
Comparison of Ranibizumab Treatment Response of 
Superior and Inferior Temporal Branch Retinal Vein 
Occlusion: A Year Follow-Up

Introduction

Among retinal vascular diseases, retinal vein occlusion is the sec-
ond most common disorder and classified as a central, branch, 
and hemicentral according to the site of obstruction (1). About 

80% of retinal vein occlusions are constituted of branch retinal 

vein occlusions (BRVO) (2). Because of the increased number 

of arteriovenous crossings in the superior temporal quadrant, 

more than 50% of BRVO occurred in this region (3).

Objectives: The aim of the study was to compare ranibizumab treatment response of macular edema secondary to 
superior and inferior temporal branch retinal vein occlusion.
Methods: Sixty-four eyes of 64 patients treated with 0.5 mg/0.05 mL ranibizumab due to macular edema secondary to 
branch retinal vein occlusion were enrolled in this retrospective study. Thirty-eight eyes with superior temporal branch 
retinal vein occlusion were classified as Group 1 and 26 eyes with inferior temporal branch retinal vein occlusion as Group 
2. Best-corrected visual acuity (BCVA), central macular thickness (CMT), and the number of intravitreal injections were 
evaluated and compared between the groups.
Results: The mean baseline, 3rd, 6th, 9th, and 12th month BCVA values in Group 1 were 0.77±0.47, 0.37±0.20, 0.37±0.22, 
0.38±0.24, and 0.35±0.18 logarithm of the minimum angle of resolution (logMAR) and in Group 2 were 0.75±0.45, 
0.37±0.18, 0.35±0.19, 0.32±0.17, and 0.28±0.20 logMAR, respectively. The mean baseline, 3rd, 6th, 9th, and 12th month CMT 
values in Group 1 were 522.92±136.01, 318.03±66.65, 287.53±48.27, 271.95±32.47, and 280.47±91.66 µm and in Group 
2 were 524.08±145.51, 289.85±53.08, 268.96±31.57, 260.77±30.22, and 244.04±44.78 µm, respectively. BCVA and CMT 
improved significantly within both groups after the treatment (p<0.05) and there was no statistically significant difference 
between the groups (p>0.05). However, a significantly higher number of injections was needed for Group 1.
Conclusion: Ranibizumab improved the visual and anatomical outcomes similarly in both superior and inferior temporal 
branch retinal vein occlusion with macular edema. However, more frequent injections were needed to achieve the same 
efficacy in superior temporal branch retinal vein occlusion.
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Macular edema is the main factor responsible for visual 
loss in BRVO (4). According to Starling’s law, the hydrostatic 
and osmotic pressure gradients between blood vessel and 
tissue regulate the fluid flow between these compartments. 
In healthy eyes, these gradients are equal and no net move-
ment is observed between vessel and tissue. If either gradient 
is disrupted by retinovascular diseases macular edema devel-
ops (5). Furthermore, vasopermeability factors such as vas-
cular endothelial growth factor (VEGF), interleukin 6 (IL-6), 
and other inflammatory mediators secreted from a hypoxic 
retina increase vascular permeability and contribute to the 
breakdown of the blood-retinal barrier that leads to macular 
edema formation. VEGF is the major factor that contributes 
to macular edema (6). Thus, intravitreally administered anti-
VEGF agents have become widely used as a primary treat-
ment for macular edema associated with BRVO (7).

Many studies have reported the effectiveness of anti-
VEGFs in the treatment of BRVO with macular edema but 
it has not been investigated if there are any differences be-
tween the treatment responses of different occlusion sites. 
Therefore, the aim of this study was to investigate the anti-
VEGF treatment responses of both the superior and inferior 
temporal BRVO.

Methods

Sixty-four eyes of 64 patients treated with 0.5 mg/0.05 mL 
ranibizumab due to BRVO with macular edema were included 
in this retrospective study. Central macular thickness (CMT) 
of more than 300 µm or subretinal fluid was accepted as 
macular edema. Treatment naive eyes received at least three 
consecutive monthly injections as a loading dose and pro re 
nata (PRN) injections afterward with a follow-up period of 
at least 12 months were included in the study. Patients were 
followed up monthly. Intravitreal dexamethasone implant 
and anti-VEGF injections other than ranibizumab, intravitreal 
treatment without a loading dose, irregular visits, follow-up 
period shorter than 12 months, cataract formation and sur-
gery during the follow-up period, BRVO with other ocular 
pathologies such as the history of vitreoretinal surgery, uve-
itis, glaucoma, and diabetic retinopathy were the exclusion 
criteria. The written consent for treatment according to the 
tenets of the Declaration of Helsinki was collected from all 
patients. Instutional Board Review/Ethics Committee has 
ruled that approval was not required for the study because 
of its retrospective nature.

