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Abstract
● AIM: To evaluate the predicative factors of visual 
prognosis using optical coherence tomography angiography 
(OCTA) in ischemic branch retinal vein occlusion (BRVO) 
patients with macular edema (ME) after anti-vascular 
endothelial growth factor (VEGF) treatment. 
● METHODS: In this retrospective analysis, data from 
60 patients (60 eyes) with a definite diagnosis of ischemic 
BRVO with ME by fundus fluorescein angiography (FFA) 
were studied. The eyes with ME according to spectral 
domain optical coherence tomography (SD-OCT) underwent 
intravitreal conbercept (IVC) and 3+pro re nata (PRN) 
regimen. The injection times were recorded. Two weeks 
after injection, fundus laser photocoagulation was 
performed in the non-perfusion area of the retina. The 
patients were followed up once a month for 6mo. The best-
corrected visual acuity (BCVA), foveal avascular zone (FAZ), 
and A-circularity index (AI), at 6mo and the baseline were 
compared. 
● RESULTS: All patients showed significant improvement 
in BCVA from 0.82±0.32 to 0.39±0.11 logMAR (P<0.001). 
The mean central macular thickness (CMT) significantly 
decreased from 476.22±163.54 to 298.66±109.23 μm.
Both the FAZ area and AI at 6mo were significantly higher 
than those at the baseline: the FAZ area increased 
(0.38±0.02 vs 0.39±0.02 mm², P<0.05); the AI increased 
(1.27±0.02 vs 1.31±0.01, P=0.000). The baseline BCVA 
showed a significantly positive correlation with the baseline 
FAZ area, FAZ perimeter (PERIM) and AI, final visual gain 

(FVG) and injection times, respectively (P<0.001). FVG 
showed a significantly negative correlation with the FAZ area, 
PERIM, AI and injection times, but a significantly positive 
correlation with vessel densities (VDs) 300 µm area around 
FAZ (FD-300; P<0.001). Injection times was positively 
correlated with the baseline FAZ area, and AI, but inversely 
correlated with the baseline FD-300 (P<0.001). However 
macular ischemia was noted in 5 cases during follow-up.
● CONCLUSION: Using OCTA to observe macular ischemia 
and quantify parameters can better predict the final visual 
prognosis of patients before treatment. The changes in FAZ 
parameters may influence the visual prognosis and injection 
times. 
● KEYWORDS:  opt ica l  coherence tomography 
angiography; branch retinal vein occlusion; macular edema; 
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INTRODUCTION

B ranch retinal vein occlusion (BRVO), the second most 
common retinal vascular disorder, can evoke intraretinal 

hemorrhage[1]. After the absorption of intraretinal blood, retinal 
vascular abnormalities may develop, such as capillary non-
perfusion, microaneurysms, telangiectasis, and collaterals[2]. 
Additionally, macular edema (ME) and retinal ischemia, are 
common sight-threatening complications of BRVO. 
It has reported that the intraocular level of vascular endothelial 
growth factor (VEGF) elevates in patients with BRVO[3]. 
Intravitreal anti-VEGF injection is the preferred treatment 
for ME secondary to BRVO[4]. However, the mechanisms 
underlying the development of refractory ME remain 
unknown. ME is often prone to relapse, and some patients 
require repeated multiple injections.
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BRVO was previously classified as ischemic or non-ischemic 
based on fundus fluorescein angiography (FFA) findings, and 
the presence of ME and ischemia was determined. But, in 
the late phase of FFA, dyes often leak into retina[5], thereafter 
disrupting the observation of retinal microvasculature that may 
show pathologic changes in the recurrence of ME.
Optical coherence tomography angiography (OCTA) provides 
depth-resolved visualization of the retinal microvasculature 
without using intravenous dye[6-8]. The non-invasive OCTA 
can image the superficial and deep retinal capillary network, 
providing visualization details of the foveal avascular zone 
(FAZ) and vessel flow density[8]. Samara et al[9] reported that 
low vessel flow density both in the superficial and deep layers 
of FAZ was correlated with reduced visual function. The newly 
created software, such as A-circularity index (AI) and vessel 
densities (VDs) 300 µm area around FAZ (FD-300), can show 
the development of macular ischemia by using parameters 
such as area and FAZ perimeter (PERIM).
Previous studies have described the changes in the superficial 
and deep capillary networks observed by OCTA in BRVO 
eyes[9-10]. In this study, we investigated and evaluated the 
predictive factors for final visual acuity recovery in eyes with 
ME secondary to BRVO by investigating multiple quantitative 
parameters of the macular area.
SUBJECTS AND METHODS
Ethical Approval  This retrospective study, which took place 
between March 2021 and January 2022, included 60 ischemic 
BRVO patients who were followed-up at the Affiliated Eye 
Hospital of Nanjing Medical University. This study followed 
the principles of the Declaration of Helsinki and was approved 
by the Ethics Committee of the Affiliated Eye Hospital of 
Nanjing Medical University (2020015). Written informed 
consent was obtained from all patients and their families. 
Inclusion and Exclusion Criteria  Inclusion criteria included: 
1) All patients showed the involvement of major BRVO in 
the superior or inferior temporal sector; 2) ME with flame-
shaped hemorrhages was found with ophthalmoscope 
examination; 3) The diagnosis was confirmed using FFA and/
or optical coherence tomography (OCT). FFA showed dilated 
and tortuous veins in the BRVO area and late fluorescence 
staining leakage. OCT showed ME with central macular 
thickness (CMT)≥250 μm; 4) A broken foveal capillary ring 
was regarded as the evidence of existent macular ischemia 
by OCTA (Figure 1); 5) All patients had not received 
any treatment before enrollment; 6) All patients received 
intravitreal conbercept (IVC) and 3+pro re nata (PRN) 
regimen after enrollment. The follow-up lasted at least 6mo.
Exclusion criteria included macular vein occlusion, central 
retinal vein occlusion, multiple occlusions of the retinal 
veins, concomitant ocular diseases (such as uveitis, diabetic 

