
Evaluation of Retinal Vessel Density and Foveal 
Avascular Zone in Unilateral Exudative Choroidal 
Neovascularization by Optical Coherence Tomography 
Angiography

Introduction

Age-related macular degeneration (ARMD) is a common 
eye disease that causes progressive vision loss in the elderly 
population worldwide (1). According to Age-Related Eye 
Diseases Study (AREDS) severity scale, early-stage ARMD 

includes medium-sized drusen (>63 µm and ≤125 µm), inter-
mediate-stage ARMD includes large-sized drusen (>125 µm) 
or any pigment abnormalities, and late-stage ARMD includes 
neovascularization (exudative) or geographic atrophy (GA, 
nonexudative) (2). Neovascular-exudative ARMD (eARMD) 
is characterized by abnormal angiogenesis complex mostly 
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originating from the choroidal circulation and to a less ex-
tent from the retinal vascular network, which are initiated 
by high level of vascular endothelial growth factor (VEGF) 
production. The aberrant vessels grow within the sub-reti-
nal or sub-retinal pigment epithelium (RPE) spaces and are 
prone to leakage that results in fluid accumulation, hemor-
rhage, and finally, fibrosis (3). Despite the advent of VEGF 
inhibitors, late-stage ARMD remains the third leading cause 
of visual impairment and legal blindness (4).

ARMD is diagnosed by clinical examination and color fun-
dus photography assessment. Fluorescein angiography (FA) is 
conventionally employed to confirm the presence of neovas-
cularization and its location. The extent of fluorescein dye 
leakage is used to reveal the subtypes of the eARMD. With 
advances in imaging technology, fundus autofluorescence 
(FAF) imaging, spectral-domain optical coherence tomog-
raphy (SD-OCT) and swept-source OCT-angiography (SS-
OCTA) have emerged as non-invasive approaches (5).

ARMD is a bilateral disease, and approximately 20% of 
patients with early-stage ARMD are prone to the develop-
ment of either GA or neovascularization. Once neovascu-
lar ARMD develops in one eye, subsequently, there is an 
increased risk of neovascularization in the fellow eye (6,7). 
Furthermore, post-mortem evaluations have shown the de-
velopment of “nonexudative neovascularization” in early or 
intermediate-stage ARMD (8). Therefore, it is important to 
recognize the process underlying the transformation from 
early stage to late-stage ARMD or nonexudative to eARMD 
that would improve our ability to orient our efforts for the 
prevention of this devastating disease.

The presence of functional and morphological alterations 
in the second eye of patients with unilateral eARMD by 
multi-modal imaging technologies including FA, indocyanine 
green angiography, FAF, and OCT have been reported (9). 
With advanced image-processing software, OCTA has also 
provided the capability to assess the alterations in retinal 
and choroidal vascular circulation which may play a role as 
precursor biological signs of eARMD development (10,11).

The major aim of the current study was to evaluate treat-
ment-naïve patients with eARMD in one eye and early/inter-
mediate-stage nonexudative ARMD (neARMD) in the fellow 
eye by SS-OCTA to assess retinal vascular alterations in both 
eyes.

Methods

This retrospective, cross-sectional, comparative study was 
performed at the department of ophthalmology of a ter-
tiary center. The study protocol was approved by the Insti-
tutional clinical research ethics committee (2011-KAEK-25 
2019/03-31) in accordance with the tenets of the declaration 
of Helsinki.

Study Population

We retrospectively recruited 70 eyes of 35 patients (17 fe-
males) with first diagnosis (treatment- naïve) of neovascular 
eARMD in one eye and early/intermediate-stage neARMD 
in the fellow eye (control eyes) that were consecutively re-
ferred to our ophthalmology clinic for diagnosis and treat-
ment. Neovascular eARMD diagnosis was confirmed by 
color fundus photographs, FA, and OCT examinations. Both 
Type I (occult, sub-RPE) and Type II (classic, sub-retinal) 
neovascular eARMD forms were included in the study.

A totally 50 patient’s files were evaluated for enrollment, 
and 15 of it excluded for meeting the exclusion criteria: any 
disorder of the optic nerve or retina, refractive error >±3.00 
D, amblyopia, history of intraocular surgery, congenital or 
juvenile glaucoma, a history of ocular trauma, systemic dis-
eases influencing microvasculature such as diabetes mellitus 
and chronic renal diseases, ocular media opacity such as 
cataract precluding high-quality imaging, disagreement with 
the study protocol and disability to cooperate with image ac-
quisition. Patients with solid organ transplants or any other 
systemic diseases and patients under any treatment were 
also excluded due to potential independent effects on the 
retinal microvasculature. 

