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Association Between Vessel Density and Visual Acuity in Patients with 

Diabetic Retinopathy 

 

Abstract 

Background: In the non-proliferative stage, diabetic retinopathy (DR) is a retinal vascular 

disease. Characterised by the formation of micro aneurysms, retinal haemorrhages, exudates, 

venous alterations, and capillary non-perfusion.  With the usage of optical coherence 

tomography angiography (OCTA), the purpose of this study was to determine the correlation 

between vessel density and best corrected visual acuity (BCVA) in DR patients. 

Methods: This prospective observational research was done on 50 eyes of 35 consecutive 

diabetic patients who were diagnosed with mild, moderate or severe non-proliferative 

diabetic retinopathy (NPDR) and patients with proliferative diabetic changes (as NVD and 

neovascularization elsewhere (NVE)) as well as a control group consisting of 20 eyes of 10 

healthy age-matched participants. Participants were divided into two groups: group A 

(diabetic patients): sub divided group A1: 40 eyes diagnosed with NPDR and A2: 10 eyes 

diagnosed with proliferative diabetic retinopathy (PDR) and group B (control group): 20 

healthy eyes of age matched participants as a control group. All the eyes were subjected to 

fundus fluorescein angiography (FFA) and OCTA. Comparison was made between the 

vascular density index (VD) in the different slaps between NPDR and PDR group, as well as 

correlation between the VD and BCVA. 

Results: Significant positive correlation was observed between visual acuity (Log MAR) and 

vascular density index of superficial layer, deep layer in NPDR group and PDR group. 

Significant positive correlation was observed between vascular density index of superficial, 

deep layer and best corrected visual acuity (BCVA) (Log MAR) in NPDR group and PDR 

group. 
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Conclusions: Using OCTA enhance our awareness of the microvascular alterations found in 

DR and allow assessment of disease severity. 
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Introduction:  

There is over 415 million persons suffer from diabetes worldwide, and it is predicted that this 

number will reach around 642 million by 2040. Worldwide, due to diabetes mellitus, 

blindness is increasing rapidly. 
[1]

 

In the non-proliferative stage, diabetic retinopathy (DR) is retinal vascular disease 

characterised by the formation of micro aneurysms, retinal haemorrhages, exudates, venous 

alterations and capillary non-perfusion. Neovascularization development is the distinguishing 

characteristic of progression to the proliferative phase. 

Disease severity grading is based on the early treatment DR study (ETDRS) extension of the 

modified Airlie House classification. 
[2]

 

Five-stage classification system of the International Clinical DR Disease Severity Scale was 

used: No apparent DR (NDR), mild non proliferative DR (NPDR), moderate NPDR, severe 

NPDR, and proliferative DR (PDR). 
[3]

 

The progression of proliferative disease or macula involvement lead to vision-threatening 

complications., such as in diabetic macular edema (DME) and diabetic macular ischemia 

(DMI). 
[4]

  

The standard method for the staging of DR has long been fluorescein angiography (FA). 

However, it is invasive, time-consuming, and requires the inoculation of a dye, serious 

consequences are uncommon. The optical coherence tomography angiography (OCTA) new 

evolution of has enabled noninvasive 3D imaging of the retina's vasculature. 
[5]

 

OCTA is based on a movement of contrast method that presumes that the only moving 

component in a static eye is vascular flow. 

Visualization of both the superficial and deep retinal capillary plexuses, vessel density 

calculation and areas of capillary nonperfusion in each plexus is allowed by OCTA. 
[5-9]
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Deep capillary plexus (DCP) damage significance, undetectable by FA, was recently 

observed by OCTA in diabetic individuals, having no or early-stage DR 
[10]

 or DME. 
[11-13]

 

This study aimed to assess the relation between vessel density using OCTA and visual acuity 

in participants with DR. 

Patients and Methods:  

This prospective observational research was done on 50 eyes of 35 consecutive diabetic 

participants who had mild, moderate or severe NPDR diagnosis by examination of fundus 

based on the International Clinical DR Classification. 
[14]

 and patients suffering from 

proliferative diabetic changes (as NVD and NVE) diagnosed by clinical examination and 

fundus fluorescein angiography (FFA) and 20 eyes of 10 healthy age- matched participants.  

Exclusion criteria were patients with motion artifacts which prevents the precise analysis of 

the micro vascularization were excluded, patients with severe complications of DR as 

vitreous hemorrhage or tractional detachment, patients who received laser photocoagulation 

as a kind of treatment for DR, patients with any media opacity affecting the quality of 

imaging studies as corneal opacity, dense cataract and participants with other diseases in 

retina (e.g., vascular occlusion, dystrophy, or degeneration in macula related to aging). 

