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ABSTRACT: 

Background: Branch retinal vein occlusion (BRVO) is 

the focal occlusion of a first or second-order branch of a 

retinal vein, which occurs most frequently at an 

arteriovenous (AV) crossing. Direct ophthalmoscopy, 

color fundus photography, and fluorescein angiography 

facilitate observation of AV crossings parallel to the 

retinal plane. Aim and objectives: To analyze the 

macular microvasculature changes in eyes with branch 

retinal vein occlusion (BRVO) using optical coherence 

tomography angiography (OCT-A). Subjects and 

methods: This case-control cross - sectional study 

carried out on a total of 40 eyes (mean age 64.2 ± 8.02 

range between 52 years and 76 years) 20 of them were 

recently diagnosed with BRVO ( i.e. patient had fundus 

findings such as intraretinal hemorrhages, cotton wool 

spots, macular edema, and vascular congestion) and other 

20 eyes were healthy and served as control, all of them 

were evaluated by optical coherence tomography 

angiography (XR-Avanti; Optovue). The macular 

angiography scan protocol covered a 6 mm x 6 mm area. 

The angiography analysis focused on two retinal layers: 

superficial and deep vascular networks. The following 

vascular morphological parameters were assessed at the foveal area in both the 

superficial and deep networks: foveal avascular zone area diameter,   foveal vascular 

density, capillary non-perfusion occurrence, foveal avascular zone distribution (i.e. 

loss of the intact perifoveal capillary arcade greater than one quadrant), presence of 

cystoid spaces and collaterals connecting the occluded vein to an adjacent patent vein 

Results: there was an increase in superficial vascular density in patients than control 

group respectively (p<0.001) ( 29.38±9.79, 16.41±5.61). While no changes were 

found in deep vascular density between the patient and control group respectively 

(p=0.589) (35.04±10.82),(33.49±6.69), There was a decrease in foveal avascular zone 

area diameter( p<0.001) ( 0.167±0.115,0.344±0.079) for the patient and control 

group, respectively and Non-perfusion areas were Present in the deep vascular layer 

only in 12 BRVO patients (60 %)  and in both layers (superficial and deep ) in 8 

BRVO patients (40%) and never found in the superficial vascular layer only. FAZ 
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distribution was present in the deep vascular layer only in 14 BRVO patients (70 %) 

and in both layers (superficial and deep) in 6 BRVO patients (30%) and was never 

found in the superficial layer only. Cystoid Macular Edema and Collaterals were 

found in all patients. Conclusion: OCTA can assess macular changes after BRVO 

and follow-up in a rapid, noninvasive, safe manner. OCTA imaging revealed an 

increase in superficial vascular density and a decrease in FAZ area diameter in BRVO 

eyes compared to control eyes with more changes in deep capillary vascular plexus. 

Keywords: Macula, angiography, vein, retina. 

 

Introduction 
Branch retinal vein occlusion (BRVO) 

is a common retinal vascular disorder 

in middle-aged and elderly with a 

history of hypertension, diabetes 

mellitus, smoking, or open-angle 

glaucoma [1]. Branch retinal vein 

occlusion (BRVO) is an acute cause of 

visual impairment secondary to 

thrombotic events, external 

compression, vessel wall pathology, or 

combination [2]. Patients with BRVO 

develop varying degrees of retinal 

hemorrhage, retinal ischemia, tortuous 

retinal vessels, and macular edema, 

which is a predominant cause of vision 

loss in BRVO [3] 

Fluorescein angiography (FA) is the 

gold standard for evaluating the 

structural and functional status of 

retinal vasculature in BRVO. 

However, it is an invasive procedure 

and may lead to some side effects, 

such as allergic reactions and nausea 

[4]. Optical coherence tomography 

angiography (OCTA) is a new imaging 

modality that allows noninvasive 

visualization of retinal blood flow 

without exogenous dyes [5].layer 

specific imaging capabilities of OCTA 

have the potential to simultaneously 

visualize both superficial and deep 

retinal capillaries by segmentation of 

each layer [6]. 

So, Optical Coherence Tomography 

angiography technology can be a 

useful clinical tool for BRVO 

diagnosis and follow-up, providing 

stratigraphic vascular details that have 

not previously been observed by 

standard fluorescein angiography [2]. 

The ability of OCTA to delineate the 

fine microvascular detail of the retinal 

vasculature in the superficial and deep 

retinal plexus without dyes is 

advantageous for diagnosing retinal 

diseases, which will most likely lead to 

its widespread use in the future [7] 

This study analyzed the changes in 

macular microvasculature in eyes with 

branch retinal vein occlusion (BRVO) 

using optical coherence tomography 

angiography (OCT-A). 

