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Diabetes mellitus (DM), a chronic condition linked to 
vascular complications, including microvasculature changes 
caused by diabetic retinopathy, is rapidly growing in global 
prevalence. Diabetic retinopathy (DR) affects approximately 
one-third of patients with DM, making it one of the most 
common and severe ophthalmic complications [1,2]. Vision 
loss in DR is caused by macular edema and ischemia, as well 
as retinal neovascularization, which can lead to tractional 
retinal detachment (RD) and vitreous hemorrhage. Therefore, 
timely ophthalmological monitoring of diabetes and potential 
DR complications is needed for patients with DM [2].

To visualize the retinal microvasculature, fluorescein 
angiography (FA) and optical coherence tomography angi-
ography (OCT-A) are used in the diagnosis and clinical 
management of DR. FA has been used for several decades as 
an invasive test to identify the earliest detectable signs of DR, 
including microaneurysms and enhanced capillary perme-
ability, as well as signs of advanced DR, such as neovascular-
ization, evident from the leakage of FA dye into the vitreous. 
Relative to the more established FA imaging, the more recent 
OCT-A technology is advantageous for the management of 
DR because it produces rapid, high-resolution, non-invasive 
cross-sectional images of the retina that include both the deep 

vascular complex (DVC) and superficial vascular complex 
(SVC), as opposed to FA, which only visualizes the SVC. 
This allows for the visualization of additional depth in the 
microvasculature relative to FA [3,4].

Although FA is currently considered the gold standard 
for retinal angiography, a growing body of literature indicates 
that OCT-A is a promising biomarker for DR [5,6]. Quantita-
tive measures from OCT-A derived from software such as 
Optovue (Fremont, CA) allow for the measurement of retinal 
perfusion, which is impossible with FA. Decreased retinal 
vessel density (VD) and increased foveal avascular zone 
(FAZ) have been found to correlate positively with graded 
increases in DR severity and decreased visual acuity (VA). 
Both the SVC and DVC have shown correlations, but the 
DVC correlation has been found to be stronger. This may 
be because the DVC is more susceptible to ischemia from its 
location in a watershed zone near the outer plexiform layer, 
which has high oxygen requirements [7].

Most studies on OCT-A as a DR biomarker have focused 
on cross-sectional analyses. Studying the correlation of 
retinal VD with VA and disease severity longitudinally can 
provide insight into the applicability of OCT-A for monitoring 
DR progression. The longitudinal relationship between DR 
treatment and VD has not been thoroughly studied. There are 
two aims of this study. The first aim is to determine the cross-
sectional association of VD in the superficial and deep layers 
of the retina using OCT-A with DR relative to the clinical 
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stage of the disease and VA. The second aim is to determine 
the longitudinal impact of DR anti-VEGF treatment on VD in 
the superficial and deep layers of the retina using OCT-A. If 
VD can be correlated with clinically determined DR severity 
and treatment, then OCT-A information can be used as a 
biomarker to guide DR diagnosis and treatment management, 
as well as to monitor disease progression.

METHODS

This retrospective cohort study examined the OCT-A imaging 
data and corresponding electronic medical records of patients 
diagnosed with DR at the Glick Eye Institute in Indianapolis, 
Indiana, between 2018 and 2020. This study received Insti-
tutional Review Board (IRB) approval under the exemption 
category (IRB 2005759261). This study was IRB approved as 
exempt under the category of research involving data collec-
tion without subject interaction. All data were entered in an 
Excel spreadsheet (Microsoft Corporation, Redmond, WA).

The studied outcomes were VA, cross-sectional and 
longitudinal demographic measurements, and VDs based 
on the clinical diagnosis of non-proliferative diabetic reti-
nopathy (NPDR), including mild and moderate/severe 
forms, or proliferative diabetic retinopathy (PDR). VA was 
clinically determined using a Snellen chart for visual acuity 
and then converted to a log of minimal angle of resolution 
(logMAR) measurement to quantify low levels of visual 
acuity (described as hand motion, counting fingers, and 
light perception) that were not quantified using the standard 
Snellen chart [8].