Patients were divided into two groups: group A (diabetic patients): sub divided group A1: 40 

eyes diagnosed with NPDR and A2: 10 eyes diagnosed with proliferative diabetic retinopathy 

(PDR) and group B (control group): 20 healthy eyes of age matched subjects as a control 

group.  

Initial patient evaluations: included personal data, duration and treatment regimen, as well as 

the control, of DM, history of systemic diseases other than DM as Hypertension, uncorrected 

visual acuity, best-corrected-visual acuity (BCVA): On a Snellen chart, visual acuity was 

assessed and converted into the Log MAR, anterior segment was examined with the use of 

slit lamp, examination of dilated fundus of the central and peripheral retina using slit lamp 
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bio microscopy with Volk+78 D lens and binocular indirect ophthalmoscopy using Volk +20 

D lens and examination of the fundus was used to categorize the diabetic retinopathy 

according to the International Clinical Diabetic Retinopathy. 
[15]

 

All the eyes were subjected to: OCTA and FFA. 

Fundus fluorescein angiography :  

This was performed using Heidelberg FA device (Spectralis, Heidelberg, Germany), confirm 

diagnosis and classify severity of the NPDR/PDR. With the aid of mydriatic eye drops 

(MYDRIACYL, ALCON, EGYPT) before examination, all research subjects’ eyes were 

dilated. FFA was captured for diabetic subject using Heidelberg FA device (Spectralis, 

Heidelberg, Germany). FFA was done using an intravenous injection of 3 ml Sodium 

fluorescein dye 10%. 

Optical coherence tomography angiography:  

A colour scale at the bottom of the scan indicated the scan's quality; to be considered an 

acceptable quality scan, it had to be in the green range. All research participants were dilated 

with Cyclopherine 1% eye drops before examination. All participants were imaged with the 

usage of a swept source OCTA device. The images obtained from the OCTA machine in 

different slaps was be analyzed using the Image J software, with binarization and 

skeletonization of the scans. Vessel density was calculated as the area covered by the vessels’ 

percentage and the capillaries in an area defined by a 3x3 mm2 centered on the fovea. 
[16]

 

Definition of vascular density was the sample area occupied by vessel lumens percentage 

after images’ binary reconstruction. We measured vessel density at different levels: 

Superficial vascular plexus and DCP. Correlations were found between OCTA findings and 

visual acuity, and the results were compared to those obtained from healthy age-matched 

controls. 

Statistical analysis  
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SPSS v25 performed the statistical analysis (IBM Inc., Chicago, IL, USA). The parametric 

quantitative data were given as mean and standard deviation (SD) and analysed using the 

ANOVA (F) test with post hoc comparisons (Tukey). Non-parametric quantitative data were 

provided as median and interquartile range (IQR) and analysed using the Mann Whitney test. 

When applicable, qualitative variables were given as frequency and percentage (percent) and 

analysed using the Chi-square test or Fisher's exact test. Coefficient of Linear Correlation (r) 

was utilised to determine correlation between two quantitative variables within one group. A 

two-tailed P value less than or equal to 0.05 was deemed statistically significant. 

Results:  

No statistically considerable change in age, sex and duration of D.M among the studied 

groups was found. Table 1 

Table 1: Age, sex and duration of D.M among the studied groups 

 
Type of D.M 

P-value 
NPDR PDR Control 

Age (years) 53.725 ± 8.092 53.600 ± 11.394 48.900 ± 9.147 0.133 

Sex 
Male 8 (27.50 %) 3 (43.00 %) 3 (30.00 %) 

0.386 
Female 20 (72.50 %) 4 (57.00 %) 7 (70.00%) 

Duration of D.M 

(years) 
10.383 ± 5.360 12.100 ± 4.954 --- 0.363 

Data are presented as mean ± SD or frequency (%). D.M: diabetes mellitus, NPDR: non-proliferative diabetic 

retinopathy, PDR: proliferative diabetic retinopathy 

The visual acuity was decreased considerably in both NPDR group and PDR group than 

control group (P <0.001) and no considerable difference between NPDR group and PDR 

group (P = 0.003*) was found. There was a considerable change among the studied groups (P 

<0.001). The BVCA was significantly decreased in both NPDR group and PDR group than 

control group (P <0.001) and no considerable difference between NPDR group and PDR 

group (P = 0.160) was found. Table 2 

Table 2: Visual acuity and BCVA among the studied groups 

 Type of D.M ANOVA 
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NPDR PDR Control 

