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ABSTRACT

Purpose: To investigate the effects of intravitreal ranibizumab and dexamethasone implant treatments on the retinal nerve fiber layer (RNFL) 
thickness in patients with branch retinal vein occlusion (BRVO).

Materials and Methods: Fifty-three patients with macular edema secondary to BRVO were enrolled in this retrospective study. These study-
group patients were divided into two groups. Group 1 consisted of 29 patients treated with intravitreal ranibizumab, and Group 2 consisted of 
24 patients treated with intravitreal dexamethasone implants. The control group was the 53 normal fellow eyes of these patients. Peripapillary 
RNFL thickness was evaluated by using optical coherence tomography at baseline and during 12 months after treatment in both groups. Also, 
the RNFL thickness of the affected area in eyes with BRVO was compared with those of the normal fellow eyes.

Results: The average, superior-temporal and inferior-temporal quadrant peripapillary RNFL thicknesses in eyes with BRVO were significantly 
decreased at 12 months after treatment in two groups. The RNFL thicknesses in the affected areas in Group 1 and Group 2 were significantly 
thinner than that of the control fellow eyes at 12 months (p=0.04 and p=0.02, respectively). Also, there was no significant difference in terms 
of RNFL thickness in the affected area between the groups at six and 12 months (p=0.808, p=0.356, respectively). 

Conclusion: Our study revealed that the average, superior-temporal and inferior-temporal RNFL thickness in the eyes of BRVO was reduced 
at 12 months. We suggest that RNFL thinning is due to the natural course of the disease in BRVO.
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Optical coherence tomography (OCT) is a reproducible 
and non-invasive technique for cross-sectional imaging 
of the retinal microstructure and has enabled high-
resolution quantification of the retinal nerve fiber layer 
(RNFL) thickness. OCT is widely used to evaluate of 
RNFL thickness for diagnosis and follow-up of glaucoma 
treatment. Many studies have reported the peripapillary 
RNFL thickness changes in eyes with BRVO after various 
treatment9-12. Among them, Kim et al. investigated the 
natural course of the RNFL thickness without treatment 
and reported that there is a significant decrease in RNFL 
thickness in BRVO over time and a significant thinning 
at 6 months compared with the normal fellow eye11. In 
addition, recent studies have shown structural peripapillary 

INTRODUCTION
Retinal occlusive disorders are second in prevalence among 
the retinal vascular diseases, after diabetic retinopathy1. 
The reported risk factors for retinal vein occlusion (RVO) 
include hypertension, arteriosclerosis, diabetes, insulin-
resistance, smoking, hyperlipidemia, inflammatory 
disease, and hypercoagulable states2,3. Macular edema 
(ME) is the most common cause of decreased visual acuity 
in BRVO patients.4 The standard of care for ME in BRVO 
has been grid laser photocoagulation1,5. Recently, however, 
intravitreal injections of anti-vascular endothelial growth 
factor (VEGF) and dexamethasone implants have shown 
promising results in the treatment of ME following BRVO6-

8. 

mailto:habasa@yahoo.com
https://orcid.org/0000-0003-2496-1781
https://orcid.org/0000-0002-3741-8860
https://orcid.org/0000-0002-2481-9892
https://orcid.org/0000-0002-4424-6964
https://orcid.org/0000-0002-1385-5679
https://orcid.org/0000-0003-0545-184X


266

RNFL changes in the fellow eyes of unilateral RVO 
patients13,14. VEGF is an important factor for neuronal cells 
as a growth factor, which is secreted by neuronal and glial 
cells. Intravitreal ranibizumab and dexamethasone implant 
may lead to neural damage by decreasing VEGF levels. 
However, there are no studies in the literature comparing 
the long term effects of ranibizumab and dexamethasone 
implant on RNFL thickness in the affected eyes of BRVO 
patients. Therefore, in this study, we investigated the 
RNFL thickness in affected eyes and fellow eyes of BRVO 
patients after ranibizumab injection and dexamethasone 
implant injection treatment.

METHODS

Study Population and Design 
This retrospective study was conducted in accordance with 
the principles of the Declaration of Helsinki and approved 
by the local ethics committee. All participants received 
both oral and written information about the study, and each 
participant provided written informed consent. It included 
a total of 53 eyes with treatment naive BRVO and 53 fellow 
eyes of these patients. The patients were divided into two 
groups: twenty-nine subjects in the ranibizumab injection 
group (Group 1) and 24 subjects in the dexamethasone 
implant injection group (Group 2).