In accordance with the AngioVue System manufac-
turer guidelines (Optovue, Fremont, CA), only images of 
a scan quality of six or greater were used in the analysis. 
Scan quality was determined by the signal strength index, a 
measure of reflected light brightness during the image scan-
ning process. OCT-A images that were less than six in scan 
quality were excluded. Quality scans of patients diagnosed 
with DR were excluded if they were concurrently diagnosed 
with RD. Patient eyes with panretinal photocoagulation 
(PRP) were excluded from the longitudinal analyses.

The retinal VDs were quantified using OCT-A imaging 
of the whole retina and the foveal and parafoveal areas of the 
retina in both the SVC and DVC using AngioVue (Optovue), 
as shown in Figure 1A. The OCT-A images acquired measure 
6 × 6 mm sections of both the SVC and DVC, centered on the 
fovea, with the whole image to calculate VD including all 
these areas. The SVC is defined automatically by the Angi-
oVue software as the plexuses between the vitreous/internal 
limiting membrane (ILM) segmented line and the inner 
plexiform layer (IPL)/inner nuclear layer (INL) segmented 

line. Meanwhile, the DVC is delineated between the IPL/INL 
segmented line and outer plexiform layer (OPL)/outer nuclear 
layer (ONL) segmented line (Figure 1B). The foveal VD area 
is composed of a 1.5 mm diameter area at the center of the 
fovea. The parafoveal VD area is the area between the 1.5 mm 
diameter foveal area and a circle, 3 mm in diameter, centered 
on the fovea.

Cross-sectional: The inclusion criteria included patients diag-
nosed with DR who had at least one quality OCT-A image 
of a DR eye taken during the timeframe of the study. The 
statistical analysis for this portion of the study was completed 
using Wizard for Mac (version 1.9.42, Evan Miller, Chicago, 
IL).

A multivariate regression analysis with a post hoc Sidak 
analysis was completed using the VD measurements of the 
superficial and deep retinal layers as the dependent variables 
and DR diagnosis, logMAR, age, gender, and race as the inde-
pendent variables. An ANOVA was performed to compare the 
DR diagnosis groups (mild NPDR, moderate/severe NPDR, 
and PDR) to measure VD. To clarify the protocol used, the 
Sidak post hoc test was used to better adjust the significance 
level for multiple comparisons in the multivariate analysis.

Longitudinal: The inclusion criteria for the longitudinal 
portion of the analysis were the same as those of the cross-
sectional analysis, except that only patients with OCT-A 
images taken at a minimum of two time points during 
the study window were included. IBM SPSS Statistics for 
Windows software (version 24.0, IBM Corp., Armonk, NY) 
was used for the statistical analysis of this part of the study.

A linear, mixed model analysis was performed to 
examine the longitudinal relationship of anti-VEGF DR treat-
ment compared to no treatment during the study window. To 
determine the relationship between treatment over time and 
retinal VD, factors with significance in the cross-sectional 
analysis were incorporated into the model, including DR 
diagnosis, age, and logMAR. The VD measurements were 
the dependent variables in the model, DR diagnosis and 
treatment were the factors, and months from baseline, age, 
and logMAR were the covariates. The unique patient identi-
fication numbers were the random effects of the model. This 
model allowed the intrapersonal and interpersonal differences 
in the time between OCT-A scans, or in other words, the vari-
ability between and within subjects, to be accounted for with 
the retrospective analysis. The model is flexible because of 
the ability to have missing time datapoints. Unlike a tradi-
tional multivariate regression model, which only has fixed 
effects, this model can account for these effects, as well as 
random effects associated with each patient’s OCT-A scan 
measurements [9].
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RESULTS