retinopathy, age-related macular degeneration, retinal 
macroaneurysm, glaucoma), keratoconus, myopia (more severe 
than 3 diopters), and media opacity that was dense enough to 
hamper the interpretation of fundus photography results (such 
as dense cataract, and corneal problems other than dry eye).
Ophthalmological Examination  All patients were enrolled 
for ophthalmic examination using a +90 diopter non-contact 
lens slit lamp biomicroscopy. Topcon TRC 50DX fundus 
camera (Topcon Corporation, Tokyo, Japan) was employed to 
scan capillary non-perfusion areas, diffuse fluorescein leakage 
and fluorocover-up from bleeding. FFA images were obtained 
to confirm the diagnose of ischemic BRVO. The thickness 
of the central macula in the affected eyes before and after 
treatment was recorded by spectral domain OCT (SD-OCT) 
(Heidelberg Spectralis; Heidelberg Engineering Inc, Franklin, 
Massachusetts, USA). The morphologic changes of macular 
microvessels were obtained by OCTA (Optovue RTVue XR 
Avanti; Optovue Inc, Fremont, California, USA) using the 
split-spectrum amplitude decorrelation angiography algorithm. 
The software automatically generated superficial capillary 
plexus (SCP) and deep capillary plexus (DCP). The SCP 
was measured over a range extending from the inner limiting 
membrane (ILM) to 10 μm above the inner plexiform layer 
(IPL). The DCP was measured from 10 μm above the IPL to 
10 μm below the outer plump layer (OPL). Sections (3×3 mm2) 
were captured from the scanned foveal area to obtain the FAZ 
area, PERIM, AI and FD-300. The FAZ area was measured 
from the ILM to OPL. The FAZ parameters were based on 
a set of data automatically obtained by stacking the whole 
retinal layer, that was, the superficial and DCP. The macular 
nonperfusion area (NPA) was defined as the capillary dropout 
area within a 3×3 mm2 section, including the FAZ. The FAZ 
and the parafoveal capillary dropouts (parafoveal NPA) were 
independently reviewed by two fully trained retina specialists 
blind to the study information (Figure 2). The AI was defined 
as the ratio of PERIM to the same area in the standard circle. 

Figure 1 OCTA images of BRVO patients with macular ischemia 

presents as the broken foveal capillary ring (red arrow) to different 

extent  OCTA: Optical coherence tomography angiography; BRVO: 

Branch retinal vein occlusion.

OCTA for macular microvessels in ischemic BRVO
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The FD-300 referred to the retinal vessel flow density within 
300 μm of the FAZ. 
Surgical Technique  All patients received IVC and 3+PRN 
regimen by the same experienced doctor. During the operation, 
the principle of asepsis was strictly followed. After disinfection, 
topical anesthesia was performed with oxybuproacaine 
eye drops, povidone iodine was used for eye washing, and 
a 30-gauge needle was used at 3 or 4 mm posterior to the 
corneoscleral margin (3 mm posterior to the corneoscleral 
margin in aphakic patients ); 0.5 mg/0.05 mL conbercept was 
injected into the vitreous cavity with a needle perpendicular 
to the eyeball (Chengdu Kanghong Biotechnology Co., LTD., 
Chengdu, China; National Drug approval S20130012), and 
sterile cotton swabs were applied at the injection site for 30s. 
The patient’s eye was wrapped with gauze after the presence 
of manual vision in front of the eye and the finger intraocular 
pressure was normal. Patients were treated with levofloxacin 
eye drops 3 times a day, 1 drop a time for 7 consecutive days.
When OCT showed evident ME and/or serous retinal 
detachment at the fovea, the patients received monthly IVC 
(0.5 mg/0.05 mL), until a dry macula (absence of intraretinal 
or subretinal fluid) appeared on SD-OCT. 
Additionally, all patients received scattered laser photocoagulation 
of according to FFA 2wk after the first injection.
Data Analysis  Statistical analysis was carried out using a 
statistical package (SPSS Inc., version 23.0, Chicago, IL, 
USA). The best-corrected visual acuity (BCVA) was converted 
to the logarithm of the minimal angle of resolution (logMAR) 
for statistical evaluation. The final visual gain (FVG) was the 
differential BCVA value between the baseline and month 6. All 
data were collected monthly during the follow-up. Quantitative 
data were expressed as mean±standard deviation (SD), and 
qualitative variables were described in percentages. The 
parameters of FAZ and BCVA at the baseline and 6mo were 
compared with paired t-test. The Pearson correlation coefficient 
was used to study the correlation between the variables. The 
level of statistical significance was set at P<0.05. 
RESULTS
Study Participants and Baseline Characteristics  We 
measured 60 eyes of 60 patients (21 men and 39 women, mean 
age 48.62±4.32y, range 41-69y). The baseline characteristics 
are shown in Table 1. BRVO occurred in superotemporal (37 
patients) or inferotemporal (23 patients) quadrants. Forty-five 
patients (75%) were diagnosed with hypertension. The mean 
disease duration was 1.56±2.21mo (range 0.5-3mo).
Best-corrected Visual Acuity and Central Macular Thickness  
Before the treatment, the mean BCVA in the diseased 
eyes with ME was 0.82±0.32 (range 0.5-1.2) logMAR. At 
6mo after treatment, the mean BCVA in the diseased eyes 
improved significantly (0.39±0.11, P<0.001). The mean CMT 

