyses using
Pearson correlation coefficient), and considering only STGD
patients (p > 0.2 in all analyses using Pearson correlation
coefficient) (Table E3). Furthermore, we have analyzed the
correlation between the diameter of the RPE atrophic area of
the horizontal b-scan with CVI, TCA, LCA, and SCA. Also in
this case, no significant correlations were disclosed (p > 0.2
in all analyses using Pearson correlation coefficient).
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Table 1 Demographics and main
clinical features of the study GA group STGD group P value
population
N, eyes (patients) 35 (35) 35 (35)
Sex, n
Male 9 14
Female 26 21 0.203*
Age, years (mean+SD) 78+7 41+16 <0.001°
BCVA, LogMAR (mean+SD) 0.53+0.29 0.63+0.36 0.205°
RPE atrophic area using FAF, mm? (mean+SD) 8.14+3.96 6.23+6.02 0.1228
RPE atrophic diameter using OCT, um (mean+SD) 3234+980 3399+1028 0.498%
Axial length, mm (mean+SD) 23.914+0.44 23.98+0.49 0.515°
CMT, pum (mean+SD) 244+43 116+59 <0.001°
Subfoveal ChT, um (mean+SD) 151+80 3534105 <0.001%
500 wm nasal ChT, um (mean=+SD) 138+78 332499 <0.001%
500 pm temporal ChT, pm (mean=SD) 15777 340+87 <0.001%
GA geographic atrophy, STGD Stargardt disease, N number, SD standard deviation, BCVA best-corrected visual
acuity, RPE retinal pigment epithelium, FAF fundus autofluorescence, OCT optical coherence tomography, CMT
central macular thickness; ChT choroidal thickness
* Chi-squared test
§ independent samples Student t-test
Discussion Giani et al. [13] conducted a multi-imaging study to char-

Distinguishing macular atrophy secondary to dry AMD from
atrophy of RPE associated with the late form of STGD could
be challenging. It has been indeed thoroughly documented
that both these retinal diseases develop MA with different
mechanisms, even though it remains partially unclear in the
case of AMD, and present distinctive progression. [3, 4, 8-10,
25].

Although fundus photography and FAF are useful tools for
the detection and follow-up of these diseases [11], they do not
give information on the pathogenesis and often do not provide
distinctive criteria. Combining multimodal imaging could be a
strategy to face this specific, but important, differential diag-
nosis, in regard to prognosis and design of interventional
trials.

Table 2 Choroidal analysis of the GA group vs STGD group
GA group STGD group P value®
(n=35) (n=35)
LCA, mm? (mean+SD)  0.192 + 0.209 0912 + 0.579 <0.001
SCA, mm? (mean+SD)  0.347 + 0.190 0.822 +0.389 <0.001
TCA, mm? (mean+SD)  0.538 + 0.391 1.734 £ 0.958 <0.001
CVI (mean+SD) 27.322 £ 15320 49.880 +7.217 <0.001

GA geographic atrophy, STGD Stargardt disease, SD standard deviation,
LCA luminal choroidal area, SCA stromal choroidal area, TCA total cho-
roidal area, CVI choroidal vascularity index

§ independent samples Student t-test

acterize RPE atrophy in AMD and STGD with a particular
interest in [CGA examination. Confirming previous observa-
tions [26], in 92% of eyes affected by STGD, ICGA showed
hypofluorescence from the areas of atrophy, more evident in
the late phase, defined as dark atrophy [13]. This ICGA find-
ing, identified in only 13% of patients with AMD, has been
ascribed to extended damage of CC. This hypothesis has been
confirmed by Pellegrini et al. using OCT-A [14]. They de-
scribed an extensive loss of CC in the central area with
persisting tissue at margins of MA secondary to STGD,
whereas CC resulted only rarely in patients with MA second-
ary to AMD [14].

Recently CVI has been proposed as a novel OCT-based
parameter to quantify choroidal structural changes in healthy
participants [15-20] and in different disorders, including
AMD and STGD [27-31]. Giannaccare et al. showed that
CVI in patients affected by MA secondary to AMD was pro-
gressively reduced during the follow-up period, speculating a
possible stromal substitution of the choroidal vessels [32].
Similarly, Ratra et al. [33] found a significant reduction of
CVI in STGD versus healthy eyes and a correlation between
the reduction of CVI and a deterioration of visual acuity.

