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Introduction

Retinal vein occlusion (RVO) is the second most common 
cause of vision loss from retinal vascular disease, follow-
ing diabetic retinopathy (1). Branch retinal vein occlusion 
(BRVO) is often due to a compression of the adjacent vein 
by atherosclerotic retinal arteries at the site of arteriove-
nous crossing, leading to turbulent flow and venous stasis. 

Thrombosis of a retinal vein causes an increase in retinal cap-
illary pressure, resulting in increased capillary permeability 
and leakage of fluid and blood into the retina. Accompanying 
retinal ischemia may worsen this process by the production 
of vascular endothelial growth factor (VEGF), which then 
increases retinal capillary permeability and leakage into the 
extracellular space resulting in macular edema (ME) (2). ME 
is the most common cause of visual loss in RVO, followed by 
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macular ischemia, neovascularization, neovascular glaucoma, 
vitreous hemorrhage, and retinal detachment (2). The main 
goal of treatment for ME is to reduce the photoreceptor 
damage by decreasing the duration of edema. Currently, 
laser photocoagulation, intravitreal corticosteroids, and an-
ti-VEGF agents are being used for the treatment of ME in 
RVO. Macular grid photocoagulation may be considered in 
patients with BRVO who are adverse to intravitreal therapy. 
However, visual acuity (VA) results in lag behind the results 
for anti-VEGF therapies (3).

One of the first therapeutic agents used for the treat-
ment of ME is intravitreal triamcinolone acetonide (IVTA). In 
the SCORE study, the efficacy and safety of different doses 
IVTA were compared with standard care, including grid pho-
tocoagulation. Successful anatomic and functional results 
were obtained with IVTA. However, adverse effects, such as 
cataract and glaucoma, are major limitations (4).

GENEVA studies evaluated the safety and efficacy of an 
intravitreal implant of dexamethasone (DEX) (Ozurdex®; 
Allergan plc, Dublin, Ireland) in patients with ME secondary 
to RVO. The outcomes of DEX were better than in controls. 
Based on these studies, Ozurdex received United States 
Food and Drug Administration (FDA) and European Union 
(EU) approval for 0.7-mg implants for the treatment of adult 
patients with ME following either BRVO or CRVO (5, 6).

Nowadays, anti-VEGF injections are mostly preferred as 
the first-line therapy for ME in BRVO (2). The BRAVO and 
CRUISE studies demonstrated that ranibizumab (RAN) (Lu-
centis®; Novartis, Pharma AG, Switzerland) was associated 
with a significantly greater mean reduction in central macular 
thickness (CMT), and improvement in vision (7-9). RAN re-
ceived FDA approval upon these studies.

There are studies about the efficacy and safety of the 
available therapeutic agents. However, current evidence on 
drug comparisons is limited. To our knowledge, there is no 
study comparing the long term results of RAN, DEX, and 
IVTA for the treatment of ME in BRVO. Short-term safety 
and efficacy comparisons were previously reported by our 
group (10). In this study, we present the long-term results 
of the above-mentioned three agents for the treatment of 
macular edema due to RVO in terms of efficacy and safety in 
real-life practice. 

Methods

This was a comparative, retrospective study. The protocol fol-
lowed the tenets of the Declaration of Helsinki and informed 
consent was obtained from all patients. Ethics approval was 
obtained from Kırıkkale University Clinical Research Ethics 
Committee (#09/12-04.04.2017). The charts of patients 
with macular edema secondary to RVO who received an in-
travitreal injection of 0.5 mg/0.05 ml RAN, 0.7 mg DEX, or 