significantly decreased from 476.22±163.54 μm at baseline to 
298.66±109.23 μm at 6mo (P<0.001; Table 2).
Foveal Avascular Zone Parameters  Compared to those at the 
baseline, the parameters at post-treatment 6mo were as follows: 
the FAZ area increased (0.38±0.02 vs 0.39±0.02 mm2,
P<0.05); the AI increased (1.27±0.02 vs 1.31±0.01, 
P=0.000); the FD-300 (%) decreased (43.36±0.63 vs
42.75±0.56, P<0.05); the PERIM showed no significant 

Figure 2 Macula ischemia varies considerably in size of NPA in BRVO 

on OCTA  A: Mild macular ischemia had scattered tiny NPA around 

macular NPA with a capillary plexus around the entire circumference. 

B and C: The enlargement of NPA (red arrow). NPA: Nonperfusion 

area; BRVO: Branch retinal vein occlusion; OCTA: Optical coherence 

tomography angiography.

Table 1 Baseline characteristics

Variable Mean±SD (range)
Age, y 48.62±4.32 (41-69)
Sex, n (%)

Male 21 (35)
Female 39 (65)

Duration of symptom (range), mo 1.56±2.21 (0.5-3)
Hypertension, n (%) 45 (75)
Lens, n (%)

Phakic 47 (78.3)
Pseudophakic 13 (21.7)

BCVA, mean±SD (logMAR) 0.82±0.32
CMT, mean±SD (μm) 476.22±163.54
Occluded quadrant, n (%)

Superotemporal 37 (61.7)
Inferotemporal 23 (38.3)

Macular ischemia, n (%) 41 (68.3)

SD: Standard deviation; BCVA: Best-corrected visual acuity; CMT: 

Central macular thickness.

Table 2 The mean BCVA (logMAR) and CMT results

Variable Mean±SD P
BCVA <0.001

Baseline 0.82±0.32
6mo 0.39±0.11

CMT (μm) <0.001
Baseline 476.22±163.54
6mo 298.66±109.23

BCVA: Best-corrected visual acuity; CMT: Central macular thickness; 

SD: Standard deviation.
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differences (P>0.05; Table 3). Accordingly, the macular 
ischemia continued during the follow-up even though the 
effective treatment was given (Figure 3).
Correlation Analysis Among BCVA and FAZ Parameters  

The baseline BCVA showed positive correlation with the FAZ 
area, PERIM and AI (r=0.471, 0.798, and 0.658, respectively; 
P<0.05), but negative correlation with the FD-300 (r=-0. 533, 
P<0.05). Moreover, a positive correlation was found between 
the baseline BCVA and the times of IVC injections (r=0.833, 
P<0.05; Figure 4).
Correlation Analysis Among Final Visual Gain and Other 
Variables  No correlation was found between the FVG and 
gender (r=0.137, P>0.05). The FVG was positively correlated 
with age and the FD-300 (r=0.323 and 0.537, P<0.05; 
respectively). Instead, the FVG was strongly and inversely 
correlated with the baseline BCVA, FAZ area, PERIM, AI, and 
injection times (r=-0.722, -0.701, -0.621, -0.527 and -0.628, 
P<0.05, respectively; Figure 5).
Injection times was positively correlated with the baseline FAZ 
area, PERIM, and AI (r=0.856, 0.665 and 0.716, P<0.05), but 
negatively correlated with the FD-300 (r=-0.579, P<0.05). 
Macular Ischemia  OCTA images showed macular ischemia 
in 41 eyes (68.3%) before treatment, and 46 eyes (76.7%) 
at 6mo after treatment (P<0.05). During the follow-up, the 
vascular continuity of the arch ring was disrupted, and macular 
ischemia developed in 5 new cases (Figure 6).

Table 3 FAZ parameters results

Parameters Mean±SD P
FAZ area (mm2) 0.00

Baseline 0.38±0.02
6mo 0.39±0.02

PERIM (mm) 0.18
Baseline 2.57±0.10
6mo 2.60±0.10

AI 0.00
Baseline 1.27±0.02
6mo 1.31±0.01

FD-300 (%) 0.00
Baseline 43.36±0.63
6mo 42.75±0.56

SD: Standard deviation; FAZ: Foveal avascular zone; PERIM: Foveal 

avascular zone perimeter; AI: A-circularity index; FD-300: Vessel 

densities 300 µm area around FAZ.

Figure 3 Ischemic BRVO with ME in a 55-year-old woman was first seen in 2021 (Case 1)  The patient had a total of 3 times of IVC injections, 

the first injection at 2021-10-18, the second one at 2021-11-18, and the last one at 2022-01-03. During the follow-up, the BCVA increased from 

0.6 to 0.2. FAZ area increased from 0.452 to 0.626 mm2. PERIM increased from 2.752 to 3.566 mm. AI increased from 1.16 to 1.27. FD-300 (%) 

increased from 51.40 to 49.42. B-scan showed the ME from onset to regression. BRVO: Branch retinal vein occlusion; ME: Macular edema; 

FAZ: Foveal avascular zone; IVC: Intravitreal conbercept; BCVA: Best-corrected visual acuity; FD-300: Vessel densities 300 µm area around FAZ; 

PERIM: Foveal avascular zone perimeter; AI: A-circularity index.