Examination Protocol and Study Measurements

The ophthalmologic examination includes best-corrected 
Snellen visual acuity (20 feet) (BCVA), anterior and poste-
rior segment examination with slit-lamp biomicroscopy, and 
intraocular pressure measurement (CT.1P, Topcon, Japan). 
BCVA was converted to logMar for statistical analysis. Each 
subject underwent SS-OCTA imaging by RTVue XR Avanti 
OCT device with AngioVue software (Optovue, Inc., Fre-
mont, CA, USA) by the same examiner (GDC). SS-OCTA 
has provided a detailed analysis of images of retinal superficial 
and deep microvasculature at a resolution of 5 µm in three 
dimensions by phase or amplitude decorrelation technology. 
The macular SS-OCTA images were obtained in 6 × 6 mm 
frame, and each contains 400 × 400 A-scans. To improve the 
signal-to-noise ratio (dB) and eliminate the motion artifact, 
SS-ADA technology was used, and horizontal and vertical 
images were merged in each measurement. Scans that were 
not centered, those with a low-signal strength index (<8/10), 
or incorrectly segmented images were all excluded by or 
manually corrected if necessary.

A circle with a radius of 1.25 mm from the foveola was 
used to evaluate capillary vessel density (CVD). The entire 
enface microvasculature was evaluated in the 6 × 6 mm area 
(foveal = 1 mm, parafoveal = 3 mm, and perifoveal = 6 mm). 
Superficial retinal capillary plexus (SCP) was automatically 
segmented between internal limiting membrane (ILM) to 
outer boundary of the inner plexiform layer (IPL). Deep 
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retinal capillary plexus (DCP) was automatically segmented 
between an inner boundary of the IPL and outer boundary 
of the outer PL (OPL). The CVD shows the percentage area 
(%) occupied by microvasculature in the segmented area. In 
the case of macular scans, the following CVD parameters 
were evaluated for both the SCP and DCP: whole image, 
superior hemisphere, inferior hemisphere, foveal, parafoveal, 
and perifoveal.

The FAZ area was measured using a slab from the ILM to 
outer boundary of the OPL. Area (mm2), perimeter (mm), cir-
cularity index (CI), and foveal density (FD) were evaluated as 
FAZ parameters. CI was defined as the ratio of the perimeter 
of the FAZ to the perimeter of a circle with equal area (12).

Eyes were qualitatively evaluated for OCTA biomarkers 
of choroidal neovascularization (CNV) morphology as de-
scribed by Coscas et al. (13) Five criteria were considered 
to determine the pattern of CNV: (1) shape (lacy-wheel or 
sea-fan), (2) vessel branching (numerous tiny capillaries), (3) 
the presence of anastomoses and loops, (4) morphology of 
the vessel termini (presence of a peripheral arcade), and (5) 
presence of a perilesional hypointense halo (flow impair-
ment, steal or localized atrophy). If a CNV lesion showed 
at least three of these features, it was assessed as Pattern I 
(active-recent lesion). If it showed less than three criteria, it 
was considered Pattern II (mature lesion).

Statistical Analysis

SPSS 20 package program (IBM Corp., Version 20.0, NY, 
USA) was used for analysis. The results were presented for 
categorical variables as numbers. Age, sex, and refractive er-
ror were included in the model as biological and adjustment 
factors. Parametric and nonparametric tests, including Wil-
coxon signed-rank test and Student’s t-test were used to 
compare quantitative variables. Results were represented as 
mean ± SD (standard deviation). The confidence interval was 
found through Cronbach’s alpha analysis. The significance for 
all analyses was set at p≤0.05.

Results

The mean age was 72.0±8.9 years (range 59–87). The mean 
BCVA was 0.7±0.5 logMar for the neovascular eARMD eyes 
and 0.4±0.3 logMar for the fellow eyes (p=0.012). Nineteen 
patients (54.3%) have Type I CNV and 16 patients (45.7%) 
have Type II CNV.