Exclusion criteria 
The exclusion criteria were subjects with low vision 
(BCVA<10/200, Snellen acuity), high intraocular pressure 
(IOP) (≥ 22 mmHg); high cup-to-disc ratio (≥ 0.5), a 
history of glaucoma, uveitis, or other retinal diseases; 
refractive error exceeding ± 6 D, a history of intraocular 
surgery, such as cataract surgery or vitrectomy, a history 
of intraocular laser treatment, macular edema persisting 
for 12 months (central macular thickness ≥ 300 μm), 
and a history of cerebrovascular disease, ocular trauma, 
or any other condition that could affect RNFL. Subjects 
who displayed poor cooperation during scanning, which 
reduced the reliability of the examination, who had low 
signal strength on scanning, and who were lost to follow-
up were also excluded. One month after the last injection 
subjects who had central macular thickness ≥ 300 μm were 
also excluded. 

Examination Protocol and Study Measurements 
All participants in both groups underwent a complete 
examination that included a Snellen best-corrected visual 
acuity (BCVA) test, an IOP measured by Goldmann 
applanation tonometry, biomicroscopy, a dilated 
fundus examination, fundus photography, a fluorescein 

angiography (FA), and OCT measurements. For the OCT 
assessments, the fourth-generation Spectralis OCT device 
(Spectralis OCT, Heidelberg Engineering, Dossenheim, 
Germany) was used. OCT measurements were performed 
on both the fellow eyes and BRVO-affected eyes several 
times from the initial examination to the twelfth month and 
during the follow-up period. 

The eyes with BRVO underwent either intravitreal 
ranibizumab treatment or intravitreal dexamethasone 
implant treatment. If the central macular thickness was ≥ 
300 μm during the follow-up period, one more intravitreal 
injection was administered. Mean number of injections 
was 6.1 in ranibizumab group and 3.2 in dexamethasone 
implant group in the 12 months follow-up period. We used 
the contralateral eye in the BRVO patients as a control 
for the BRVO-affected eyes. The ocular exclusion criteria 
were the same for the control eyes as for those with BRVO. 
Only BCVA ≥ 20/20 (Snellen) was accepted.

OCT Measurements
RNFL thickness and macular thickness were measured by 
SD-OCT (Spectralis SD-OCT, Heidelberg Engineering, 
Heidelberg, Germany). Measurements were made by a 
well-trained technician who was not given information 
about the eyes.

Following pupil dilatation, the RNFL thickness 
measurements (diameter 3.5 mm, 768 A-scans) were 
obtained. The device’s eye tracking system compensated 
for eye movement. The auto re-scan function, which uses 
a reference point, was activated to minimize variation 
in allocating the acquisition protocols to the follow-up 
sessions. The RNFL thickness from the inner margin of 
the internal limiting membrane to the outer margin of the 
RNFL layer was automatically segmented using SD-OCT 
software (version 5.6.3.0, Heidelberg Engineering). Images 
with non-centered scans, inaccurate segmentation of the 
RNFL, or quality scores of ≤15 dB were excluded from the 
analysis. Peripapillary RNFL thickness and central macular 
thickness (CMT) were evaluated by using OCT at baseline 
and during 12 months after treatment. Also, peripapillary 
RNFL thickness measurements of the superotemporal (TS) 
area and inferotemporal (TI) area were analyzed in eyes 
with BRVO. If BRVO occurred in the superotemporal area, 
the RNFL thickness was measured in the superotemporal 
area of the control eyes. The RNFL thicknesses of the same 
sectors of both eyes were compared. 

Statistical Analyses
All statistical analyses were performed by using SPSS 
for Windows version 21.0 software (SPSS, Inc, Chicago, 
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IL, USA). Continuous variables were presented as mean 
± standard deviation. For each continuous variable, 
normality was checked by the Kolmogorov-Smirnov 
test. The chi-square test was used to evaluate qualitative 
variables. BCVA values were converted into the logarithms 
of the minimum angle of resolution (logMAR) to perform 
a statistical analysis. The change in parameters before 
and after the injection in the groups was analyzed with 
Paired-samples t test. Differences in measured parameters 
between the two groups were analyzed with independent 
samples t-test. P values of less than 0.05 was considered 
statistically significant.

RESULTS
The mean values of age, sex distribution, and the BRVO-
affected areas in Groups 1 and 2 are summarized in Table 
1. The mean ages of Groups 1 and 2 were 65.6±11.7 years 
and 63.4±9.5 years, respectively. There was no significant 
difference in terms of age, sex distribution, and the BRVO-
affected areas between the groups (Table 1). 