However, to our knowledge, in the literature there are no
papers comparing CVI in macular atrophy secondary to AMD
and STGD. In our study, a major and clinically significant
CVI reduction was found in eyes with MA secondary to
AMD as compared with MA associated with STGD (p <
0.001). This finding could be due to greater impairment of
the luminal choroidal area in AMD patients than in STGD
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Fig. 1 Structural optical
coherence tomography (OCT)
and choroidal vascularity index
(CVI) calculation of a patient
affected by macular atrophy
secondary to age-related macular
degeneration. Horizontal b-scan
structural OCT passing through
the fovea showing the presence of
retinal pigment epithelium (RPE)
atrophy with increased signal
transmission through the choroid
and collapse or thinning of the
outer retinal layer (A). The image
was binarized using Niblack’s
auto-local threshold (B) in order
to calculate the CVI. Dark pixels
represent the luminal area,
whereas white pixels the stromal
area. CVI was calculated in the
1000 um subfoveal area (C) as
the ratio between the luminal area
and the total choroidal area

patients. Alternatively, this finding may suggest a compensa-
tory dilation of the large choroidal vessels in MA associated
with STGD (i.e., higher luminal choroidal area) due to the
greater impairment of choriocapillaris in STGD in comparison
to AMD. Indeed, in AMD, the partial preservation of CC and
the lower vascular reactivity resulting from an increased vas-
cular rigidity (i.e., atherosclerosis) could contribute to a min-
imal compensatory dilation of choroidal vessels [34].

One may attribute this result to the different average age of
the two groups. The influence of aging on CVI remains de-
bated. In a recent study, Zhou et al. [15], using a swept-source
OCT, showed that CVI remained constant in all regions with
age, while ChT and choroidal volume, even including both
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choroidal vessels and stroma, decreased with the years. On the
other hand, Nivison-Smith et al. [19], using an SD-OCT,
showed an age-related decline of CVI with eccentricity.
Finally, Kokac et al. [18] reported that CVI was lower in
patients under 18 years old in comparison to patients over
18 years old, but this is not the case in our study population.
Although the influence of different average age of the two
groups cannot be completely excluded, we have analyzed
the subfoveal location of the choroid, that is less influenced
by aging [15-20]. Furthermore, we found the same trend an-
alyzing only the sub-group of patients over 50 years old af-
fected by STGD in comparison to the AMD group.
Particularly, in this age-group >50 years old, CVI could be a
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Fig. 2 Structural optical
coherence tomography (OCT)
and choroidal vascularity index
(CVI) calculation of a patient
affected by macular atrophy
secondary to Stargardt disease.
Horizontal b-scan structural OCT
passing through the fovea
showing the presence of retinal
pigment epithelium (RPE)
atrophy with increased signal
transmission through the choroid
and collapse or thinning of the
outer retinal layer (A). The image
was binarized using Niblack’s
auto-local threshold (B) in order
to calculate the CVI. Dark pixels
represent the luminal area,
whereas white pixels the stromal
area. CVI was calculated in the
1000 um subfoveal area (C) as
the ratio between the luminal area
and the total choroidal area

Table 3 Choroidal analysis of the
STGD group according to the
Fishman stages

~ ST ey, pppy = * b
. '

STGD group (n=

Phenotype 1 (n=

Phenotype2 (n=  Phenotype 3 (n= P

35) 8) 19) value®
LCA, mm? (mean+  0.912 + 0.579 1.415+0.628 0911 £0.542  0.701 £ 0454  0.010
SCilj)mmz (mean+  0.822 + 0.389 1.107 £ 0460  0.851 £0.307  0.689 + 0335  0.033
TCSzi),)mmz (mean+  1.734 +0.958 2522+1.078 1761 £0.838 1391 +0.780  0.015
CVSID(znean:tSD) 49880 £ 7217  55.077 +4.056 48.981 +8.586  48.070 £ 6.893  0.060

STGD Stargardt disease, SD standard deviation, LCA luminal choroidal area, SCA stromal choroidal area, 7CA
total choroidal area, CVI choroidal vascularity index