The assessment of the predetermined parameters could 
be realized in all eyes, allowing sufficient quality on the mac-
ular OCTA images. The mean FAZ area measured 0.30±0.11 
mm2 in the neovascular eARMD eyes and 0.27±0.11 mm2 
in the fellow eyes (p=0.387). The mean perimeter and FD 
(%) were similar between study groups (p=0.655 and 0.151, 
respectively). The CI measured 1.15±0.03 in neovascular 

eARMD eyes and 1.11±0.05 in the fellow eyes (p=0.014).
Post hoc analysis revealed that no statistically significant 

differences were existed between neovascular eARMD eyes 
and fellow eyes in any measurement of the macular SCP 
and DCP’s CVD. The quantitative results are summarized 
in Table 1.

In the OCTA morphological analysis, in 13 eyes (37.1%), 
the lesion was defined as Pattern I, and the remaining 22 
(62.9%) as Pattern II. Figure 1 depicts Pattern I and Pattern 
II CNV. We did not note any significant correlation between 
CNV type/pattern and the vascular parametrics.

Discussion

This study considered information provided by OCTA re-
garding retinal vascular network alterations in eyes affected 
by CNV in comparison with the fellow eyes. In-vessel den-
sity (VD), analysis of the eyes with CNV and their fellow 
eyes showed similar values with regard to SCP and DCP. The 
FAZ area was larger in CNV eyes than that in fellow eyes; 
however, the difference was insignificant. Similarly, the FAZ 
CI was larger in CNV eyes than that in fellow eyes, and the 
difference was statistically significant.

Previous angiographic and histopathologic studies have 
shown reduced choriocapillaris density in eyes with ARMD 
(14,15). Recent studies using OCTA also supported the im-
paired choroidal blood flow, demonstrating reduced chori-
ocapillaris density across a spectrum of ARMD phenotypes 
from dry to wet type (16,17). Further, the existence of chori-
ocapillaris nonperfusion in fellow eyes of unilateral eARMD 
patients has proved to be an indicator for the possible devel-
opment of exudation on OCTA images (18).

Although the impact of the impaired choroidal vascula-
ture in ARMD pathogenesis has been well-documented, the 
participation and role of retinal vasculature in ARMD patho-
genesis is less clear. First, Toto et al. showed that both SCP 
and DCP are altered among patients affected by ARMD, and 
this alteration starts immediately at the intermediate ARMD 
stage (19). Another study revealed a possible protective role 
of the presence of the cilioretinal artery based on color fun-
dus photographs from the AREDS (20). Lee et al. have re-
ported retinal vascular changes to precede the development 
of late-stage ARMD signs (21). However, the impact of the 
retinal vasculature on advanced stages of ARMD remains un-
clear. More recently, Lee et al. found that CVD in the SCP is 
reduced in eyes with eARMD as compared to neARMD (22). 
They found no differences in FAZ area, perimeter, or circular-
ity between eARMD and neARMD groups. Although a slight 
not a significant decrease was found in the parafoveal CVD of 
the DCP in the eARMD eyes, our findings are not in accor-
dance with the prior studies showing a significant decrease in 
overall retinal CVD. Furthermore, we did note an expansion 
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in FAZ area and an increase in CI in eARMD eyes than those 
of fellow eyes. Shin et al. evaluated the foveal microvascu-
lature in patients with intermediate-to-late stage neARMD 
with OCTA and found that the FAZ area and perimeter in 
the neARMD patients were larger than those in the controls 
(23). In addition, they found that VD and perfusion density 
were significantly lower in neARMD patients than those of 
the controls. In the current study, we only included treat-
ment-naive patients, and the majority of patients (62.9%) had 
Pattern II CNV lesion that may be considered more inactive 
or mature. In addition, 54.3% of patients had Type I CNV 
lesion. These findings may have caused the CVD values not 
to be different. Furthermore, the retrospective design of our 
study and the lack of the control group consisting of healthy 
volunteers might have masked the relationship between reti-
nal vascular values and the stage of the ARMD. According to 
these results, we can only conclude that the unilateral exuda-
tive CNV development was not a consequence of any alter-
ation in the retinal CVD, but the enlargement of FAZ area 
and increase of circularity may either be a cause or a result of 
the ARMD pathogenesis in this study cohort.