There were no statistically significant differences (p>0.05) 
between the DR diagnosis groups based on age, gender, race, 
or DR treatment, as well as medical or surgical history of 
sleep apnea, cataract surgery, glaucoma, or hypertension 
once eyes with a history of RD were removed. Patients 
with a history of RD in the OCT-A image eye (n = 8 for 
the cross-sectional analysis and n = 6 for the longitudinal 
analysis) were removed from the analysis because they were 
unevenly distributed in only the PDR group, which created 
a confounding bias and a significant difference between the 
DR diagnosis and treatment groups. If the opposite eye was 
not affected by RD, those OCT-A scans were included in 
the analysis. Table 1 summarizes the characteristics of the 
scans, eyes, and patients included in the cross-sectional and 
longitudinal analyses.

Cross-sectional: The baseline OCT-A images were from 91 
patients who met the eligibility criteria and had a combined 
total of 151 eye scans taken (33 eyes from 20 patients with 
mild NPDR, 84 eyes from 51 patients with moderate/severe 
NPDR, and 34 eyes from 22 patients diagnosed with PDR). 
There were 319 OCT-A excluded because of low scan quality 
(<6), and 45 scans were excluded because the patients were 

not diagnosed with DR. Figure 2 shows representative SVC 
and DVC OCT-A images, as well as corresponding B scans 
of maculae. As shown in Table 2, the mean and standard 
deviation of SVC based on diabetic retinopathy severity was 
44.75 ± 1.65 for mild NPDR, 44.36 ± 0.92 for moderate/severe 
NPDR, and 40.85 ± 1.527 for PDR. The mean and standard 
deviation of DVC based on diabetic retinopathy severity was 
45.18 ± 2.01 for mild NPDR, 43.43±1.21 for moderate/severe 
NPDR, and 42.35 ± 1.50 for PDR.

In multivariate regression analysis, the whole and parafo-
veal SVC density positively correlated with lower DR severity 
(p<0.001). Compared to PDR scans, mild NPDR scans had 
greater VD in whole and parafoveal SVC areas (p<0.001, β 
= 3.87, 95% CI = 1.76 to 5.73; p<0.001, β = 5.78, 95% CI = 
3.07 to 8.50) and moderate/severe NPDR scans had greater 
VD in whole and parafoveal SVC areas (p<0.001, β = 3.69, 
95% CI = 1.96 to 5.43; p<0.001, β = 4.93, 95% CI = 2.70 to 
7.17). The DVC parafoveal VD also correlated positively with 
lower DR severity (p<0.001) as compared to PDR scans, mild 
NPDR scans had greater VD in both the whole and parafoveal 
areas (p = 0.028, β = 2.93, 95% CI = 0.31 to 5.54; p<0.001, 
β = 4.67, 95% CI = 2.07 to 7.27). Table 2 provides the full 
details of these multivariate linear regression analysis results. 

Figure 1. Optical coherence tomog-
raphy angiography (OCT-A) and 
segmentation. A: 6 × 6 mm OCT-A 
scan of the whole macula superfi-
cial vascular complex (SVC) area 
(1). Contained within the whole 
area used to calculate the whole 
VD, including the fovea (2) and 
parafovea (3–6). B: The B scan 
indicates the automatic separation 
of the SVC from the DVC at the 
inner plexiform layer (IPL)/inner 
nuclear layer (INL) segmented line 
in blue. The SVC is defined from 
the vitreous/ILM segmented line 
(red) to the IPL/INL segmented line 
(green), while the deep vascular 
complex (DVC) is defined from the 
IPL/INL segmented line (green) 
to the OPL/ONL segmented line 
(blue). The VD of the SVC (D) and 
the scanning light ophthalmoscopy 
(E) are shown for reference.
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Table 3 and Figure 3 show the relationship between retinal 
VD and DR severity groups. The post hoc Sidak analysis did 
not change the significance of these findings.