 

Patients and methods 

This case-control cross-sectional study 

was conducted in (the Ophthalmology 

Center – Benha University Hospitals) 

in Benha, Qalyubia, Egypt (from 

October 2021 to October 2022.). It was 

approved by the local Research Ethics 

Committee (Benha Faculty of 

Medicine Research Ethics Committee 

(Ms 24-8-2021), and the principles of 

the Declaration of Helsinki were 

observed. Informed consent was taken 

from all patients before the study. 

All Included subjects were classified 
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into a control group(group A) and a 

patient group( group B); subjects 

included in group A had No history of 

eye diseases or eye surgery and were 

not diabetic or hypertensive. While 

subjects included in group B were 

recently diagnosed with BRVO. (Acute 

BRVO, i.e., the patients have fundus 

findings such as intraretinal 

hemorrhages, cotton wool spots, and 

macular edema [8] had no media 

opacity as cataract or vitreous 

hemorrhage, and no history of 

therapeutics such as anti-VEGF or 

retinal laser treatment. Subjects with 

media opacity or vitreous hemorrhage 

or had previous anti-VEGF or laser 

treatment was excluded from the study. 

After history taking, all included 

subjects underwent Full 

ophthalmologic examination as 

follows: Visual acuity assessment: 

BCVA by Snellen chart then converted 

to log mar (Logarithm of the Minimum 

Angle of Resolution) for statistical 

purposes. Anterior segment 

examination, IOP measurement by air 

puff tonometer, Fundus examination, 

Clinical diagnosis of acute BRVO was 

confirmed by FA then all included 

subjects were imaged by OCT-A. 

Statistical analysis and data 

interpretation: 

Data analysis was performed using 

SPSS software, version 25 (SPSS Inc., 

PASW Statistics for Windows version 

25. Chicago: SPSS Inc.). Qualitative 

data were described using numbers and 

percentages. Quantitative data were 

described using median mean± 

Standard deviation for normally 

distributed data after testing normality 

using Shapiro Wilk test. The 

significance of the obtained results was 

judged at the (0.05) level. Chi-Square 

was used to compare qualitative data 

between groups as appropriate. Student 

t-test was used to compare two 

independent groups for non-normally 

distributed data. Spearman's rank-order 

correlation is used to determine the 

strength and direction of a linear 

relationship between two non-normally 

distributed continuous variables. 

 

Results: 

This cross-sectional case-control study 

was carried out on 40 eyes of 40 

subjects 20 of them were healthy 

(control)(group A), and 20 were 

diagnosed recently with branch retinal 

vein occlusion (acute BRVO ( i.e., the 

patient had fundus findings such as 

intraretinal hemorrhages, cotton wool 

spots, macular edema) (8) 

 

Group B: 

The study showed that the mean age 

for group A was (52.05±6.95)  80% 

were female, 20% were  males  while 

the mean age for group B was  

(55.85±5.89)  55 % of them were 

males and 45% were females,70% 

were hypertensive,75% of them were 

right eye BRVO, major BRVO 

occlusion was 60% (12 patients ) and 

macular BRVO occlusion was 40 % (8 

patients) and all of the patients were 

ischemic BRVO type  ALSO.  

 

Groups A and B:  has no statistically 

significant difference regarding 

demographic characteristics.  

 

Also, the study showed that mean 

BCVA was (0.079±0.089), 

(0.568±0.241) for groups A and B 
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respectively with a statistically 

significant decrease in mean BCVA 

(p<0.001) in group B than A and 

showed no statistically significant 

difference between the studied groups 

regarding Eye Side and Intraocular 

pressure (mm/Hg).  

 

In addition to the previous result, the 

study showed that mean superficial 

vascular density (SVD) was 

(16.41±5.61), (and 29.38±9.79) for 

groups A and B (figure 1) respectively  

with a statistically significant increase  

in superficial vascular density ( 

p<0.001*) in group B than group A  

(figure 2 and 3) While mean deep 

vascular density was (33.49±6.69), 

(35.04±10.82) for groups A and B 

(figure 2) respectively, with no 

statistically significant difference 

between groups A and B regarding 

deep vascular density. [Table 1] 

 

Also study showed that mean foveal 

avascular zone area diameter (FAZ) 

was (0.344±0.079), (0.167±0.115) for 

group A and B with a statistically 

significant decrease in FAZ area 

diameter (p<0.001*) in group B than A  

[ table 1]. 