Thirty-eight eyes with superior temporal BRVO were 
classified as Group 1 and 26 eyes with inferior temporal 
BRVO as Group 2. Ophthalmologic examination was per-
formed at presentation including best-corrected visual acuity 
(BCVA) measurement by Snellen Chart, anterior and poste-
rior segment examination by slit-lamp biomicroscopy, and 

intraocular pressure measurement by Goldmann applanation 
tonometer. Spectral-domain optical coherence tomography 
(Heidelberg Engineering, Heidelberg, Germany) was per-
formed for the evaluation of CMT.

Follow-up and Outcomes
After administration of three monthly intravitreal ranibi-
zumab injections, patients were examined monthly for 12 
months. The presence of subretinal fluid or CMT >300 µm 
was the reinjection criteria. The BCVA and CMT values were 
noted at the baseline, 3rd, 6th, and 12th visits. Fundus fluores-
cein angiography (VISUCAM 500; Carl Zeiss Meditec) was 
performed in all patients at month 3 after the withdrawal 
of retinal hemorrhages. Scatter laser photocoagulation was 
performed if the ischemic area was larger than the 5-disc 
area. The time between the first symptom to injection, type 
of macular edema at presentation, presence of retinal isch-
emia, and laser photocoagulation performed were recorded. 
The number of injections was calculated at the end of the 
follow-up period. BCVA and CMT values were compared be-
tween the groups at each time point.

Intravitreal Injection Procedure
All injections were performed in the operating room, un-
der sterile conditions. Eyelids and periocular tissues were 
cleaned with 10% povidone-iodine (Betadine; Purdue Phar-
ma, Stamford, CT) and then topical 5% povidone-iodine was 
administered to the conjunctival sac. Intravitreal ranibizumab 
(0.5 mg/0.5 mL, Lucentis; Novartis, Basel, Switzerland) was 
injected through the pars plana 4 mm posterior to the lim-
bus with a 30-gauge needle.

Statistical Analysis
Statistical analysis was performed using SPSS version 22.0. 
Kolmogorov–Smirnov/Shapiro–Wilk tests were used to de-
termine the normality of the distribution of data. The de-
scriptive data were presented as means, standard deviations, 
and ordinal variables. The Mann–Whitney U-test was used 
to evaluate non-parametric statistical significance between 
the groups. The Friedman test was used for finding the dif-
ferences in non-parametric repeated measures. Post hoc 
analysis with Wilcoxon signed-rank test was conducted with 
a Bonferroni correction applied for the intragroup compar-
ison. The Pearson Chi-square statistic was used for testing 
relationships between categorical variables. The results were 
evaluated using the 95% confidence intervals and p<0.05 was 
statistically significant.

Results

Sixty-four eyes treated with intravitreal ranibizumab due to 
macular edema secondary to BRVO were included in the 
study. Twenty-one (63.6%) were female and 17 (54.8%) were 
male in Group 1 and 12 (36.4%) were female and 14 (45.2%) 
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were male in Group 2. The mean age was 61.00±8.91 and 
58.23±8.12 years in Groups 1 and 2, respectively. No signif-
icant difference was found in terms of age and sex (p>0.05). 
Eight eyes (21.05%) in Groups 1 and 2 eyes (7.69%) in Group 
2 were pseudofakic. The mean time between the first symp-
tom to injection was 35.26±36.00 days in Group 1 and 
32.12±32.62 days in Group 2. The baseline and demographic 
characteristics of the two groups are summarized in Table 1.

Visual Outcomes
Table 2 and Figure 1 provides visual outcomes at baseline, 
month 3, 6, 9, and 12. The mean BCVA values did not differ 
between the groups at baseline or during the 3rd, 6th, 9th, and 
12th month (p>0.05). However, there was a significant differ-
ence within both groups (p=0.001) Intragroup comparison 
of significance was calculated by post hoc analysis conduct-
ed with a Bonferroni correction. The BCVAs at the 3rd, 6th, 

Table 1. Baseline and demographic characteristics of the two groups

  Group 1 (n=38) Group 2 (n=26) p

  (Superior temporal BRVO) (Inferior temporal BRVO)

Age (year±SD) 61.00±8.91 58.23±8.12 0.2921

Gender (%)

 Female 21 (63.6%) 12 (36.4%) 0.4772

 Male 17 (54.8%) 14 (45.2%)

Hypertension (%) 29/38 (76.3%) 20/26 (76.9%) 0.9552

Diabetes (%) 7/38 (18.4%) 5/26 (19.2%) 0.9352

Hyperlipidemia (%) 4/38 (10.5%) 5/26 (19.2%) 0.3252

Lens Status (%)

 Phakic 30 (55.6%) 24 (44.4%) 0.1482

 Pseudophakic 8 (80%) 2 (20%) 

Type of macular edema (%)

 Cystoid 20 (52.6%) 17 (65.4%) 0.3102

 Cystoid±serous retinal detachment 18 (47.4%) 9 (34.6%) 

Visual acuity at baseline (logMAR±sd) 0.77±0.47 0.75±0.45 0.9451

CMT at baseline (µm±sd) 522.92±136.01 524.08±145.51 0.7791

The time between the first symptom to injection (days±sd) 35.26±36.00 32.12±32.62 0.9671

Injection number 6.18±2.16 4.26±1.61 0.011

1Mann–Whitney U test. *P<0.05 BRVO: Branch retinal vein occlusion, 2Pearson Chi-square test. CMT: Central macular thickness.