LogMAR was found to be negatively correlated with 
whole and parafoveal SVC VD (p<0.001, β = -5.33, 95% CI 
= -8.05 to -2.61; p<0.001, β = -7.63, 95% CI = -11.13 to -4.13) 
and whole and parafoveal DVC VD (p<0.001, β = -7.04, 95% 
CI = -10.40 to -3.68; p<0.001, β = -8.61, 95% CI = -11.97 to 
-5.27). The logMAR increased with decreased VA, so these 
measures reflected a positive correlation between better 
VA and increased VD. In contrast to this trend, worse VA 
was correlated with increased VD in the SVC foveal area 

(logMAR positively correlated with VD; p = 0.021, β = 6.04, 
95% CI = 0.93 to 11.15). The SVC parafoveal VD was found 
to positively correlate with age (p = 0.006, β = 0.094, 95% CI 
= 0.03 to 0.16), but no other relationships between VD and 
age, gender, or race were found to be statistically significant.

Longitudinal: OCT-A images from 35 patients (48 eyes) who 
met the eligibility criteria had a total of 141 quality OCT-A 
scans during the study’s timeframe (12 scans of six eyes from 
five patients with mild NPDR, 95 scans of 33 eyes from 22 
patients with moderate/severe NPDR, and 34 scans of 11 eyes 
from eight patients with PDR). Of the included scans, 36 were 
of patients who received anti-VEGF treatment, including 29 

Table 1. Demographic information on DR patients included in cross-sectional and longitudinal analysis.

Demographic Variable Cross-Sectional Longitudinal
OCT-A scans, n 151 149
Patients, n 93 36
Eyes, n 151 51
OD, n (%) 76 (50.3%) 24 (47.1%)

Mean logMAR of eyes (range) 0.18 
(−0.125- 1.301)

0.209 
(−0.125–1.301)

Mean age ± SD, years (range) 56±13.8 
(18–79)

58±12.5 
(22–78)

Male, n (%) 47 (49.5%) 19 (52.8%)
DR diagnosis, n of eyes (%)    

Mild NPDR 33 scans/eyes (21.9%)
11 scans (7.4%) 
9 scans with anti-VEGF (7.1%) 
6 eyes (11.8%)

Moderate/severe NPDR 84 scans/eyes (55.6%)
97 scans (67.4%) 
84 scans with anti-VEGF (76.4%) 
31 eyes (60.8%)

PDR 34 scans/eyes (22.5%)
41 scans (27.5%) 
34 scans with anti-VEGF (26.8%) 
14 eyes (27.5%)

Anti-VEGF, n (%) 28 scans/eyes (18.5%) 127 scans (85.2%) 
41 eyes (80.4%)

Medical history, n (%)    
Cataract surgery 23 eyes (15.2%) 8 eyes (15.7%)
Glaucoma 20 eyes (13.2%) 8 eyes (15.7%)
Hypertension 87 patients (93.5%) 33 patients (91.7%)
Sleep apnea 15 patients (16.1%) 10 patients (27.8%)
Race, n (%)    
African American 43 (46%) 15 (41.7%)
Asian 2 (2.2%) 2 (5.6%)
Native Hawaiians and 
Other Pacific Islanders 2 (2.2%) 0 (0%)

White 46 (49%) 19 (52.8%)

NPDR=non-proliferative diabetic retinopathy; PDR=proliferative diabetic retinopathy; VEGF=vascular endothelial growth factor
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Figure 2. Superficial vascular complex (SVC) and deep vascular complex (DVC) of optical coherence tomography angiography (OCT-A) 
with corresponding B scan by diabetic retinopathy (DR) diagnosis. A-D: Indicate the SVC using 6 × 6 mm OCT-A images centered on the 
fovea  in representative patients with increasing levels of DR severity. E-H: Show the DVC of the same eye with the same dimensions and 
DR. I-L: The color-coated map of the SVC area illustrates the study finding that the whole and parafoveal VD of the SVC decreased with        
increasing DR severity. M-P: Show the corresponding B scans for each level of DR severity  with no evidence of macular edema.