 

Also, the study showed that Non-

perfusion areas (NPAs)( regions 

without visible perfused capillaries)(3) 

were Present in the deep vascular layer 

only in 12 BRVO patients (60 %) and 

in both layers (superficial and deep) in 

8 BRVO patients (40%) and never 

found in the superficial vascular layer 

only, and  FAZ distribution ( loss of 

the intact perifoveal capillary arcade 

greater than one quadrant)(3) was 

Present in the deep vascular layer only 

in 14 BRVO patients (70 %) and in 

both layers(superficial and deep) in 6 

BRVO patients (30%) and never found 

in the superficial layer only. Cystoid 

Macular Edema and Collaterals 

(between the occluded vein and 

adjacent patent vein) were found in all 

patients. [Table 2] 

 

Regarding multivariate correlation, in 

group A there was a statistically 

significant positive correlation between 

deep vascular density and visual acuity 

(R=0.457*) while in group B there and 

was a statistically significant positive 

correlation between superficial 

vascular density and visual acuity 

(R=0.484*). [Table 3] 

 
Table (1): comparison of quantitative imaging data (vascular density and foveal avascular zone area 

foveal thickness) among studied groups: 

 Group A (Control) 

N=20 

Group B (BRVO) 

N=20 

test of significance 

Superficial vascular 

density 

16.41±5.61 29.38±9.79 t=5.14 

p<0.001* 

Deep vascular 

density 

33.49±6.69 35.04±10.82 t=0.545 

p=0.589 

Foveal avascular 

zone area 

0.344±0.079 0.167±0.115 t=5.35 

p<0.001* 

Central foveal 

(macular) thickness 

236.25±13.83 475.95±195.08 t=5.48 

p<0.001* 

    

t: Student t test , *statistically significant 
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Table (2): qualitative imaging data of BRVO patient ( group B) : 

 

 N % 

Non perfusion areas 

Present in both layers 

Present in deep layer only 

 

8 

12 

 

40.0 

60.0 

FAZ distribution 

In both layers 

In deep layer only 

 

6 

14 

 

30.0 

70.0 

Presence of cystoid macular edema 20 100.0 

Presence of collaterals 20 100.0 

 

Table (3): correlation between vascular density, age , and visual acuity among BRVO patient ( group 

B) 

  Superficial 

vascular density 

Deep vascular 

density 

Foveal avascular 

zone diameter 

Age/years R -.024 .109 .393 

P .920 .646 .086 

BCVA R .484
*
 .233 .001 

P .030 .324 .996 

r:Spearman correlation coefficient , *statistically significant  
 

 

 
Figure (1): OCTA scan  (6 × 6 mm) in a right eye with major inferior BRVO( group B), (A) OCTA at 

the level of the superficial capillary plexus (SCP) showing vascular tortuosity, dilation, and 

telangiectasia (collaterals ) along with non‑perfusion areas inferiorly (B) En face OCT at the level of 

the SCP  showing the presence of cystoid edema corresponding to dark circular areas without vessel 

signals in OCTA   (C) B‑scan OCT with perfusion overlay and segmentation lines showing cystoid 

macular edema (D) Color‑coded vascular density map. (E) Numerical report of the vascular density 

showing foveal superficial vascular density (% ) 33.2% (red arrow). 
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Figure (2): OCTA (6 × 6 mm) in a right eye with major inferior BRVO(group B). (A) OCTA at the 

level of the deep capillary plexus (DCP) showing vascular tortuosity, dilation, and telangiectasia 

(collaterals) along with non‑perfusion areas. And disturbed FAZ inferiorly (B) En face OCT at the 

level of the DCP. Note the presence of cystoid edema corresponding to dark circular areas without 

vessel signals in OCTA. (C) B‑scan OCT with perfusion overlay and segmentation lines. (D) 

Color‑coded vascular density map. (E) Numerical report of the vascular density showing foveal deep 

vascular density (%) 29.1% (red arrow). 

 
 

Discussion: 
 

Branch retinal vein occlusion (BRVO) 

is a common retinal vascular problem 

in patients with lifestyle-related 

diseases like hypertension and 

arteriosclerosis. [9]. 

Fluorescein angiography (FA) is 

helpful to confirm the diagnosis of 

BRVO and evaluate complications. 

However, dense retinal hemorrhages 

and/or macular edema make 

interpreting FA images difficult 

because of blocked or pooled 

fluorescein. In addition, FA does not 

visualize the deeper capillary network 

in the retina well, besides dye 

complication and risks [19] 

Optical coherence tomography 

angiography (OCT-A), a recent 

imaging facility, has enabled 

researchers to visualize microvascular 

in different retinal layers. It also 

provides us with qualitative 

information about the perfusion status 

of the macula, microvascular changes 

such as telangiectasia, retinal capillary 

nonperfusion, and disruption of the 

foveal avascular zone also 

microvascular density changes in 

different vessel layers of the macula 

was reported with quantitative analysis 

[1] 

 

 In this study, all BRVO patients' age 

range was from 50 to 60 years old, and 

that went with multiple studies which 

mentioned the same previous BRVO 

age range [11 & 12]. Also there was no 

sex difference in BRVO incidence, and 

hypertension was a vital risk factor, 

and that was confirmed by others [12]. 

