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Purpose: To evaluate choroidal structural changes occurring over time in geographic
atrophy (GA) secondary to age-related macular degeneration using choroidal vascularity
index (CVI).

Methods: Enhanced-depth imaging optical coherence tomography scans of 34 patients
with GA and 32 control subjects were retrospectively analyzed. Data were collected at
baseline and after a mean follow-up of 18.3 ± 8.3 months. Choroidal images were binarized
using the ImageJ software, and the luminal area and stromal area were segmented. Cho-
roidal vascularity index was defined as the ratio of luminal area to total choroid area.

Results: Patients with GA showed significantly lower values of CVI, total choroid area,
luminal area, and subfoveal choroidal thickness compared to control subjects (65.83 ± 3.95
vs. 69.33 ± 3.11, P , 0.001; 0.400 ± 0.239 mm2 vs. 0.491 ± 0.132, P = 0.006; 0.263 ±
0.152 mm2 vs. 0.340 ± 0.094, P = 0.002; 185.2 ± 79.8 mm vs. 216.8 ± 58.8 mm, P = 0.036,
respectively). Best-corrected visual acuity was significantly correlated only with choroidal
thickness (R = 20.509; P = 0.002). During the follow-up period in patients with GA, sub-
foveal choroidal thickness decreased from 185.2 ± 79.8 to 152.2 ± 73.1 (P = 0.001), stromal
area increased from 0.138 ± 0.090 mm2 to 0.156 ± 0.068 (P = 0.028), and CVI decreased
from 65.83 ± 3.95 to 62.24 ± 3.63 (P , 0.001).

Conclusion: This study showed for the first time that CVI is reduced in patients with GA,
and that this metric further worsened during the follow-up period.
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Age-related macular degeneration (AMD) is a lead-
ing cause of legal blindness among elderly

individuals, especially in developed countries.1 Geo-
graphic atrophy (GA) represents a common late-stage
manifestation of AMD, and is characterized by pro-
gressive and irreversible loss of photoreceptors, retinal

pigment epithelium, and choriocapillaris within the
macular region.2,3 The choroidal structure is of partic-
ular interest in AMD pathogenesis because abnormal-
ities of the choroidal circulation seem to play
a primary role in its development and evolution.4,5

Thanks to the improvements in optical coherence
tomography (OCT) technology, such as enhanced-
depth imaging (EDI) and swept-source OCT, a better
visualization of the choroid structure along with a more
accurate calculation of multiple quantitative and quan-
titative parameters is now feasible.6 Among these, the
measurement of choroidal thickness (CT) has gained
increasing popularity in the recent years; however, it
seems to be influenced by several biological variables
(e.g., axial length, refractive error, intraocular pressure,
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and systolic blood pressure)7,8 and represents a crude
parameter that does not give information on the changes
of the vascular and stromal choroidal components.
To overcome these limitations, the recent introduc-

tion of image binarization tools applied on EDI-OCT
scans allowed to separately analyze and quantify the
choroidal vascular and stromal structures.9,10 In partic-
ular, choroidal vascularity index (CVI), measured by
calculating the proportion of the luminal area (LA) to
the cross-sectional choroid area, is a novel metric that
can possibly be used as surrogate marker for monitor-
ing retinal disease.11–18

The purpose of this study was to evaluate for the
first-time CVI in the setting of GA secondary to AMD,
and to further correlate this parameter with anatomical
and functional measures.

Materials and Methods

This retrospective cohort study included patients
visited at the Retina Service of our Institution
(S.Orsola-Malpighi University Hospital, Bologna,
Italy) in the period between May 2016 and October
2018. Patients older than 55 years with a diagnosis of
GA secondary to AMD, who underwent at least 2
complete ophthalmological examinations during the
study period, were considered eligible. Sex- and age-
matched control subjects without any sign of AMD on
both fundus autofluorescence (FAF) and OCT scans
were included as a control group. Exclusion criteria for
both groups were media opacities that could influence
image quality, the presence or history of choroidal
neovascularization or any other retinal diseases (e.g.,
diabetic retinopathy, retinal dystrophy, and central
serous chorioretinopathy), history of retinal laser and
surgery, glaucoma, refractive error $3 diopters (D)
spherical equivalent, and missing data from medical
records. In case of previous cataract surgery, spherical
equivalent before surgery must have fulfilled this cri-
terion. If both eyes were eligible, the right eye was
selected as the study eye. The study was performed
in accordance with the principles of the Declaration of
Helsinki and was approved by the local institutional
review board.
The following data were extrapolated from medical