4 mg IVTA between January 2014 and January 2017 were 
reviewed. The exclusion criteria included glaucoma, ocular 
hypertension, epiretinal membrane, vitreomacular traction, 
central macular thickness <250 μm, history of macular laser 
photocoagulation, an ischemic area of >10-disc diameters, 
and previous intravitreal injection or recent ocular surgery 
(within six months). There were no strict criteria for a load-
ing dose. Criteria for repeated injection were the progres-
sion of CMT ≥300 µm or persistent or increased intraretinal 
or subretinal fluid on OCT with a decrease in VA by five 
letters. The best-corrected visual acuity (BCVA), intraocu-
lar pressure (IOP), CMT and subfoveal choroidal thickness 
(SFCT) was recorded at each visit during follow-up. Fundus 
fluorescein angiography (Canon CF-1 Digital Mydriatic Reti-
nal Camera; Canon Inc., Tokyo, Japan) and spectral-domain 
optical coherence tomography (OCT) (Nidek RS-3000 OCT 
Advance; Nidek Co. Ltd., Gamagori, Japan) examinations 
were performed in all patients. Informed consent was ob-
tained from all patients before the injections. All intravitreal 
injections were performed in an operating room under ster-
ile conditions. Treated eyes were divided into three groups 
according to the treatment agent as the intravitreal RAN 
group, the DEX implant group, and the IVTA group. 

The main outcomes measured were changes in BCVA, 
IOP, CMT, SFCT, and ocular adverse effects. Data related 
to baseline and post-injection visits at month 1, 3, 6, and 12 
were compared.

Statistical Analysis
The research data were evaluated using the Statistical Pack-
age for the Social Sciences (SPSS) for Windows 22.0 (IBM 
SPSS, Armonk, NY: IBM Inc.). Chi-square test was used to 
evaluate categorical variables. The conformity of the vari-
ables to normal distribution was examined using histograms, 
probability plots, and the Shapiro-Wilk test. The Kruskal-
Wallis test was used for statistical analysis between three 
independent groups, and the Wilcoxon signed-rank test was 
used for statistical analysis between two dependent groups. 
When a significant difference was found between the three 
independent groups, the Mann-Whitney U test and posthoc 
Bonferroni correction was used to find the source of the 
difference. A p-value of <0.05 was accepted as statistically 
significant.

Results
In total, 43 eyes of 43 subjects were included in the anal-
ysis. All patients were followed up for 12 months. Demo-
graphic findings and the mean number of injections for each 
group are given in Table 1. Of the 43 eyes, 17 (39.5%) re-
ceived RAN, 16 (37.2%) received DEX, and the remaining 10 
(23.3%) received IVTA injections. The mean age of the pa-
tients and sex distribution between the groups were similar. 
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The mean number of injections was significantly higher in the 
IVTA group than in the DEX group (2.9 vs. 1.8). Although 
the mean number of injections was higher in the RAN group 
than in the DEX group (2.3 vs. 1.8), this difference was not 
significant. During the one-year follow-up period, scatter 
laser photocoagulation was performed for ischemic areas in 
17.6%, 37.5%, and 40% of the patients in the RAN, DEX, and 
IVTA groups, respectively (p=0.345).

Best-corrected Visual Acuity
The changes in BCVA values during follow-up are given in 
Figure 1 and Table 2. The baseline BCVA values were similar 
between the groups (p=0.996). There was a statistically sig-
nificant increase in BCVA from baseline at all visits in both 
the RAN and DEX groups (all p<0.05). The BCVA increase 
from baseline in the IVTA group was significant at month 1 
and 6 (p=0.049; p=0.03, respectively), but not at month 3 
and 12 (p=0.602; p=0.261, respectively).

Central Macular Thickness 
The changes in CMT values during follow-up are given in 
Figure 2 and Table 2. There was a statistically significant de-
crease in the mean CMT from baseline at all visits after the 

  Total RAN DEX IVTA p

  (n=43)  (n=17) (n=16) (n=10)

Age (years)

 Mean±SD (min-max) 63.42±12.90 (23-83) 67.65±10.00 (43-83) 57.25±17.06 (23-82) 66.10±2.13 (63-70) 0.082**

Sex, n (%)     

 Female 28 (65.1) 11 (64.7) 11 (68.8) 6 (60.0) 0.901*

 Male 15 (34.9) 6 (35.3) 5 (31.3) 4 (40.0) 