Patient's visual acuity ranged from 0.8 

to 0.3 by LOG MAR, and that was 

confirmed a study [4], which attributed 

this decrease in visual acuity to 
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macular edema and macular vascular 

changes occurring in BRVO while we 

found that the IOP range was from 13 

to 17 mmHg with no difference 

between groups A and B as all patients 

included were acute BRVO with a 

short time range of one week to 2 

months, and that was confirmed by 

other researchers who mentioned that  

BRVO rarely  causes an increase in 

IOP and also needs long-term follow-

up [15]. Also, the study showed an 

increase in superficial vascular density 

in group B than A, while deep vascular 

density remained unchanged in both 

groups. Still, previous results were 

incompatible with the study done in 

2020 which reported a decrease in 

SCV and DCV density in patients 

compared to control patients [4].  
 

However, it was reported that VD was 

not significantly different between the 

involved and uninvolved areas in acute 

BRVO (p = 0.551). However, the 

difference was significant in chronic 

BRVO (p = 0.013), so vascular 

impaired patterns in the retinal layer 

differed between acute and chronic 

BRVO. These results may suggest that 

vascular change and remodeling 

develop differently in acute and 

chronic phases in BRVO, and since 

this study was carried out on acute 

BRVO eyes then, that explains 

relatively no changes in deep vascular 

density between patient eyes and 

control eyes [22] 
 

Changes in vascular density in the 

presence of macular edema have been 

reported, but the results of different 

studies differ. A significant positive 

correlation between macular thickness 

and the vascular density in superficial 

and deep was reported, and this 

correlation has been ascribed to the 

high levels of VEGF, which increases 

both the macular thickness and the 

vascular diameter, thereby increasing 

the percentage of reported flow pixels 

by the instrument [23]. 

 Meanwhile, decreased SCP vascular 

density in the presence of macular 

oedema due to RVO was compared to 

that in eyes without oedema. In 

contrast, DCP and vascular densities 

were not affected. [3]also, In 2019, a 

study reported that repeatability of VD 

measurement in patients with RVO 

using OCTA is greatly affected by the 

CMT [22] 

 

In addition, this study showed a 

decrease in FAZ area diameter in 

patients than the control group, which 

went with the recent study that 

reported the mean FAZ area in BRVO 

eyes was significantly lower compared 

to fellow eyes [17]. But Shiihara et al. 

reported in their research on Eyes with 

BRVO without apparent macular 

edema that the mean FAZ area was 

larger in BRVO eyes than in controls, 

and that contradicts previous data 

about FAZ [25] 
 

When trying to explain this 

contradiction, we find that FAZ size 

may vary considerably in normal 

individuals and cause a significant 

overlap among healthy and diseased 

individuals, making it difficult to 

recognize the difference between study 

groups [4]. This overlap already 

occurred in this study as the control 

FAZ range was (0.265- 0.423 mm
2
) 

and the BRVO FAZ range was (0.052 

– 0.282mm
2
). Also, studies conducted 

on healthy subjects show that OCTA 

has excellent repeatability in FAZ 

measurements. However, few studies 

have considered macular degeneration, 

such as macular ischemia or edema 

evaluated the reliability of FAZ area 

measurements using OCTA in eyes 

with RVO [24]. 

 

According to the previous data, we 

could explain the contradiction in FAZ 

area size by wide variation in FAZ area 
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size and overlapping between both 

controls and patients, small sample 

size, also artifacts like ischemia and 

edema should be taken into 

consideration, especially since most of 

the cases included in this study were 

had macular edema so FAZ area best 

to use in follow up of same patient 

values not in comparing between two 

different groups 

 

Furthermore, the study showed 

qualitative changes as NPAs, FAZ 

disruption, and collaterals affected 

mainly DCVP with or without SCVP 

affection; these results confirmed by 

reports from several authors that 

ischemic damage in RVO is 

preferentially main-seated in the DCP 

and often precedes SCP ischemia [18 

& 14]. The explanation is that central 

arterioles and especially major venules 

can independently connect to the deep 

capillary plexus (DCP) without first 

communicating with the superficial 

capillary plexus (SCP) and also that 

the DCP could have a primarily venous 

role [18] 

 

Also, this study showed a positive 

significant correlation between BCVA 

and SVD, and while there was an 

insignificant correlation between 

BCVA and DVD, Zhang et al. 

confirmed the previous relation in their 

study when they reported that there is a 

strongly positive correlation between 

vascular density and visual acuity [20]. 

 

Conclusion 
 

OCTA can be used to assess macular 

changes after BRVO (qualitative and 

quantitative assessment) and in rapid, 

noninvasive, and safe follow-up. 

OCTA imaging revealed an increase in 

vascular density and a decrease in FAZ 

area in patient eyes compared to 

control eyes, with significant changes 

in the deep capillary vascular plexus. 
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