Table 2. BCVA at each time point and their comparison between the groups

  Group 1 (n=38) Group 2 (n=26) 1p

  (Superior temporal) (Inferior temporal)

  Mean±SD Mean±SD

BCVA (logMAR)

 Baseline 0.77±0.47 0.75±0.45 0.945

 3rd month 0.37±0.20 0.37±0.18 0.895

 6th month 0.37±0.22 0.35±0.19 0.749

 9th month  0.38±0.24 0.32±0.17 0.331

 12th month 0.35±0.18 0.28±0.20 0.074

 2p 0.001* 0.001* 

1Mann–Whitney U test. 2Friedman test. *P<0.05 BCVA: Best-corrected visual acuity.
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9th, and 12th month were significantly better than the base-
line values after intravitreal ranibizumab injections in both 
groups (p<0.01 for all time points for both groups) (Table 2). 
Furthermore, the changes in BCVA relative to the baseline 
at the 3rd, 6th, 9th, and 12th month did not differ between the 
groups (p>0.05) (Table 3).

Anatomical Outcomes
CMT at each time point was shown in Figure 2. There was 
no statistically significant difference in CMT measurements 
between the groups at the baseline, 3rd, 6th, 9th, and 12th 
month (p>0.05). Intragroup comparison of significance was 
calculated by post hoc analysis conducted with a Bonferroni 
correction. There was a statistically significant improvement 
relative to the baseline values in both groups at baseline, 3rd, 
6th, 9th, and 12th month (p<0.01 for all time points for both 
groups) (Table 4). The improvement of CMT did not differ 
between the groups at any time points (p>0.05) (Table 3).

Number of Injections
The mean number of intravitreal injections was 6.18±2.16 
and 4.26±1.61 in Groups 1 and 2, respectively. A statisti-
cally significant difference was found between the groups 
(p=0.01) (Table 1). Furthermore, 42.30% of eyes with infe-

rior BRVO needed no more injections after the first three, 
whereas this percentage was only 25 % in eyes with supe-
rior BRVO.

Retinal Ischemia and Laser Photocoagulation
The mean ischemic area was 4.39±2.26 disc area in Group 1 

Table 4. CMT at each time point and their comparison between 
the groups

  Group 1 (n=38) Group 2 (n=26) 1P

  (Superior temporal) (Inferior temporal)

  Mean±SD Mean±SD

CMT (µm)

 Baseline 522.92±136.01 524.08±145.51 0.779

 3rd month 318.03±66.65 289.85±53.08 0.180

 6th month 287.53±48.27 268.96±31.57 0.084

 9th month 271.95±32.47 260.77±30.22 0.129

 12th month 280.47±91.66 244.04±44.78 0.094

 2P 0.001* 0.001* 

1Mann–Whitney U test, 2Friedman test. *p<0.05, CMT: Central macular 
thickness.

Figure 1. The mean Best-corrected visual acuity values at each time points.
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Figure 2. The mean Central macular thickness values at each time points.
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Table 3. Changes in mean BCVA and CMT from baseline values and their comparison between the groups

BCVA 3rd month 6th month 9th month 12th month

Group 1 (n=38) (Superior temporal) Mean±SD –0.39±0.39 –0.39±0.41 –0.39±0.37 –0.42±0.41

Group 2 (n=26) (Inferior temporal) Mean±SD –0.39±0.38 –0.40±0.39 –0.43±0.41 –0.48±0.42

P  0.793 0.869 0.799 0.563

CMT 3rd month 6th month 9th month 12th month

Group 1 (n=38) (Superior temporal) Mean±SD –204.89±110.67 –235.40±136.57 –250.97±132.94 –242.45±144.75

Group 2 (n=26) (Inferior temporal) Mean±SD –234.23±141.60 –255.12±148.10 –263.31±147.55 –280.04±150.74

P  0.477 0.672 0.897 0.315

Mann–Whitney U test P<0.05, BCVA: Best-corrected visual acuity, CMT: Central macular thickness.
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and 4.03±2.19 disc area in Group 2 and there was no statis-
tically significant difference between the groups (p=0.439). 
Thirteen eyes (34.2%) in Group 1 and 8 (30.8%) eyes in 
Group 2 received scatter laser photocoagulation for isch-
emic retinal areas (p=0.775).