Visual acuity (Log MAR) 0.453 ± 0.245 0.716 ± 0.268 0.198 ± 0.087 
<0.001* 

TUKEY’S Test 0.003*  <0.001*  <0.001*  

BCVA (Log MAR) 0.442 ± 0.243 0.586 ± 0.308 0.138 ± 0.060 <0.001* 
TUKEY’S Test 0.160  <0.001*  <0.001*  

Data are presented as mean ± SD or frequency (%), D.M: diabetes mellitus, NPDR: non-proliferative diabetic 

retinopathy, PDR: proliferative diabetic retinopathy, BCVA: Best Corrected Visual Acuity, β Results in Log 

MAR 

A considerable change among the three groups (P <0.001) in the superficial layer vascular 

density index of the patients was found. The superficial layer vascular density index was 

considerably decreased in PDR group than both NPDR and control group (P <0.001) and was 

considerably decreased in NPDR group than control group (P <0.001). There was a 

considerable change among the studied groups (P = 0.001) in the index of deep layer. The 

index of deep layer was considerably decreased in PDR group than both NPDR group (p 

<0.001) and control group (p <0.001) and there was a considerable change between PDR and 

control group (p <0.001). Table 3 

Table 3: Vascular density index of superficial layer and index of deep layer among the 

studied groups 

 
Type of D.M 

ANOVA 
NPDR PDR Control 

Vascular density index of 

superficial layer 

64.794 ± 3.187 55.046 ± 3.633 70.084 ± 2.998 

<0.001* 

TUKEY’S Test <0.001*  <0.001*  <0.001*  

Index of deep layer 64.228 ± 4.262 53.879 ± 3.555 73.437 ± 6.425 <0.001* 
TUKEY’S Test <0.001*  <0.001*  <0.001*  

Data are presented as mean ± SD or frequency (%), D.M: diabetes mellitus, NPDR: non-proliferative diabetic 

retinopathy, PDR: proliferative diabetic retinopathy 

A considerable positive correlation between the superficial, deep layer vascular density index 

and visual acuity (Log MAR) in NPDR group and PDR group was found. Figure 1 – Figure 2 
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(A) 

 

(B) 

Figure 1:  Correlation between the vascular density index of superficial layer and visual 

acuity in (A) NPDR group and (B) PDR group 

 

(A) 

 

(B) 

Figure 2:  Correlation between the vascular density of deep layer and visual acuity in 

(A) NPDR group and (B) PDR group 

A significant positive correlation between vascular density index of superficial, deep layer 

and BCVA (Log MAR) in NPDR group and PDR group was found. Figure 3 – Figure 4  
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(A) 

 

(B) 

Figure 3:  Correlation between the vascular density of superficial layer and BCVA (Log 

MAR) in (A) NPDR group and (B) PDR group 

 

(A) 

 

(B) 

Figure 4:  Correlation between the index of deep layer and BCVA (Log MAR) in (A) 

NPDR group and (B) PDR group 

Cases 

Case no. (1):  

  

r= -0.697       P-value = 0.025* 

PDR 

BCVA (Log MAR) 

1.2 1.0 .8 .6 .4 .2 0.0 -.2 

60 

58 

56 

54 

52 

50 

48 

  

r= -0.857       P-value = 0.002* 

PDR 

BCVA (Log MAR) 

1.2 1.0 .8 .6 .4 .2 0.0 -.2 

62 

60 

58 

56 

54 

52 

50 

48 



 

10 

 

Figure 5: showed that 3 x 3 mm OCTA Angio Retina scan is centered on the right 

macula of diabetic patient (NPDR) 60 years old male patient diagnosed by fundus 

examination and confirmed with FFA at the level of the superficial and deep 

vascular networks. An automated software algorithm integrated into the OCTA 

system calculated vessel density and is presented on the OCT thickness ILM-RPE 

and vessel density map (upper right) (here VD of superficial layer = 67.12 % - VD 

of deep layer = 66.4%). 
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Case no. (2): 

 
Figure 6: showed that 3 x 3 mm OCTA Angio Retina scan is centered on the left 

macula of diabetic patient (PDR) 45 years old male patient diagnosed by fundus 

examination and confirmed with FFA at the level of the superficial and deep 

vascular networks. An automated software algorithm integrated into the OCTA 

system calculated vessel density and is presented on the OCT thickness ILM-RPE 

and vessel density map (upper right) (here VD of superficial layer = 57.45 % - VD 

of deep layer = 55.97%). 