OCTA for macular microvessels in ischemic BRVO
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DISCUSSION
The pathogenesis of ME secondary to BRVO is multifactorial. 
First, ME may be caused by over-expression of VEGF, a 

process that disrupts the blood-retina barrier (BRB) with vessel 
caliber modification. Then, cause of venous pressure, retinal 
capillary non-perfusion and tissue ischemia, BRVO may 
cause the damage of blood capillary endothelial cells and the 
loss of structural integrity[11-12]. Due to the destruction of the 
inner BRB (iBRB), the permeability of capillaries increases, 
and the fluid leaks out of the blood vessels and accumulates 
in the macular area, which may also be the cause of ME. In 
addition, due to retinal circulation disorder, retinal ischemia 
and hypoxia, the structure and function of retinal pigment 
epithelium (RPE) cells are damaged, as well as the changes in 
the ellipsoid zone-RPE complex, which can cause outer BRB 
(oBRB) damage, resulting in the accumulation of intraretinal 
or subretinal fluid, thus forming ME[13-15]. Tomiyasu et al[16] 
believed that microaneurysms with local leakage could lead to 
BRVO-induced refractory ME. 
OCTA was introduced as a non-invasive, promising imaging 
technique that enables the detection of retinal and choroidal 
diseases and allows more detailed imaging of vascular 
microstructures without the use of exogenous dyes compared 
to FFA. The presence of ME implied segmentation errors. ME 
may still cause small segmentation errors in the foveal region, 
which could explain the differences in the foveal vessel density 
before and after treatment. However, FAZ parameters were 
based on retinal slab instead of the separated SCP and DCP, 
and thus were not affected by segmentation errors.
Several previous clinical studies used OCTA to evaluate the 

Figure 4 Heat map of correlation between the baseline BCVA 

and FAZ parameters  The baseline BCVA had significantly positive 

correlation with FAZ area, PERIM and AI, but negative correlation 

with FD-300. BCVA: Best-corrected visual acuity; FAZ: Foveal 

avascular zone; FD-300: Vessel densities 300 µm area around FAZ; 

PERIM: Foveal avascular zone perimeter; AI: A-circularity index.

Figure 5 Heat map of correlations among FVG and other variables  

FVG was positively related to age and FD-300, but strongly and 

inversely related with baseline BCVA, FAZ area, PERIM, AI, and the 

number of injections. FVG: Final visual gain; FD-300: Vessel densities 

300 µm area around FAZ; BCVA: Best-corrected visual acuity; FAZ: 

Foveal avascular zone; PERIM: Foveal avascular zone perimeter; AI: 

A-circularity index.

Figure 6 The OCTA images of the macular area of the two BRVO 

eyes  A and C: At baseline, basically complete continuity of the arch 

ring was showed; B and D: At 6mo, the vascular continuity of the arch 

ring was disrupted, and macular ischemia developed (red arrow). 

OCTA: Optical coherence tomography angiography; BRVO: Branch 

retinal vein occlusion.
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retinal vascular changes that occur in BRVO[9-10,13]. However, 
there were few studies on OCTA follow-up analysis of BRVO 
patients with ME after conbercept treatment. In our study, 
OCTA built-in software was used to analyze the OCTA 
parameters of BRVO eyes, including FAZ parameters. By 
studying multiple quantitative parameters of the macular area, 
the predictive factors of final visual acuity recovery in ME 
eyes secondary to BRVO were explored and evaluated.
Previous randomized multicenter studies have shown that ME 
healed spontaneously only in 30%-34% cases. Anti-VEGF 
drugs can effectively inhibit the formation of microaneurysms 
and reduce leakage, which is the top priority for the effective 
treatment of BRVO-induced ME[5]. However, some patients 
still have refractory ME despite long-term and multiple 
intraocular injections[15,17-18]. Our findings confirmed that 
with the development of the disease at post-treatment 6mo, 
the FAZ area, PERIM and AI increased, while the FD-300 
decreased. We think the cause may be related to the continued 
progression of the disease. Since blood flow density is defined 
as the percentage of area marked by vessel flow signal, 
increased vessel diameter may result in a higher baseline 
FD-300. However, after treatment with intraocular injection, 
the reduction of vessel diameter and the development of 
macular ischemia reduced the level of FD-300. Therefore, 
the quantitative FAZ parameters may be closely related to the 
recurrence of ME and more times of IVC injection.
Our findings recorded the development of macular ischemia 
during 6mo. It suggested that severe macular ischemia at 
baseline is the primary risk factor for recurrence of ME. 
Meanwhile, although IVC treatment was given, more new 
cases of macular ischemia still appeared. In the present, there 
have been a few case reports about macular ischemia after 
anti-VEGF injection treatment[19-20], but in the observation of 5 
cases with macular ischemia, we found that the ischemia was 
relatively slow, so we hold that it originated from BRVO, not 
anti-VEGF. 
Multiple prospective studies have demonstrated that visual 
acuity improved and ME subsided significantly after 
intravitreal anti-VEGF drugs[21-22]. In our study, BRVO patients 
also gained favorable BCVA at post-treatment 6mo. That 
means, the worse baseline BCVA indicated severer injury 
in foveal capillary ring and more times of IVC injection. 
The FAZ parameters had a significant correlation with FVG. 
So, a high baseline FD-300 might point to a better visual 
prognosis. Contrastively, the large baseline FAZ area, high 
AI and baseline BCVA might imply a bad prognosis. These 
findings were consistent with previous studies[23] of poor visual 
outcomes in patients with broken foveal capillary ring.
The application of OCTA technology has played an important 
role in promoting the clinical diagnosis and treatment of 