records: age, sex, best-corrected visual acuity (BCVA)
in Snellen and logMAR, lens status, fundus examina-
tion, color fundus images, FAF images, and spectral
domain OCT scans with EDI mode.
Fundus autofluorescence images and EDI-OCT

scans were obtained using the Spectralis HRA-OCT
(Heidelberg Engineering, Heidelberg, Germany). Uni-
focal or multifocal areas of reduced FAF signal were

outlined using the RegionFinder function on the
proprietary image analysis software (Heidelberg Eye
Explorer, Heidelberg Engineering, Germany) to mea-
sure the size of GA areas. The total area was then
automatically calculated using the software for each
single image.19

Spectral domain OCT images were acquired with
EDI mode using a volume scan of 30° · 20° contain-
ing 25 B-scans and centered on the macular region.
Individual B-scan was 8.5 mm in length, spaced 240
mm apart from each other and was an average of 30
frames. The OCT scan centered across the central
foveal region with the thinnest retina was chosen for
the analysis. The choroid was defined as the space
between the outer border of the retinal pigment epithe-
lium and the choroidal–scleral junction. Scans with
poor quality or poorly visible choroidal scleral junc-
tion were excluded. Enhanced-depth imaging OCT
scans were all obtained almost at the same time of
the day, during the daily clinical activity. The subfo-
veal CT was measured manually by two independent
examiners (M.P. and S.S.) using the caliper function
tool of the image analysis software. The mean of the
two measurements was used for the analysis.
The OCT images were binarized and segmented by

the same examiners using the public domain software
ImageJ 1.51s (National Institutes of Health, Bethesda,
MD), with a semiautomated method previously
described.11 Briefly, the OCT image was opened in
ImageJ (Figure 1, A and B), and the polygon tool
was used to select the region of interest across the
entire length of the OCT scan. The upper boundary
of the region of interest was traced along the
choroidal–retinal pigment epithelium junction and
the lower boundary along the choroidal–scleral junc-
tion to identify the total choroidal area (TCA). After
conversion to an 8-bit image, Niblack’s autolocal
threshold was applied to binarized the image and
demarcate the LAs and stromal areas (SAs) (Figure 1,
C and D). The image was converted back to a red,
green, blue image, and the color threshold tool was
used to select the dark pixels, representing the LA
(Figure 1, E and F). The TCA and LA were measured.
The SA was calculated by subtracting LA from TCA.
The CVI, defined as the LA divided by the TCA, was
then computed.
Data analysis was conducted with SPSS statistical

software (SPSS Inc, Chicago, IL). Values are ex-
pressed as mean ± SD. The Shapiro–Wilk test was
used to assess normality of data, and the Levene test
was used to assess the homogeneity of variances. An
independent-sample t-test was used to compare nor-
mally distributed variables between patients and con-
trol subjects, whereas the Mann–Whitney U test was
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used for not normally distributed variables. Changes of
continuous variables during the follow-up period were
analyzed using the Wilcoxon signed-rank test. The
correlations of subfoveal CT and CVI with demo-
graphic and clinical parameters were examined using
the Pearson correlation analysis. A P value ,0.05 was
considered statistically significant.

Results

Thirty-four eyes of 34 patients with GA secondary
to AMD and 32 eyes of 32 control subjects were
included in the study. The baseline demographic and
clinical characteristics of patients with GA and control
subjects are reported in Table 1. There was no signif-
icant difference in the mean age (P = 0.250) and sex
distribution (P = 0.339) between the two groups. Mean
BCVA was 0.87 ± 0.62 logMAR (20/148 Snellen) in
patients with GA and 0.04 ± 0.06 logMAR (20/22
Snellen) in control subjects, and the difference was
statistically significant (P , 0.001). The mean area
of GA measured with FAF was 5.65 ± 5.13 mm2 in
patients with GA, whereas none of the controls had
areas of chorioretinal atrophy. Subfoveal CT was sig-
nificantly lower in patients with GA compared to