Systemic disease, n (%) 28 (65.1) 11 (64.7) 11 (68.8) 6 (60.0) 0.901*

 DM 4 (9.3) 1 (5.9) 3 (18.8) 0 0.228*

 HT 13 (30.2) 5 (29.4) 5 (31.3) 3 (30.0) 0.993*

 DM+HT 11 (25.6) 5 (29.4) 3 (18.8) 3 (30.0) 0.731*

Laser, n (%) 13 (30.2) 3 (17.6) 6 (37.5) 4 (40.0) 0.345*

Number of injections, 2.30±0.86 (1-4) 2.35±1.00 (1-4) 1.88±0.62z (1-3) 2.90±0.57z (2-4) 0.008**

mean±SD (min-max) 

n (%) of patients receiving

 1 injection 8 (18.6) 4 (23.5) 4 (25) 0

 2 injections 17 (39.5) 5 (29.4) 10 (62.5) 2 (20)

 3 injections 15 (34.8) 6 (35.2) 2 (12.5) 7 (70)

 4 injections 2 (4.6) 1 (5.8) 0 1 (10)

 5 injections 1 (2.3) 1 (5.8) 0 0 

Lens status, n (%) 

 Phakic with clear lens 11 (25.5) 5 (29.4) 6 (37.5) 0 

 Phakic with lens opacity 20 (46.5) 8 (47.1) 6 (37.5) 6 (60) 

 Pseudophakic 12 (28) 4 (23.5) 4 (25) 4 (40) 

SD: Standard deviation; n: Number; %: Percentage of the column; IVTA: Intravitreal Triamcinolone acetonide; RAN: Ranibizumab; DEX: Dexamethasone 
intravitreal implant; *chi-square test; **Kruskal-Wallis test; z: In post-hoc pairwise comparisons there was a significant difference between the DEX and IVTA 
groups (p<0.017). Bold letters indicate p<0.05.

Table 1. The baseline patient characteristics, number of the injections and ocular adverse effects in the study groups

Figure 1. The best-corrected visual acuity during follow-up in the 
study groups.

0.6
0.55
0.55
0.45
0.4

0.35

0.25
0.3

0.2
Baseline 1. Month 3. Month 6. Month 12. Month

Ranibizumab Dexamethasone implant IVTA (Triamcinolone)

Best corrected visual acuity (logMAR)



Dikel et al., Treatment of Macular Edema in BRVO144

injection in both the IVTA and DEX groups (all p<0.05). In 
the RAN group, there was a significant decrease in the mean 
CMT from baseline at all visits, except month 6 (p=0.185). 

Subfoveal Choroidal Thickness 
The changes in SFCT values during follow-up are given in 
Figure 3 and Table 2. There was a statistically significant de-
crease in SFCT from baseline at month 1 in all study groups 
(all p˂0.05). However, there was no significant difference be-
tween baseline SFCT and SFCT at month 3, 6, and 12, in any 
groups (all p>0.05).

Safety Outcomes
The changes in IOP values among the groups during follow-
up are given in Figure 4. There was no statistically significant 
difference between baseline and follow-up IOP values in the 
RAN group. In the DEX group, a statistically significant in-
crease was found from baseline at month 1, 3, and 6 after the 
injection (all p˂0.05). Topical antiglaucomatous treatment 
was started in three patients in the DEX group; therefore, 
IOP values at month 12 were similar to baseline (p=0.531). 
Patients in the IVTA group had significantly higher IOP values 
at month 1 and month 3 compared with baseline (p=0.031; 

Figure 2. The central macular thickness during follow-up in the 
study groups.
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Figure 3. The subfoveal choroidal thickness during follow-up in the 
study groups.
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Table 2. The BCVA, IOP, CMT, and SFCT values at the baseline, month 1, month 3, month 6 and month 12