ophthalmology and the improvement of scientific level, and 
it is also one of the most important new advances in the field 
of ophthalmology in recent years. At present, the foreign 
studies mainly focus on the stratification and quantitative 
observation of OCTA in optic nerve, retinal and choroidal 
neovascularization diseases, glaucoma and other diseases, 
which make up for the limitations of previous examination 
methods and improves the limited understanding of diseases. 
Although foreign studies have certain advanced advantages, 
there indicators are not Asian populations, so the diagnosis 
of some diseases is still different from the actual clinical 
characteristics of China. In our study, OCTA parameters were 
used to evaluate the efficacy of intraocular injection for BRVO, 
which may have a certain predictive role in future clinical 
treatment.
In conclusion, through this study, we found that quantitative 
analysis of macular ischemia using FAZ parameters can 
provide evidence for how to better use anti-VEGF drugs to 
improve the visual prognosis of BRVO patients. Therefore, 
we can use OCTA to observe macular ischemia and quantify 
parameters in order to better predict the patient’s final visual 
recovery before treatment. At the same time, these indicators 
can be used to further understand the development of the 
disease in detail during follow-up. Prospective, multicenter 
studies with large samples are required, as are long-term 
follow-up periods on changes in the FAZ parameters in BRVO 
patients, as well as the factors influencing them.
ACKNOWLEDGEMENTS
Conflicts of Interest: Tang L, None; Sun GL, None; Zhao Y, 
None; Yang TT, None; Yao J, None.
REFERENCES

1 Rogers SL, McIntosh RL, Lim L, Mitchell P, Cheung N, Kowalski 

JW, Nguyen HP, Wang JJ, Wong TY. Natural history of branch retinal 

vein occlusion: an evidence-based systematic review. Ophthalmology 

2010;117(6):1094-1101.e5.

2 Jaulim A, Ahmed B, Khanam T, Chatziralli IP. Branch retinal vein 

occlusion: epidemiology, pathogenesis, risk factors, clinical features, 

diagnosis, and complications. An update of the literature. Retina 

2013;33(5):901-910.

3 Noma H, Yasuda K, Shimura M. Cytokines and the pathogenesis 

of macular edema in branch retinal vein occlusion. J Ophthalmol 

2019;2019:1-9.

4 Sangroongruangsri S, Ratanapakorn T, Wu O, Anothaisintawee T, 

Chaikledkaew U. Comparative efficacy of bevacizumab, ranibizumab, 

and aflibercept for treatment of macular edema secondary to retinal 

vein occlusion: a systematic review and network meta-analysis. Expert 

Rev Clin Pharmacol 2018;11(9):903-916.

5 Spaide RF, Klancnik JM Jr, Cooney MJ. Retinal vascular layers 

imaged by fluorescein angiography and optical coherence tomography 

angiography. JAMA Ophthalmol 2015;133(1):45.

OCTA for macular microvessels in ischemic BRVO



2055

Int J Ophthalmol,    Vol. 16,    No. 12,  Dec. 18,  2023      www.ijo.cn
Tel: 8629-82245172     8629-82210956      Email: ijopress@163.com

6 Yang D, Ran AR, Nguyen TX, Lin TPH, Chen H, Lai TYY, Tham 

CC, Cheung CY. Deep Learning in Optical Coherence Tomography 

Angiography: Current Progress, Challenges, and Future Directions. 

Diagnostics (Basel) 2023;13(2):326. 

7 Choi WJ. Imaging motion: a comprehensive review of optical coherence 

tomography angiography. Advances in Experimental Medicine and 

Biology. Singapore: Springer Singapore 2021:343-365.

8 Cohen SY, Miere A, Nghiem-Buffet S, Fajnkuchen F, Souied EH, 

Mrejen S. Clinical applications of optical coherence tomography 

angiography: what we have learnt in the first 3 years. Eur J Ophthalmol 

2018;28(5):491-502.

9 Samara WA, Shahlaee A, Sridhar J, Ali Khan M, Ho AC, Hsu J. 

Quantitative optical coherence tomography angiography features 

and visual function in eyes with branch retinal vein occlusion. Am J 

Ophthalmol 2016;166:76-83.

10 Wang Q, Chan SY, Yan YN, Yang JY, Zhou WJ, Jonas JB, Wei WB. 

Optical coherence tomography angiography in retinal vein occlusions. 

Graefes Arch Clin Exp Ophthalmol 2018;256(9):1615-1622.

11 Schmidt-Erfurth U, Garcia-Arumi J, Gerendas BS, Midena E, 

Sivaprasad S, Tadayoni R, Wolf S, Loewenstein A. Guidelines for the 

management of retinal vein occlusion by the European society of retina 

specialists (EURETINA). Ophthalmologica 2019;242(3):123-162.

12 Noma H, Mimura T, Yasuda K, Nakagawa H, Motohashi R, Kotake 

O, Shimura M. Intravitreal ranibizumab and aqueous humor factors/

cytokines in major and macular branch retinal vein occlusion. 

Ophthalmologica 2016;235(4):203-207.

13 Khokhlova DY, Drozdova EA, Kurysheva NI, Loskutov IA. Optical 

coherence tomographic patterns in patients with retinal vein occlusion 

and macular edema treated by ranibizumab: a predictive and 

personalized approach. Epma J 2021;12(1):57-66.