control subjects (185.2 ± 79.8 mm vs. 216.8 ± 58.8;
P = 0.036).
Baseline choroidal parameters measured using the

image binarization protocol in patients with GA and in
control subjects are reported in Table 2. Total choroidal
area, LA, and CVI were significantly reduced in patients
with GA compared to control subjects (respectively,
0.400 ± 0.239 mm2 vs. 0.491 ± 0.132, P = 0.006;
0.263 ± 0.152 mm2 vs. 0.340 ± 0.094, P = 0.002; and
65.83 ± 3.95 mm2 vs. 69.33 ± 3.11, P , 0.001). On the
contrary, SA did not significantly differ between the two
groups (P . 0.05). Choroidal vascularity index was not
correlated with age, sex, and GA area (always P. 0.05).

Fig. 1. Choroidal vascularity index calculation in a representative control subject (A, C, and E) and a representative patient with GA (B, D,
and F). A and B. Original EDI-OCT images. C and D. Choroidal boundaries were traced to identify the TCA (yellow lines), and the images
were binarized. E and F. The color threshold tool was used to select the dark pixels, representing the LA. The CVI was computed dividing
LA by TCA.

Table 1. Baseline Characteristics of Patients With GA and
Control Subjects

Characteristic GA Group Control Group

Patients (n) 34 32
Sex (m:f) 10:24 13:19
Age (years) 76.4 ± 8.9 73.9 ± 8.3
Phakic (n) 18 20
BCVA (Snellen) 20/148 20/22
BCVA (logMAR) 0.87 ± 0.62 0.04 ± 0.06
Area of GA (mm2) 5.65 ± 5.13 —

Subfoveal CT (mm) 185.2 ± 79.8 216.8 ± 58.8
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Best-corrected visual acuity showed a significant corre-
lation with subfoveal CT (R = 20.509; P = 0.002) and
with GA area (R = 0.612; P , 0.001), but not with CVI
(P . 0.05).
Values of BCVA, area of GA, and all choroidal

parameters collected in patients with GA after a mean
follow-up period of 18.3 ± 8.3 months (range 9–29
months) were also reviewed. Subfoveal CT signifi-
cantly decreased from the baseline value of 185.2 ±
79.8 mm to 152.2 ± 73.1 (P = 0.001), and mean area
of GA significantly increased from 5.65 ± 5.13 mm2

to 6.29 ± 4.50 (P , 0.001), whereas BCVA did not
change significantly (P . 0.05). In addition, SA
increased from 0.138 ± 0.090 mm2 to 0.156 ±
0.068 (P = 0.028), CVI decreased from 65.83 ±
3.95 to 62.24 ± 3.63 (P , 0.001), whereas no signif-
icant changes of TCA and LA were observed (both
P . 0.05) (Figure 2).

Discussion

Changes in the choroidal structure and physiology
are considered important mechanisms involved in the
pathogenesis of AMD.20 Ex vivo histopathological
studies reported loss of choriocapillaris and decreased
choroidal vascular density in eyes with GA.21,22 Fur-
thermore, reduced choroidal blood flow has been
documented also by means of fluorescein angiography
and indocyanine green angiography,23 laser Doppler
flowmetry,24 and wavelet augmented B-scan
ultrasonography.25

Ocular coherence tomography is considered the
reference standard imaging method to diagnose and
stage GA.26 In this study, we used a novel tool applied
on EDI-OCT images to investigate the vascular status
of the choroid in both patients with GA secondary to
AMD and healthy matched control subjects. This
semiautomated tool permits to calculate four different
parameters related to the conditions of the stromal and
vascular components of the choroid, namely TCA,
LA, SA, and CVI.10

We found that TCA, LA, and CVI values were
lower in patients with GA compared to control
subjects. Because CVI represents the proportion of
LA to TCA, its reduction occurs in the presence of
a higher reduction of LA (numerator of the ratio)
compared with TCA (denominator). This phenomenon

Table 2. Choroidal Parameters Obtained With the Image
Binarization Protocol in Patients With GA and Control

Subjects

Characteristic GA Group Control Group P

TCA (mm2) 0.400 ± 0.239 0.491 ± 0.132 0.006
LA (mm2) 0.263 ± 0.152 0.340 ± 0.094 0.002
SA (mm2) 0.138 ± 0.090 0.151 ± 0.042 0.092
CVI (LA/TCA) 65.83 ± 3.95 69.33 ± 3.11 ,0.001

Significant P values (, 0.05) are in bold.