  n Baseline Month 1 p* Month 3 p* Month 6 p* Month 12 p*

   mean±SD mean±SD  mean±SD  mean±SD  mean±SD

BCVA

 RAN 17 0.55±0.60 0.43±0.48 0.038 0.37±0.56 0.007 0.37±0.53 0.018 0.37±0.52 0.026

 DEX 16 0.55±0.67 0.27±0.52 0.001 0.31±0.50 0.004 0.31±0.48 0.020 0.34±0.49 0.046

 IVTA 10 0.55±0.63 0.42±0.67 0.049 0.52±0.88 0.602 0.35±0.53 0.030 0.48±0.56 0.261

IOP

 RAN 17 14.77±3.56 14.06±2.84 0.344 14.29±2.26 0.482 15.12±2.57 0.723 15.24±2.02 0.565

 DEX 16 15.56±3.69 17.13±3.86 0.038 18.19±5.47 0.032 17.44±4.18 0.031 16.06±2.96 0.531

 IVTA 10 17.20±2 .04 21.30±9.27 0.031 19.50±4.88 0.042 17.00±3.46 0.752 14.10±3.64 0.011

CMT

 RAN 17 385.3±123.3 292.1±107.7 0.025 268.4±73.5 0.001 346.4±142.7 0.185 296.2±96.2 0.007

 DEX 16 495.6±100.4 292.2±54.9 <0.001 371.8±141.0 0.008 364.9±134.5 0.008 344.7±89.4 0.001

 IVTA 10 515.5±133.2 400.6±119.5 0.007 367.5±105.3 0.022 379.5±71.9 0.047 393.2±95.9 0.044

SFCT

 RAN 17 224.9±67.6 184.3±43.9 0.020 195.2±38.8 0.084 207.0±36.0 0.485 205.3±33.5 0.315

 DEX 16 197.2±28.6 171.6±38.4 0.046 204.4±41.6 0.756 191.8±36.0 0.352 196.6±38.4 0.170

 IVTA 10 234.3±15.1 210.5±34.6 0.049 234.2±23.2 0.893 224.4±34.3 0.213 222.6±34.6 0.102

BCVA: Best-corrected visual acuity in logMAR values; IOP: Intraocular pressure; CMT: Central macular thickness; SFCT: Subfoveal choroidal thickness; n: number 
of patients; SD: Standard deviation; IVTA: Intravitreal triamcinolone acetonide; RAN: Ranibizumab; DEX: Dexamethasone intravitreal implant; *p-values come 
from the Wilcoxon signed-rank test when compared with the baseline. Bold letters indicate p<0.05.
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p=0.042, respectively), whereas the IOP values at month 12 
were significantly lower compared with pre-injection values, 
probably due to the initiation of antiglaucomatous drops in 
three patients (p=0.011) (Table 2). No patients in the RAN 
group had a significant IOP rise. However, 18.8% of the pa-
tients in the DEX group and 30% of the patients in the IVTA 
group required antiglaucomatous medication. Fortunately, in 
all cases, the IOP rise could be controlled with a single drop. 

The baseline lens status in the groups is given in Table 1. 
There were no patients with clear lenses at baseline in the 
IVTA group; the patients either had a cataract or were pseu-
dophakic. Cataract surgery was performed in none, 6.3%, 
and 30% of the patients in the RAN, DEX, and IVTA groups, 
respectively (Table 3). In phakic patients cataract, progres-
sion rates were none, 8.3% and 50% in the RAN, DEX, and 
IVTA groups, respectively. The percentage of patients who 
underwent cataract surgery was significantly higher in the 
IVTA group than in the other groups (p=0.03). However, all 
phakic patients in the IVTA group had already a baseline lens 
opacity. None of the patients with a clear lens received tri-
amcinolone injections in our study. Additionally, none of the 
patients had serious complications related to injections. 

Discussion

In our study, we evaluated the long-term results of IVTA, 
DEX, and RAN injections for the treatment of ME due to 
RVO. BCVA increased significantly in the RAN and DEX 
groups at all visits. However, the BCVA increase in the IVTA 

group was significant at the first and sixth months only. CMT 
decreased significantly in all groups at the end of the one-
year follow-up period. 

Intravitreal corticosteroids have been shown to be ef-
fective for the treatment of ME secondary to RVO. In the 
SCORE study, 411 patients with ME due to BRVO were 
recruited into one of the following study groups: standard 
care, 1-mg IVTA, or 4-mg IVTA. VA gain and decreased CMT 
was more prominent at month 4 in the 4-mg IVTA group 
compared with the 1-mg IVTA and standard care groups. 
However, at the end of the 12 months, VA results were sim-
ilar among the groups (4). In another study, including 76 pa-
tients with BRVO, CMT significantly decreased at month 1 
following IVTA injections, but the CMT decrease and visual 
gain were not significantly different from the natural course 
group, between month 6 and month 12 (11). Consistent 
with the literature, BCVA significantly increased at month 1 
after the IVTA injection in our study. There was no signifi-
cant difference in BCVA at the 3rd and 12th months of follow-
up. Interestingly, we found a significant increase in BCVA at 
month 6, probably due to repeated injections. CMT signif-
icantly decreased at all visits compared with baseline. This 
may be related to repeated injections or a relatively higher 
baseline mean CMT in the IVTA group. Although the CMT 
significantly decreased at each visit, a proportional BCVA in-
crease could not be achieved at all visits in our study, proba-
bly due to macular ischemia. 