Table 2. Cross-sectional multivariate linear regression analyses of VD by demographic variables.

OCT-A variable Mild NPDR Moderate/severe NPDR PDR Mild NPDR versus 
PDR

Mod/severe NPDR 
versus PDR

SVC          
Whole VD 44.75 +/− 1.65 44.36±0.92 40.85±1.527 p<0.001*, β=3.87 p<0.001*, β=3.69
Foveal VD 17.52±3.26 20.38±1.54 20.04±3.11 p=0.019 p=0.993
Parafoveal VD 45.58±2.27 44.21±1.20 39.11±2.08 p<0.001*, β=5.78 p<0.001*, β=4.93
DVC          
Whole VD 45.18±2.01 43.43±1.21 42.35±1.50 p=0.028*, β=2.93 p=0.378
Foveal VD 34.24±4.01 33.64±1.85 31.12±3.17 p=0.357 p=0.425
Parafoveal VD 50.50±2.08 47.47±1.18 45.91±1.87 p<0.001*, β=4.67 p=0.239
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scans of eight eyes from five patients with moderate/severe 
NPDR that had a mean of 7.75 months of follow-up per eye 
and eight scans of two eyes from two patients with PDR that 
had a mean of eight months of follow-up per eye. Overall, 
the mean follow-up time per patient was 7.65 months, with 
a mean total of three OCT-A scans of each eye. The range 
in follow-up time was from one to 17 months with a mode 
of four months and a median of 6.50 months. The standard 
deviation of follow-up time was 4.06 months.

The parafoveal DVC (p = 0.030, β = -3.277) VD was 
negatively correlated with no treatment compared to 

anti-VEGF treatment. However, this relationship did not 
remain significant when treatment combined with diagnosis 
or months from baseline were accounted for in the analysis. 
Increased VA was positively correlated with SVC whole (p = 
0.004, β = -4.222) and parafoveal VD (p = 0.004, β = -5.564) 
and DVC whole (p = 0.022, β = -4.017) VD as measured by 
logMAR, which is inversely related to VA. Lower DR diag-
nosis severity was positively correlated with SVC parafoveal 
VD (p = 0.009, β = 6.126) and DVC parafoveal VD (p = 0.005, 
β = 5.633) when comparing mild NPDR to higher levels of 
severity. Increased age was positively correlated with SVC 

Table 3. Cross-sectional ANOVA of VD by DR diagnosis.

OCT-A variable Mild NPDR Moderate/severe NPDR PDR P value Adjusted p value
SVC          
Whole VD 44.75 +/− 1.65 44.36±0.92 40.85±1.527 <0.001* <0.003*
Foveal VD 17.52±3.26 20.38±1.54 20.04±3.11 0.214 0.514
Parafoveal VD 45.58±2.27 44.21±1.20 39.11±2.08 <0.001* <0.003*
DVC          
Whole VD 45.18±2.01 43.43±1.21 42.35±1.50 0.098 0.266
Foveal VD 34.24±4.01 33.64±1.85 31.12±3.17 0.328 0.697
Parafoveal VD 50.50±2.08 47.47±1.18 45.91±1.87 0.003* 0.009*

Figure 3. Retinal vessel densities by diabetic retinopathy (DR) diagnosis. Mean vessel densities are shown for each retinal area for each DR 
severity diagnosis. Error bars depict the standard deviations of the vessel densities. Asterisks indicate which retinal areas showed significant 
differences in vessel densities between DR severity diagnosis groups in multivariate regression analysis.
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parafoveal VD (p = 0.031, β = 0.138), as well as both the 

DVC whole VD (p = 0.007, β = 0.120) and parafoveal VD 

(p = 0.002, β = 0.154). The time from the baseline scan was 

not independently correlated with VD. Table 4 indicates the 

complete details of these mixed linear model results. The 

standard error by level of diabetic retinopathy severity was 

1.88 for mild NPDR and 0.92 for moderate/severe NPDR with 

PDR as the comparison group.