14 Kwon JW, Jee D. Correction: aqueous humor cytokine levels in 

patients with diabetic macular edema refractory to anti-VEGF 

treatment. PLoS One 2018;13(11):e0207902.

15 Yamada R, Nishida A, Shimozono M, Kameda T, Miyamoto N, 

Mandai M, Kurimoto Y. Predictive factors for recurrence of macular 

edema after successful intravitreal bevacizumab therapy in branch 

retinal vein occlusion. Jpn J Ophthalmol 2015;59(6):389-393.

16 Tomiyasu T, Hirano Y, Yoshida M, Suzuki N, Nishiyama T, Uemura 

A, Yasukawa T, Ogura Y. Microaneurysms cause refractory macular 

edema in branch retinal vein occlusion. Sci Rep 2016;6:29445.

17 Kawakami S, Wakabayashi Y, Watanabe Y, Umazume K, Yamamoto 

K, Goto H. Healing rate of macular edema secondary to branch retinal 

vein occlusion in two years after initiation of intravitreal ranibizumab 

later combined with other treatment as needed and characteristics of 

refractory cases. PLoS One 2023;18(1):e0278968.

18 Giuffrè C, Cicinelli MV, Marchese A, Coppola M, Parodi MB, 

Bandello F. Simultaneous intravitreal dexamethasone and aflibercept 

for refractory macular edema secondary to retinal vein occlusion. 

Graefes Arch Clin Exp Ophthalmol 2020;258(4):787-793.

19 Zhu ZY, Meng YA, Kozak I, Xie MY, Liang YL, Yan B, Zhou L, 

Ouyang PB, Yao XX, Luo J. Microvascular structure changes after 

intravitreal ranibizumab injection in retinal vein occlusion patients 

with and without macular ischemia. Front Med 2021;8:737537.

20 Braithwaite T, Nanji AA, Lindsley K, Greenberg PB. Anti-

vascular endothelial growth factor for macular oedema secondary 

to central retinal vein occlusion. Cochrane Database Syst Rev 

2014;5(5):CD007325.

21 Bayat AH, Çakır A, Özturan ŞG, Bölükbaşı S, Erden B, Elçioğlu MN. 

Comparison of one and three initial monthly intravitreal ranibizumab 

injection in patients with macular edema secondary to branch retinal 

vein occlusion. Int J Ophthalmol 2018;11(9):1534-1538.

22 Qiu XY, Hu XF, Qin YZ, Ma JX, Liu QP, Qin L, Li JM. Comparison 

of intravitreal aflibercept and dexamethasone implant in the treatment 

of macular edema associated with diabetic retinopathy or retinal vein 

occlusion: a Meta-analysis and systematic review. Int J Ophthalmol 

2022;15(9):1511-1519.

23 Qin HF, Shi FJ, Zhang CY, Luo DW, Qin SY, Wu J, Xie H, Zhang 

JT, Qiu QH, Liu K, Xu GT, Xu GX, Zhang JF. Anti-VEGF reduces 

inflammatory features in macular edema secondary to retinal vein 

occlusion. Int J Ophthalmol 2022;15(8):1296-1304.