It has been accepted that there is a mutualistic sym-
biotic relationship within the photoreceptor/RPE/Bruch 
membrane/choriocapillaris complex, and this relationship 
is lost in both forms of ARMD (24). Hereby, the authors 
are aware that outer retinal layer changes due to vascular 
and/or inflammatory events are important to maintain this 
relationship healthy in any stage of the ARMD. Apart from 
the pro-inflammatory milieu, the loss of the vascular supply 
to outer retina-choriocapillaris complex may be the initial 
insult to this complex. Although it has definitively been ac-
cepted that the blood supply of the outer retina-RPE-Bruch 
membrane complex is originated from the choriocapillaris, a 
limited number of study showed that the superficial retinal 
circulation may have an impact on the integrity of the outer 
retinal layers (25). Trinh et al. found that the radial peripap-
illary capillary plexus sparing and underlying retinal vascular 
impairment can cause potential anterograde trans-synaptic 
degeneration in ARMD pathogenesis (26).

Our study did not include any evaluation of the chori-
ocapillaris vascular parameters. If choroidal alterations are 
present in our study population, it may also be the cause 

Table 1. The quantitavive analysis of retinal vessel density and FAZ parameters in both groups

		  Nonexudative Eyes	 Exudative Eyes	 P

		  (n=35)	 (n=35)

Vessel Density, SCP Flow (%)

	 Whole Retina	 44.84±4.73	 45.03±4.91	 0.891

	 Superior-Hemisphere	 44.81±4.80	 45.02±5.21	 0.893

	 Inferior-Hemisphere	 44.92±4.84	 44.96±4.86	 0.974

	 Fovea	 18.85±8.57	 23.27±10.53	 0.143

	 Parafovea	 46.49±5.67	 46.69±4.64	 0.894

	 Perifovea	 45.60±5.12	 46.11±5.39	 0.757

Vessel Density, DCP Flow (%)			 

	 Whole Retina	 45.35±7.17	 45.02±6.42	 0.871

	 Superior-Hemisphere	 45.12±7.94	 45.24±7.15	 0.957

	 Inferior-Hemisphere	 45.55±6.59	 44.73±6.39	 0.674

	 Fovea	 33.62±8.21	 36.56±12.61	 0.386

	 Parafovea	 50.36±5.86	 47.71±5.52	 0.125

	 Perifovea	 46.09±7.93	 45.85±6.86	 0.918

FAZ Parameters			 

	 FAZ area (mm2) 	 0.305±0.11	 0.271±0.11	 0.387

	 FAZ perimeter (mm)	 2.15±0.43	 2.07±0.55	 0.655

	 CI	 1.11±0.05	 1.15±0.03	 0.014

	 FD (%)	 49.83±7.43	 46.76±5.69	 0.151

SCP: Superficial capillary plexus; DCP: deep capillary plexus; FAZ: Foveal avascular zone; CI: Circularity Index; FD: 
Foveal Density. aPaired samples t-test.
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of the current findings. Therefore, a combined effect of the 
outer retinal flow area decrease and choriocapillaris circula-
tion deficits is still valid in ARMD pathogenesis.

Study Limitations

This study has some limitations. We did not include healthy 
volunteers to see the retinal vascular alterations in ARMD 
patients regardless of the stage of the disease. Relatively 
small number of patients was another limitation. We did not 
evaluate the axial length which may have a possible impact 
on the vascular metrics in OCTA. Nevertheless, we included 
only the patients who have spherical equivalent values be-
tween ±3D that can be ignored in the final evaluation. It is 
worth noting that the retrospective design of the study pre-
vents us to interpret the difference found in FAZ circularity 
was as a consequence of CNV development or as a cause 
that increases the risk of developing CNV.

Conclusion

The current literature could not clearly determine the rela-
tionship between retinal vascular density and photorecep-
tor/RPE/choriocapillaris complex. We advocate that both 
the retinal circulation and photoreceptor/RPE/choriocapil-
laris complex can affect each other at a certain stage. The 

strength of our study is describing that potential retinal 
vascular alterations will result in ARMD development and/
or progression. OCTA can serve as a potential to provide 
location-specific data in a depth-resolved fashion that may 
better guide for early diagnosis and management strategies 
of ARMD in the future.
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Figure 1. Optical coherence tomography angiography scan with corresponding OCT B-scan taken at 
the level of the outer retina to show the morphology of the CNV. (a) Pattern I lesion, the entire exten-
sion of a sea-fan Type I CNV is shown: Large mature vessels, branching into tinny capillaries toward the 
periphery, anastomoses, loops, and peripheral arcades are visible (yellow circle). (b) Pattern II lesion, 
dead tree appearance Type I CNV is shown: long filamentous linear vessels, branching into rare large 
mature vessels, with rare or absent anastomoses (yellow circle).
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