Table 4. Longitudinal linear mixed model of SVC and DVC VD by DR diagnosis and treatment.

OCT-A variable SVC whole VD SVC foveal VD SVC parafoveal VD
  F-test β (95% CI) P value F-test β (95% CI) P value F-test β (95% CI) P value

Age 0.41 0.04 (−0.1, 0.1) 0.527 0.03 −0.019 
(−0.222, 0.184) 0.850 5.084 0.138 

(0.013, 0.264) 0.031*

Diagnosis 2.49   0.088 0.07   0.928 3.712   0.028*

Mild NPDR   3.9 (0.1, 7.5) 0.043*  
−1.487 
(−9.250, 
6.276)

0.703  
6.126 
(1.595, 
10.657)

0.009*

Mod/sev NPDR   1.3 (−0.6, 3.1) 0.174   −0.38 (−4.5, 
3.7) 0.857   1.4 (−0.9,3.7) 0.236

PDR   0 -   0 -   0 -

LogMAR 8.69 −4.2 (−7, −1.4) 0.004* 0.01 0.11 (−6.6, 6.8) 0.975 8.801 −5.5 (−9.3, 
−1.9) 0.004*

Time (months) 0.66 0.04 (−0.1, 0.1) 0.420 2.47 0.2 (−0.1, 0.5) 0.119 1.101 0.08 (−0.06, 
0.2) 0.296

Treatment 0.01   0.971 0.73   0.399 0.235   0.631

Anti-VEGF   −0.06 (−3.6, 
3.5) 0.971   2.7 (−3.7, 9.1) 0.399   −0.93 (−4.8, 3) 0.631

No treatment   0 -   0 -   0 -

OCT-A variable
DVC whole VD 
DVC foveal VD 
parafoveal VD

DVC foveal VD DVC parafoveal VD

  F-test β (95% CI) P value F-test β (95% CI) P value F-test β (95% CI) P value

Age 8.26 0.12 (0.03, 0.2) 0.007* 0.961 0.095 
(−0.1,0.29) 0.335 11.551 0.154 (0.06, 

0.25) 0.002*

Diagnosis 1.24   0.297 0.132   0.877 4.283   0.017*

Mild NPDR   2.82 (−0.8, 
6.5) 0.126   −0.10 (−8.0, 

7.8) 0.980   5.63 (1.79, 9.47) 0.005*

Mod/sev NPDR   0.82 (−1.2, 2.8) 0.420   1.02 (−3.28, 
5.3) 0.637   0.60 (−1.02, 

3.19) 0.310

PDR   0 -   0 -   0 -

LogMAR 5.38 −4.01 (−7.45, 
−0.58) 0.022* 3.284 6.5 (−0.6, 13.6) 0.072 1.823 −2.40 (−5.9, 

1.1) 0.180

Time (months) 1.780 0.103 (−0.05, 
0.25) 0.185 2.148 0.22 (−0.08, 

0.51) 0.145 0.593 0.06 (−0.09, 
0.2) 0.443

Treatment 3.662   0.063 0.061   0.807 5.060   0.030*

Anti-VEGF   −2.58 (−5.30, 
0.15) 0.063   −0.76 (−7.02, 

5.50) 0.807 0 −3.28 (−6.2, 
−0.33) 0.030*

No treatment   0 -   0 -   0 -

CI=confidence interval; NPDR=non-proliferative diabetic retinopathy; PDR=proliferative diabetic retinopathy; VEGF=vascular endo-
thelial growth factor; OCT-A=optical coherence tomography angiography. Values with statistical significance are indicated with an as-
terisk (*).
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DISCUSSION

In this study, the VD data from OCT-A scans in patients diag-
nosed with DR were examined to ascertain the relationship 
between VA and DR severity at baseline, as well as their rela-
tionship with anti-VEGF treatment over time, to determine 
the utility of OCT-A as a biomarker in patients with DR. VD 
was found to be positively correlated with better VA for the 
SVC and DVC whole and parafoveal VD as well as less severe 
DR for the whole and parafoveal SVC VD and parafoveal 
DVC VD. When adjusted for age, DR diagnosis, logMAR, 
time, and random individual effects, patients without treat-
ment had lower SVC and DVC foveal VD. Table 4 indicates 
this finding and others are consistent with the cross-sectional 
analysis for the longitudinal analysis. However, this relation-
ship was not significant when the effects of time or treatment 
were concurrently examined with treatment.