	_Hlk138842481
	OLE_LINK119
	OLE_LINK120
	_Hlk141994889
	_Hlk149212659
	_Hlk85751328
	_Hlk149464922
	_Hlk141035055
	_Hlk141035072
	OLE_LINK3
	_Hlk149230317
	_GoBack
	OLE_LINK55
	_Hlk91268773
	_Hlk91268756
	_Hlk90061687
	_Hlk90061740
	_Hlk91271193
	_Hlk91277122
	_Hlk91277098
	_Hlk103511401
	_Hlk103509971
	_Hlk91530374
	OLE_LINK36
	OLE_LINK40
	_Hlk125143863
	_Hlk147149598
	_Hlk149230317
	OLE_LINK2
	_Hlk125124798
	_Hlk124369820
	OLE_LINK7
	_Hlk125183722
	_Hlk125190237
	_Hlk125189680
	_Hlk125190148
	OLE_LINK3
	_Hlk147147616
	_Hlk147400311
	_Hlk147400528
	_Hlk149837571
	_Hlk10105297
	OLE_LINK67
	OLE_LINK69
	_Hlk142899008
	OLE_LINK43
	OLE_LINK54
	OLE_LINK19
	_Hlk32259577
	_Hlk32259610
	_Hlk32259623
	OLE_LINK20
	OLE_LINK45
	OLE_LINK51
	OLE_LINK46
	OLE_LINK41
	OLE_LINK12
	OLE_LINK24
	OLE_LINK37
	_Hlk149230317
	OLE_LINK48
	OLE_LINK4
	OLE_LINK1
	OLE_LINK2
	OLE_LINK65
	_Hlk535998111
	OLE_LINK6
	OLE_LINK7
	OLE_LINK9
	OLE_LINK10
	OLE_LINK17
	OLE_LINK8
	_Hlk536000257
	OLE_LINK13
	OLE_LINK14
	OLE_LINK39
	OLE_LINK40
	OLE_LINK15
	OLE_LINK16
	translation_sen_id-4
	translation_sen_id-1
	translation_sen_id-3
	OLE_LINK21
	OLE_LINK35
	OLE_LINK52
	OLE_LINK56
	OLE_LINK59
	OLE_LINK62
	OLE_LINK31
	OLE_LINK3
	OLE_LINK29
	OLE_LINK32
	OLE_LINK33
	OLE_LINK34
	_Hlk148605665
	PositionBeforeFormat
	OLE_LINK1
	OLE_LINK46
	OLE_LINK13
	OLE_LINK20
	OLE_LINK23
	OLE_LINK24
	OLE_LINK10
	OLE_LINK14
	OLE_LINK16
	OLE_LINK15
	OLE_LINK17
	OLE_LINK27
	OLE_LINK19
	OLE_LINK30
	OLE_LINK32
	OLE_LINK29
	OLE_LINK3
	OLE_LINK26
	OLE_LINK9
	OLE_LINK34
	OLE_LINK35
	OLE_LINK36
	OLE_LINK4
	OLE_LINK21
	OLE_LINK5
	_Hlk137221880
	OLE_LINK6
	OLE_LINK12
	OLE_LINK11
	OLE_LINK37
	OLE_LINK7
	OLE_LINK28
	OLE_LINK84
	OLE_LINK39
	OLE_LINK38
	OLE_LINK47
	OLE_LINK64
	OLE_LINK61
	OLE_LINK8
	OLE_LINK65
	OLE_LINK74
	OLE_LINK71
	OLE_LINK72
	OLE_LINK85
	OLE_LINK70
	OLE_LINK73
	OLE_LINK77
	OLE_LINK42
	OLE_LINK44
	OLE_LINK76
	OLE_LINK89
	OLE_LINK91
	OLE_LINK92
	_Hlk142676516
	_Hlk142676531
	OLE_LINK100
	OLE_LINK97
	OLE_LINK101
	OLE_LINK81
	OLE_LINK102
	OLE_LINK103
	OLE_LINK43
	OLE_LINK45
	OLE_LINK48
	OLE_LINK63
	OLE_LINK58
	OLE_LINK55
	OLE_LINK56
	OLE_LINK53
	OLE_LINK59
	OLE_LINK52
	OLE_LINK98
	OLE_LINK99
	OLE_LINK68
	OLE_LINK69
	_Hlk137221912
	_Hlk124004506
	_Hlk124004279
	_Hlk149055863
	_Hlk124016688
	OLE_LINK16
	OLE_LINK13
	_Hlk16518107
	_Hlk97195352
	_Hlk67576982
	OLE_LINK1
	_Hlk88747580
	_Hlk150440374
	_Hlk108183234
	OLE_LINK3
	OLE_LINK2
	OLE_LINK4
	_Hlk88748841
	OLE_LINK18
	OLE_LINK21
	_Hlk83730683
	_Hlk133177996
	OLE_LINK19
	_Hlk88748625
	OLE_LINK20
	OLE_LINK22
	OLE_LINK23
	OLE_LINK24
	OLE_LINK5
	Dynamic tear meniscus parameters in complete blinking: insights into dry eye assessment
	Ying-Huai Zhang1,2, Jun Feng3, Chen-Yuan Yi1,2, Xian-Yu Deng1,2, Yong-Jin Zhou1,2, Lei Tian3, Ying Jie3

	Effects of diquafosol sodium in povidone iodine-induced dry eye model
	Can Zhang1, He Wang2, Dong-Yan Chen3, Kai Zhao1, Wei Wang2, Ming-Xin Li2

	Morroniside ameliorates lipopolysaccharide-induced inflammatory damage in iris pigment epithelial cells through inhibition of TLR4/JAK2/STAT3 pathway 
	Wen-Jie Li1,2, Lin Liu2, Hong Lu1,3 

	Role of reactive oxygen species in epithelial—mesenchymal transition and apoptosis of human lens epithelial cells
	Rui-Hua Jing1, Cong-Hui Hu2, Tian-Tian Qi2, Bo Ma2

	Electroacupuncture alleviates ciliary muscle cell apoptosis in lens-induced myopic guinea pigs through inhibiting the mitochondrial signaling pathway
	Zhao-Hui Yang1, Jia-Wen Hao1, Jin-Peng Liu1, Bo Bao1, Tu-Ling Li1, Qiu-Xin Wu2, Ming-Guang He3, Hong-Sheng Bi2,4, Da-Dong Guo4

	De novel heterozygous copy number deletion on 7q31.31-7q31.32 involving TSPAN12 gene with familial exudative vitreoretinopathy in a Chinese family
	Shuang Zhang, Hai-Ming Yong, Gang Zou, Mei-Jiao Ma, Xue Rui, Shang-Ying Yang, Xun-Lun Sheng

	A pedigree with retinitis pigmentosa and its concomitant ophthalmic diseases
	Hong-Dou Luo, Shao-Nan Pei, Ai-Jia Wang, Xue-Qing Yu, Hai-Jian Hu, Ling Zeng, Fei-Fei Wang, Ming Jin, Xu Zhang 

	Clinical significance of episcleral venous fluid wave in gonioscopy-assisted transluminal trabeculotomy
	Liu-Zhi Zeng1, Yu He1, Xiao-Qin Wang1, Yi-Ping Xian1, Han-Ying Fan1, Lin Jing1, Jing Shu1, Qin Li1, Ning-Li Wang2

	Retinal microvascular and microstructural alterations in the diagnosis of meibomian gland dysfunction in severely obese population: a new approach
	Hai Huang1, Xiao-Yu Wang2,3, Hong Wei4,5, Min Kang4,5, Jie Zou4,5, Qian Ling4,5, San-Hua Xu4,5, Hui Huang4,5, Xu Chen6, Yi-Xin Wang7, Yi Shao4,5, Yao Yu2

	Ocular surface microbiota in patients with varying degrees of dry eye severity
	Xin-Rong Zou1,2, Pei Zhang3,4, Yuan Zhou1,2, Yao Yin1,2