In the GENEVA studies, 0.7 mg DEX, 0.35 mg DEX, and 
sham groups were compared concerning efficacy and safety 
in ME due to RVO (5, 6). After a single administration, both 
DEX groups provided significantly quicker visual gain com-
pared with sham. Improvement in mean BCVA was greater in 
both DEX implant groups compared with sham at all follow-
up visits (5). Likewise, in our study, a significant increase in 
BCVA and a significant decrease in CMT were achieved with 
DEX implants at all visits when compared with baseline. In a 
study by Bezatis et al., (12) favorable results were obtained 
using DEX in BRVO; however, early reinjection required in 
40.7% of the patients after approximately 18 weeks. Simsek 
et al. reported that BCVA increased and CMT decreased sig-
nificantly after the first injection of DEX in eyes with ME due 

Figure 4. The intraocular pressure during follow-up in the study groups.
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Table 3. The ocular adverse effects in the study groups during follow-up

Ocular adverse effects, n (%) Total RAN DEX IVTA p

  (n=43) (n=17) (n=16) (n=10)

IOP rise 6 (14.0) 0 3 (18.8) 3 (30.0) 0.074*

Cataract surgery 4 (9.3) 0 1 (6.3) 3 (30.0) 0.030*

n: Number; %: Percentage of the column; IVTA: Intravitreal Triamcinolone acetonide; RAN: Ranibizumab; DEX: 
Dexamethasone intravitreal implant; *chi-square test. Bold letters indicate p<0.05.
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to RVO during four months of follow-up. However, there 
was a recurrence in 65% of the patients with BRVO, and in 
70% of the patients with CRVO. After the second injection 
of the DEX implant, a significant improvement was achieved 
in BCVA and CMT (13). Kaldırım et al. indicated that DEX 
injections should be repeated after three or four months 
(14). In that study, a single dose of DEX was better than 
anti-VEGF agents concerning VA and CMT for the first three 
months, whereas it remained behind RAN and aflibercept 
at the end of a 6-month follow-up period. A significant im-
provement in BCVA and CMT was achieved at the end of 
12 months of follow-up in our study because 75% of the 
patients in the DEX group received two or more injections.

In the BRAVO study, the efficacy and safety results of 
monthly injections of 0.3 mg RAN, 0.5 mg RAN, and sham 
groups were compared for the treatment of RVO-induced 
ME. At the end of six months, the average change in BCVA 
from baseline, and a decrease in the mean CMT were signif-
icantly more in both RAN groups (7). In the 12-month out-
comes of the BRAVO study, the improvements achieved in 
the first 6 months could be maintained during 6-11 months 
with low rates of ocular and nonocular safety events (8). In 
the HORIZON trial, which was an extension of the BRAVO 
and CRUISE trials, patients were seen at least every three 
months and given RAN injections when required. Reduced 
frequency of injections in the second year resulted in a wors-
ening of vision in patients with CRVO. Fortunately, the visual 
gain in patients with BRVO remained relatively stable after 
one year of the follow-up (15). It was suggested that individu-
alized follow-up and more frequent injections were required, 
especially in patients with CRVO. However, it was reported 
that in real-world clinical practice, injection numbers could 
not reach the ideal levels in controlled trials (16). Likewise, 
in our study, the mean number of RAN injections was lower 
than in prospective, controlled studies (7, 17), probably due 
to poor patient compliance, cost, and the PRN application of 
the injections. However, our results of fewer RAN injections 
are comparable with the literature. In our study, compared 
with baseline, the visual improvement in the RAN group was 
significant at all visits during the one-year follow-up. CMT 
also significantly decreased from baseline at month 1, 3, and 
12. The decrease in the mean CMT could not be maintained 
at month 6, probably due to a lower frequency of injections. 
In another real-world retrospective study by Ozkaya et al., 
favorable functional and anatomic outcomes were obtained 
with ranibizumab, although the number of injections was 
lower than the multicenter controlled studies (18).