Type of Macular Edema and Complications
There was no statistically significant difference between the 
groups according to the type of macular edema (Table 1).
No complications such as cataract formation, endophthal-
mitis, intraocular hemorrhage, retinal detachment related to 
intravitreal injection were noted.

Discussion
In the present study, we evaluated and compared the efficacy 
of intravitreal ranibizumab injections in the treatment of mac-
ular edema secondary to both superior and inferior BRVO. 
Ranibizumab was effective similarly in both groups. However, 
an increased number of injections were needed for the treat-
ment of macular edema with superior temporal BRVO.

The previous studies have investigated and demonstrated 
the effectiveness of intravitreal ranibizumab in the treatment 
of BRVO with macular edema [8-10]. In the BRAVO and HORI-
ZON studies, a PRN regimen was performed after six con-
secutive loading doses in the treatment of macular edema 
secondary to BRVO. BCVA increased and CMT decreased 
by the 12th month of treatment with a mean of 8.5 injections 
(10,11). In contrast, the mean injection numbers in real-life 
studies comprising the BRVO patients with macular edema 
varied from 2.1 to 5 injections during the 12 months of fol-
low-up (12-15). We found similar anatomical and function-
al improvements as previous studies in both groups over a 
1-year follow-up period. The mean number of injections in 
the superior temporal BRVO was 6.18±2.16 and 4.26±1.61 
in the inferior temporal BRVO, which were higher than the 
real-life studies. The exclusion of patients with irregular vis-
its may have brought our findings closer to the results of 
prospective, randomized, and controlled trials.

Different from the previous studies, we compared the 
treatment responses of superior and inferior BRVO. BCVA 
and CMT improvements were similar in both groups, but to 
achieve the same efficacy, the eyes with superior temporal 
BRVO received more intravitreal ranibizumab injections than 
the eyes with inferior temporal BRVO. Furthermore, 42.30% 
of eyes with inferior BRVO needed no more injections af-
ter the first three, whereas this percentage was only 25 % 
in eyes with superior BRVO. Age, pre-treatment duration, 
baseline CMT, retinal ischemia, and type of macular edema 
were found to be related to the number of injections in the 
previous studies (16-21). However, there were no significant 
differences between our groups in terms of these same vari-
ables. However, the anatomical and functional variations be-

tween the superior and inferior retina may have led to the 
difference in injection numbers.

It has been reported that there was an increased risk 
of developing macular edema in superior BRVOs. The ex-
act mechanism was unknown, but hydrostatic pressure was 
thought to be responsible for the leakage of fluid in the su-
perior retinal region into the macular zone (22).

Tomita et al. (23) investigated the difference in blood flow 
of the superior and inferior retina that may be involved in 
the development and progression of chorioretinal diseases. 
They evaluated retinal flow volume (RFV) using laser speckle 
flowgraphy and found that the total RFV, mean vessel diam-
eter, and the blood flow velocity were significantly higher in 
the superior retina.

There are some theories to explain the differences in 
blood flow of the superior and inferior retina. First, there 
may be functional differences between the two retinal re-
gions. Nagatomo et al. (24) demonstrated larger amplitudes 
of multifocal electroretinograms in the superior retina than 
in the inferior retina. Miyake et al. (25) found that the a-wave, 
b-wave amplitudes, and oscillatory potentials of focal elect-
roretinograms were larger in the upper macular area than in 
the lower macular area. Second, anatomical differences may 
contribute to the difference in blood flow between the supe-
rior and inferior retina. Curcio et al. (26,27) reported a higher 
number of retinal ganglion cells in the upper macular region 
than in the lower macular region. In addition, a larger amount 
of ganglion cells was found in the superior peripheral retina 
than in the inferior peripheral retina. These anatomical and 
functional differences may result in a difference in blood flow 
to the superior and inferior retinal regions. In healthy eyes, 
autoregulation of blood flow prevents leakage, as in patients 
with systemic hypertension. However, edema often develops 
when autoregulation is disrupted by retinal vascular diseases 
(28). Higher retinal blood flow volume in the superior retina 
may cause more extravasation of fluid to the macular area that 
results in a higher number of injections in superior temporal 
BRVO than in inferior temporal BRVO. Furthermore, gravity 
may also contribute to the extravasation of more fluid from 
the superior retinal veins into the macula.

The limitations of this study were its retrospective de-
sign, small sample size, and the lack of quantitative measure-
ments of collateral vessel density.

Conclusion

The efficacy of intravitreal ranibizumab in the treatment 
of macular edema secondary to both superior and inferior 
BRVO was similar. However, more frequent injections were 
needed in the superior temporal BRVO. The site of occlu-
sion may be a predictive factor for the potential need for 
intravitreal injections and provide information regarding the 
progression of the disease.
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