	Symmetrical femtosecond laser arc incision in correcting corneal astigmatism in cataract patients
	Zun-Xia Hu1, Jing Sima1, Jia-Guo Cao1, Yan Ke1, Ying-Ying Zhang1, Qiong-Tian Guo1, Yu-Ping He1, Hong-Xia Liao1, Xiao Tan1, Bo Qin1, Li Li1,2

	Surgical outcome comparisons of multifocal IOLs of Lentis Comfort LS-313 MF15 and Tecnis Eyhance DIB00V
	Kyohei Sugawara, Ryosuke Ito, Hiroshi Horiguchi, Kei Mizobuchi, Satoshi Katagiri, Hisato Gunji, Tadashi Nakano

	Effect of low dose laser cycloplasty on deepening anterior chamber in chronic angle-closure glaucoma
	Xuan-Li Zheng1, Hai-Shuang Lin1, Xiao-Jie Wang1, Jia-Qian Li1, Yan-Qian Xie2,3, Shao-Dan Zhang2,3, Yuan-Bo Liang2,3

	Peripapillary and macular vascular densities in healthy, ocular hypertensive, and different stages of glaucomatous eyes
	Caner Öztürk1, Sirel Gür Güngör2, Ümit Ekşioğlu2, Almila Sarıgül Sezenöz2, Meriç Çolak3

	Optical coherence tomography angiography characteristics of exudative and non-exudative treatment-naïve pachychoroid neovasculopathy
	Chun Yang, Zu-Hua Sun, Ting-Ye Zhou, Wei-Wei Zheng, Xiao-Ling Liu, Bing Lin

	Risk factors and prognosis of pediatric rhegmatogenous retinal detachment in Egypt: a university hospital based study
	Mohamed Gaber Eissa, Mohamad Amr Salah Eddin Abdelhakim, Tamer Ahmed Macky, Hassan Aly Mortada

	Retinal laser photocoagulation and intravitreal injection of anti-VEGF for hemorrhagic retinal arterial microaneurysm
	Ying Huang, Wei-Wei Zheng, Ying-Zi Li, Zu-Hua Sun, Bing Lin

	Optical coherence tomography angiography for macular microvessels in ischemic branch retinal vein occlusion treated with conbercept: predictive factors for the prognosis
	Li Tang, Guang-Li Sun, Yue Zhao, Ting-Ting Yang, Jin Yao 

	How long does the recovery of corneal sensitivity in different corneal regions take after LASEK?
	Ali Mirzajani1, Aria Bouyeh1, Fatemeh Khezri1, Ebrahim Jafarzadehpur1, Farid Karimian2 

	Peripapillary intrachoroidal cavitation at the crossroads of peripapillary myopic changes
	Adèle Ehongo1, Zaki Hasnaoui1, Nacima Kisma1, Yassir Alaoui Mhammedi1, Artemise Dugauquier1, Kevin Coppens2, Eloïse Wellens3, Viviane de Maertelaere4, Françoise Bremer1, Karelle Leroy5

	Quality of life and depression among patients with high myopia in Nigeria–a cross sectional study
	Uchechukwu Levi Osuagwu1,2, Kelechukwu Enyinnaya Ahaiwe3, Nnaemeka Meribe4, Elizabeth Dennis Nkanga5, Bernadine Nsa Ekpenyong6, Affiong Andem Ibanga5, Piwuna Christopher Goson7, Dennis George Nkanga5

	Observation of peripheral refraction in myopic anisometropia in young adults
	Yu-Qin Du1,2, Yue-Hua Zhou1,2, Ming-Wei Ding1,2, Ming-Xu Zhang1,2, Yu-Juan Guo1,2, Shan-Shan Ge1,2

	Evaluation of macular choroidal and microvascular network changes by activity scores and serum antibodies in thyroid eye patients and healthy subjects
	Mehmet Erkan Dogan1, Ibrahim Basol2, Hatice Deniz Ilhan1, Yusuf Ayaz1, Olgar Ocal3 

	Agreements’ profile of Scheimpflug-based optical biometer with gold standard partial coherence interferometry
	Sara Sardari1,2, Akbar Fotouhi3, Ebrahim Jafarzadehpur4, Mehdi Khabazkhoob5

	Different approaches for treating myopic choroidal neovascularization: a network Meta-analysis
	Ya-Jun Wu1,2,3, Yu-Liang Feng1,2,3, Jia-Song Yang1,2,3, Hua Fan2,3, Wen-Sheng Li1,2,3

	Visualized analysis of research on myopic traction maculopathy based on CiteSpace
	Heng-Di Zhang1, Ling Zhang2, Fei Han1, Ning Lin1, Wei Jiang1

	Glaucoma among Saudi Arabian population: a scoping review
	Ismail Abuallut1, Mohammed Khalid Arishi2, Ahmed Mustafa Albarnawi2, Sumayyah Ali Jafar2, Abdullah Mohammed Alamer2, Tahani Hassan Altubayqi2, Mohammed Ahmed Hadadi2, Mohand Abdullah Alasiri2

	Three siblings with gyrate atrophy of the choroid and retina: a case report
	Maamouri Rym1,4, Ferchichi Molka1,4, Ben Chehida Amel2,4, Hadj-Taieb Sameh3,4, Cheour Monia1,4

	Endoscopic transnasal optic canal decompression for pediatric traumatic optic neuropathy with no light perception
	Yuan Ning1, Chun-Xia Wang1, Zi-Yan Yu1, Yong Wang2