In the COMO study, the mean change from baseline in 
BCVA at month 12 was significantly higher in the RAN group 
than in the DEX group (17). The superiority of RAN in that 
study might be related to the higher frequency of injections 

in the RAN group: the mean number of injections was 2.5 
vs. 8 in the DEX and RAN groups, respectively. Compared 
with real-world practice, the frequency of RAN retreatment 
was reported to be high in that study (17). In our study, the 
mean number of injections was 1.88 vs. 2.35 in the DEX and 
the RAN groups, respectively. 

The mean SFCT was reported to be significantly in-
creased in eyes with BRVO compared with the fellow eye, 
and healthy eyes without BRVO (19, 20). The mean SFCT 
decreased significantly after injections of IVTA, RAN, and 
DEX (19, 21). In accordance with the literature, the mean 
SFCT in our study was significantly decreased one month af-
ter the injection in all treatment groups. Interestingly, SFCT 
increased in later visits. This may be a sign of the chronicity 
of the disease. However, further studies are required to ex-
plain the etiopathogenesis.

Cataract progression rates after IVTA are high in the lit-
erature. Lens opacity onset or progression rate was 35% in 
the SCORE study using 4-mg IVTA (4). The cataract surgery 
rate in the phakic patients of the IVTA group was even higher 
in our study (50%) because all phakic patients in our IVTA 
group had existing lens opacity at baseline. None of the pa-
tients with a clear lens received triamcinolone injections in 
our study. IVTA might accelerate cataract progression. Ac-
cording to the GENEVA report, about the 12-month results 
of DEX implants in RVO, cataracts progressed in 29.8% of 
eyes that were retreated with DEX, whereas the rate was 
5.7% in eyes that received a single implant (6). In a head-to-
head comparison study of DEX vs. RAN, cataract surgery 
rates were 3.1% vs. 0% (17). Our cataract surgery rates 
were the same in the RAN group and close to that study 
in the DEX group. According to the literature, it should be 
kept in mind that cataract surgery rates may increase up to 
70.5% with higher numbers of DEX injections and longer 
follow-up periods (22).

In our study, IOP increased significantly in 30% of the 
patients in the IVTA group and in 18.3% in the DEX group. 
There was no significant increase in IOP in the RAN group. 
The increase in IOP could be controlled with topical anti-
glaucomatous agents in all patients. Therefore, there was 
no statistically significant difference between IOP values at 
baseline and at month 12 in any of the groups. Although the 
mean number of IVTA injections was slightly higher in our 
study than the 4-mg IVTA group of the SCORE study (2.9 vs. 
2.1), the percentage of patients with an IOP increase after 
IVTA was lower (30% vs. 41%) (6). This difference may be 
related to the smaller sample size of the IVTA group in our 
study. The percentage of patients with an IOP rise after DEX 
in our study was lower than in the COMO and GENEVA 
studies (18.8% vs. 38.6% and 35.8%, respectively), but it was 
consistent with the study of Simsek et al. (18.8% vs. 17.5%) 
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(6, 13, 17). As reported previously, a higher number of re-
peated DEX injections may increase the risk of ocular hyper-
tension to 54.5% (21).

The limitations of our study are its retrospective nature 
and the small sample size in the groups. The number of in-
jections was fewer than the injections in multicenter ran-
domized controlled studies. However, it has the advantage 
of being a real-world comparison of the efficacy and safety of 
three agents. We believe that further prospective studies us-
ing new therapeutics may contribute to our decision-making 
in the treatment of ME secondary to BRVO.

Conclusion

In real-world clinical practice, visual and anatomic outcomes 
of DEX and RAN treatment were similar. DEX may decrease 
the injection burden; however, ranibizumab may be a safer 
choice. The treatment of ME in BRVO should be patient-
specific, with consideration to patient characteristics and 
possible adverse effects. 
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