VD, which is measured by the percentage of the area 
containing vessels compared to the total section of the image 
of interest, has been shown to have potential as an OCT-A 
biomarker using automated quantification. VD has the ability 
to quantify macular capillary nonperfusion as an indicator 
of ischemia [10], decrease with increasing DR severity 
[11], and decrease with reduced VA [12,13]. The VD of the 
DVC is a predictor of DR progression, while the VD of the 
SVC predicts diabetic macular edema (DME) development, 
although this was not the subject of this study [14]. Measure-
ments of the SVC and DVC parafoveal VD, specifically, 
were found to correlate well with DR severity, with the DVC 
showing reduced VD earlier in the disease course than the 
SVC [15]. The findings of this study are consistent with the 
relationship between VD, VA, and DR severity established 
in the literature.

Anti-VEGF treatment in patients with DR has not been 
shown to worsen or affect macular capillary nonperfusion 
or VD. In the short term, after one month of follow-up, one 
injection of anti-VEGF did not impact VD in patients with 
DME or retinal vein occlusion [16]. When accounting for the 
number of injections of anti-VEGF, up to three, as well as the 
injection type and previous treatment, there was no associ-
ated change in VD in patients with PDR and DME [17]. The 
findings of this study are consistent with the literature, as 
there was no change in VD indicated in the treatment group 
over time after anti-VEGF treatment for more than seven 
months of follow-up. However, the foveal VD in both retinal 
layers was lower in the group that did not receive anti-VEGF 
treatment relative to the treatment group, although this was 
not significant when combined with time or diagnosis.

Increased age correlated positively with parafoveal 
SVC VD, which was unexpected, as healthy control patients 

show decreased VD with aging [18-20]. In the longitudinal 
analysis of this study, this relationship was significant for 
both the SVC and DVC parafoveal VD. In diabetic patients, 
fractal dimension (FD), a measure of vascular complexity, 
has been shown to decrease with aging, and increased DR 
has been associated with FD decreasing with VD [12]. This 
could reflect the thinning of the superficial nerve fiber layer 
as patients age [21]. Alternatively, it might indicate increased 
vascular perfusion of the remaining vessels from the loss of 
pericytes for autoregulation of capillary perfusion following 
progressive diabetic damage to vasculature, a process that 
would be more pronounced in older diabetic patients [22]. 
Thus, VD may appear higher in older patients with diabetes, 
given less autoregulation or increased collateral formation of 
the remaining vessels.

Although FAZ is known to correlate with DR severity 
and VA [15], this relationship was not examined in this study 
because the AngioVue software was unable to quantify the 
large area for a significant number of baseline scans (n = 
30). Patients undergoing PRP treatment were not included 
in the longitudinal analysis due to a possible confounding 
effect (n = 5). The effects of PRP on VD merit future studies, 
as there have been conflicting findings, including no change 
and increased VD over time [23,24]. Additionally, this study 
did not differentiate between patients with DME and those 
without DME, although these differences are indicated by 
the patients with NPDR who received anti-VEGF treatment.

Conclusion: This study indicated the efficacy of the use of 
OCT-A scans as a biomarker for DR VD by disease severity 
and VA. Anti-VEGF treatment did not show a significant 
change in VD over time compared to DR patients without 
treatment during the study timeframe. Longer follow-up 
periods may be needed to elaborate on the long-term effects 
of anti-VEGF on VD.
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