Case no. (3): 
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Figure 7: showed that 3 x 3 mm OCTA Angio Retina scan is centered on the left 

macula of normal 42 years female subject at the level of the superficial and deep 

vascular networks. An automated software algorithm integrated into the OCTA 

system calculated vessel density and is presented on the OCT thickness ILM-RPE 

and vessel density map (upper right) (here VD of superficial layer = 75.64% - VD of 

deep layer = 73.32%). 

Discussion 

In comparison to FA, OCTA is an unique non-invasive imaging method allowing 3-

dimensional imaging of retinal and optic nerve capillary networks without the inoculation of 

extrinsic dyes.
[17]
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Visual acuity was statically significant lower in PDR group than NPDR and control groups 

and it was statically significant poor in NPDR group than control group.  

Also, among the three groups, BCVA was statically significant different. The BCVA was 

statically considerably decreased in both NPDR group and PDR group than control group.  

This agreed with a study by Ghassemi et al. 
[18]

 who recruited 188 eyes of 97 patients in a 

cross-sectional research and performed OCTA scan for macula on them to quantitatively 

measure vascular density with the use of OCTA in DR subtypes including those with NDR, 

NPDR and to make a comparison of these observations to one another and to the 

normal population. They found that BCVA was considerably reduced in the participants 

having PDR and NPDR compared to non-DR and normal participants. 

The vascular density index of superficial, deep layer of the patients were significantly 

different among the studied groups. The superficial layer vascular density index was 

considerably decreased in PDR than NPDR and control group and was considerably 

decreased in NPDR than control group. The index of deep layer was considerably decreased 

in PDR group than both NPDR group and control group and was significant different 

between PDR and control group. 

This agreed with a study by Dupas et al. 
[19]

 who made a retrospective cohort study of visual 

acuity and OCTA which included 22 eyes of 22 participants with type 1 diabetes who doesn’t 

suffer from edema in macula but with progressive bilateral DR which progress rapidly to find 

the association between density of macular vessel and visual acuity, they found that less 

vessel density in eyes with DR and lowered visual acuity in comparison with eyes with DR 

and normal visual acuity.   

The ratio of vascularized area in the central macula is represented by vessel density. Dropout 

of parafoveal capillary or lowered perfusion may result from low vessel density and would 

have an effect on vision. 
[20]
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Usui et al. 
[21]

 hypothesised that neurovascular regions with capillaries in the DCP are formed 

from amacrine and horizontal cells and are interdependent to a high degree. They revealed 

that loss of 1 or both of them provokes major effects on function and survival of 

photoreceptor, these data imply that a threshold of macular non-perfusion might be 

discovered, specifically in the DCP, beyond which normal eyesight cannot be preserved. 

Although in both the SVP and DCP a reduction in vessel density is usually seen, such a 

reduction in the DCP alone could be adequate to cause blindness. Alternately, any retinal 

vascular plexus capillary perfusion moderate loss is aligned with normal eyesight, and it is 

likely that vessel density reduction precedes a VA reduction.  

In this study, a significant positive correlation between superficial, deep layer vascular 

density index and visual acuity (Log MAR) in PDR and NPDR group was found.   

The visual acuity and vessel density relationship has also been researched by Samara et al. 
[22]

 

who found a positive correlation between log MAR visual acuity and vessel density both in 

the superficial layer and the deep layer (r, −0.5; P < 0.001). 

In this study, a significant positive correlation between vascular density index of superficial 

layer, deep layer and BCVA (Log MAR) in PDR and NPDR group was found.  

This agreed with Abdelshafy et al. 
[23]

, as a significant decrease in BCVA (Log MAR) with 

decreased vascular density in superficial layer in PDR and NPDR group was found. 

But this in contrast with a study by Hsiao et al. 
[24]

 who performed OCTA in 81 eyes of 48 

patients with DME to explore the macular ischemia impact on vision in DME by analyzing 

the visual acuity and micro vascular parameters of macula relationship. Microvasculature It 

has been demonstrated that fractional dimension assessed with OCTA decreases at DR 

various stages, and the alterations in the DCP is more evident than in the SCP 
[25, 26]

, possibly 

due to central macula’s capillary dropout. They found that none of the superficial layer 

characteristics were related with BCVA after alteration of CRT and disruption of ellipsoid 
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zone at the fovea, only in the DCP, low vessel density was related significantly with 

decreased BCVA (p = 0.006). This contrast between the two studies may be related to that 

this study concentrated on diabetic patients with DME mainly and demonstrated that DME 

patients manifest considerable damage to the DCP integrity but not the SCP. 
[27]

 

Conclusions: 

 OCTA helps increase our understanding of the microvascular alterations associated with DR 

and allow assessment of disease severity. 
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