§ analysis of variance (ANOVA)
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Table 4  Choroidal analysis of the GA group vs STGD subgroup of
patients over 50 years old

GA group STGD group P value®
(n=35) (n=12)
LCA, mm? (mean=SD) ~ 0.192 + 0.209 0.756 + 0.554 <0.001
SCA, mm? (mean+SD)  0.347 £ 0.190 0.751 + 0.341 <0.001
TCA, mm? (mean=SD)  0.538 + 0.391 1.507 + 0.888 <0.001
CVI (mean=SD) 27322 £15.320 45.592 £9.670 <0.001

GA geographic atrophy, STGD Stargardt disease, SD standard deviation,
LCA luminal choroidal area, SCA stromal choroidal area, TCA total cho-
roidal area, CVI choroidal vascularity index

§ independent samples Student t-test

clinically key role for a correct differential diagnosis, consid-
ering that it is challenging to make the proper diagnosis in
older people with MA in absence of specific hallmarks.

Based on our results, we hypothesize that the lower CVI
here found in AMD patients in comparison to STGD patients
is possibly due to the different pathogenic disease mechanisms
rather than different age. Furthermore, these data support the
concept that choroidal vascular degeneration could contribute
to MA in AMD etiopathogenesis and progression. Indeed,
Giannaccare et al. [32] reported that CVI is reduced in patients
affected by GA, and that this parameter worsened during the
follow-up period.

Furthermore, although we cannot directly compare the CVI
of healthy patients reported in previous studies with GA and
STGD patients of the current study due to different method-
ology of the studies, our results suggested that CVI is lower in
GA and STGD patients (mean CVI 0f27.322% and 49.880%,
respectively) in comparison to healthy participants (mean re-
ported CVI between 46% and 70%). These results confirm the
data previously reported by Ratra et al. [33] and Giannaccare
et al. [32] showing lower CVI in STGD and GA patients,
respectively.

Our results support the role of CVI in gathering insights
about the pathophysiology of the two distinct diseases and its
potential clinical application in the differential diagnosis of
patients with MA, especially in STGD cases characterized
by a late-onset atrophy development that may be
misdiagnosed as AMD. In addition, these outcomes find
agreement with the available literature, which supports the
advantage of CVI as a more sensitive biomarker in detecting
choroidal changes as compared to subfoveal ChT. Indeed,
ChT is influenced by the age of patients, and this could be a
greater confounding factor in the analysis of results. We found
a significantly lower ChT in AMD patients than in STGD
patients. This result is in agreement with a previous study
reporting a statistically significant increase in the ChT of
STGD eyes compared with AMD eyes [35]. However, we
cannot exclude that this difference in our series was due to
the different mean age of our groups. Another limitation of the
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ChT analysis is that it does not give structural information. On
the other hand, choroidal vascularity index, encompassing
changes in both the vascular and stromal component of the
choroid, revealed interesting considerations.

Several limitations of our study should be disclosed. First,
the relatively small sample of patients included. However, it
should be considered that macular atrophy secondary to
STGD is a relatively infrequent manifestation. Moreover, al-
though GA was present in both eyes of a patient, we included
only one eye in the attempt to reduce any selection bias.
Second, the wide age disparity between patients with AMD
and STGD. However, it was previously demonstrated that age
does not influence the CVI, remaining constant with ageing
[15], although the influence of aging remains debated
[16-20]. Another limitation of our study was the possible
influence of backscattering and shadowing effects due to the
RPE absence patients affected by GA and STGD. However, in
order to minimize this possible influence, we have used a
compensated method of binarization based on two different
strategies: first the brightness of the image was adjusted using
the average value obtained from the lumen of three major
choroidal vessels of the ROI; second, we used an autolocal
threshold (Niblack’s autolocal threshold) [22, 23].

Finally, the lack of genetic confirmation for all patients
affected by STGD and the absence of information on AMD
group genotype. Although we did not have genetic mutations
for all patients affected by STGD, we included only partici-
pants with unequivocal diagnosis due to the presence of flecks
in one or both eyes.

Despite these limitations, we believe this study shows a
possible role of this novel OCT parameter named CVI as a
useful tool for correct diagnosis and better understanding of
the pathogenesis of these disorders.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00417-021-05337-3.
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