Fig. 2. Enhanced-depth imag-
ing OCT in a representative
patient with GA at baseline (A)
and after 22 months (B). Cho-
roidal vascularity index calcu-
lated with the OCT images
binarization algorithm was 0.68
at baseline (A) and decreased to
0.65 after the follow-up (B).
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may be explained by a more pronounced reduction of
the vascular network of the choroid compared with the
stromal tissue. In addition, we also evaluated the
longitudinal changes of choroidal parameters over
time in patients with GA. In particular, we observed
a further reduction of the CVI and an increase of SA
after the follow-up period compared with baseline
values. Despite the cause–effect relationship between
choroidal vascular abnormalities and retinal atrophy
onset and/or progression could not be ascertained from
this in vivo imaging technique, our findings further
support the presence of choroidal vascular dysfunction
in the setting of GA.
To the best of our knowledge, the current study

provides the first analysis of CVI in the setting of GA
secondary to AMD. Our results are consistent with
those obtained from other studies in patients with
earlier stages of dry AMD, different forms and stages
of exudative AMD, and even in the fellow clinically
nonaffected eye of the same patients.14–17

It is already known that the exudative and nonexu-
dative types of AMD show different patterns of
choroidal vascular changes over the course of the
disease, with choroidal ischemia being present in
nonexudative AMD, and enhanced blood supply in
exudative AMD.25 The only previous study that attemp-
ted to analyze the choroidal vascular changes in both
the types of AMD reported a statistically significant
reduction of CVI, without any difference between the
two subgroups.17 To exclude possible confounding fac-
tors derived from these two different subsets, we
included in our analysis only patients with GA second-
ary to nonexudative AMD, providing the first quantifi-
cation of choroidal vascular changes in this condition.
Corvi et al evaluated choroidal structure in patients

with drusen and reticular pseudodrusen. Although CVI
did not change between the two groups, a more
pronounced reduction of TCA, LA, and SA was found
in the reticular pseudodrusen group.27 This finding
suggests that alterations of the choroid structure occur
in AMD since its early stages. Recently, Invernizzi
et al18 described an increase of CVI values in eyes
with inactive AMD, which developed later an active
stage of the disease, whereas no changes were
observed in eyes that did not develop choroidal neo-
vascularization over the entire follow-up period. Geo-
graphic atrophy and choroidal neovascularization can
occur simultaneously in the same eye, with GA occur-
ring first in most cases.28 Therefore, serial CVI mea-
surement might be a useful tool to potentially predict
the development of active choroidal neovasculariza-
tion in patients with GA.
Choroidal thickness represents another parameter

commonly used to assess choroidal status in the setting

of various retinal and choroidal diseases, including
GA. In our work, a reduction of CT was observed in
patients with GA compared to controls, in agreement
with previous studies.29–31 However, this parameter
measures the thickness at a single point of the choroid
on vertical and horizontal scans, providing partial
information, particularly in cases of fovea-sparing
GA.32 Conversely, CVI seems to be a more useful
parameter providing insight into choroidal status,
thanks to the quantitative assessment of the different
structural components on a wider choroidal portion.
The present technique evaluated the entire choroidal

layer and did not separately analyze the choriocapil-
laris, the medium choroidal vessel layer (Sattler’s
layer), and the large choroidal vessel layer (Haller’s
layer), and this issue represents the major limitation of
the study, along with its retrospective nature and the
variable follow-up. Future advances would allow to
automatically detect and differentially analyze these
layers to provide deeper insight on their involvement
during the progression of the disease.33 However, pa-
tients examined in our study were affected by late-
stage nonexudative AMD, and this aspect might
hamper to clearly identify and separate each layer.
In conclusion, the binarization of EDI-OCT choroi-

dal images allowed to distinguish patients with GA
from control subjects. This study showed for the first
time that CVI, along with the TCA and the LA, are
reduced in this subset of patients. In addition, CVI
further worsened over the follow-up period in patients
with GA.

Key words: age-related macular degeneration, geo-
graphic atrophy, choroidal vascularity index, optical
coherence tomography.
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