The mean BCVA, CMT and peripapillary RNFL thicknesses 
of the groups at baseline, six and 12 months after treatment 
are shown in Table 2. The average, superior-temporal and 
inferior-temporal quadrant peripapillary RNFL thicknesses 
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Table 1: Patient demographics and baseline characteristics.
Group 1 Group 2 P

Number of eyes 29 24

Male/Female 15/14 12/12 0.797
Age (years) 65.6±11.7 63.4±9.5 0.451

Affected area TS/TI 18/11 14/10 0.660
Group 1: ranibizumab injection group, Group 2: dexamethasone intravitreal implant injection group, TS: superotemporal region, 
TI: inferotemporal region, Mean ± SD: Standard deviation

Table 2: The mean BCVA, CMT and peripapillary RNFL thicknesses of the groups at baseline and after treatment.

Group 1 Group 2
Baseline 6 Months  p* 12 Months p** Baseline 6 Months p* 12 Months p**

BCVA 
(logMAR) 0.76±0.21 0.24±0.18 <0.001 0.23±0.19 0.352 0.78±0.22 0.24±0.15 <0.001 0.26±0.17 0.219

CMT 641.2±198.7 263.1±54.9 <0.001 247.5±49.2 0.112 652±201.3 258.7±48.6 <0.001 239.1±46.2 0.215
Eyes with 

BRVO
Average 125.4±32.8 108.3±19.6 0.03 99.7±16.3 0.041 129.1±29.6 107.5±20.6 0.02 100.1±19.3 0.05

TS - 112.3±25.9 - 102.2±21.4 0.03 - 115.7±23.1 - 102.6±24.7 0.04
NS 101.5±28.4 99.6±23.9 0.101 97.1±22.3 0.221 105.7±26.5 98.3±20.6 0.09 96.8±22.4 0.07
TI - 110.6±35.5 - 100.7±31.7 0.02 - 113.5±32.9 - 101.4±30.6 0.03
NI 115.6±29.3 113.4±26.4 0.09 112.8±30.4 0.235 118.9±27.4 115.4±29.5 0.09 113.4±25.7 0.102
T 118.5±31.7 108.4±27.6 0.05 106.6±26.5 0.07 115.9±30.5 106.1±25.4 0.04 103.5±24.7 0.08
N 89.4±19.8 85.6±17.6 0.06 84.9±18.7 0.09 83.9±26.4 82.9±18.4 0.115 82.5±18.3 0.243

Fellow eyes
Average 107.1±21.6 106.6±23.8 0.108 105.5±24.3 0.102 108.5±25.7 106.2±23.9 0.09 103.4±24.7 0.09

TS 120.6±33.7 119.2±35.4 0.865 120.1±32.4 0.412 128.5±31.4 128.3±34.6 0.321 127.8±30.7 0.352
NS 96.1±21.6 95.4±22.4 0.314 95.6±20.9 0.363 94.5±25.4 95.2±23.6 0.471 94.7±22.3 0.368
TI 123.5±33.4 121.7±30.7 0.102 117.3±32.6 0.06 129.3±30.9 130.4±31.6 0.832 126.8±32.4 0.07
NI 112.5±24.6 111.9±23.1 0.705 110.6±25.4 0.671 115.4±25.4 114.1±23.9 0.506 113.5±24.6 0.349
T 109±28.3 107.6±29.2 0.234 107.5±26.7 0.482 110.3±31.4 110.4±32.6 0.371 109.4±31.9 0.285
N 90.6±16.4 89.2±17.3 0.501 87.6±19.4 0.214 83.9±15.7 84.1±19.6 0.614 82.7±16.2 0.296

Group 1: ranibizumab injection group, Group 2: dexamethasone intravitreal implant injection group, Mean ± SD: Standard deviation (µm) 
* Paired-samples t test, between the baseline and 6 months
** Paired-samples t test, between 6 month and 12 months



in eyes with BRVO were significantly decreased 12 
months after treatment compared to six months values in 
two groups. Also, the inferior-temporal quadrant RNFL 
thickness in fellow eyes was decreased 12 months after 
treatment compared to baseline in two groups, but not 
significant (Group 1 p=0.06, Group 2 p=0.07). 

A comparison of the affected area of RNFL thickness 
between the eyes with BRVO and the fellow eyes at 
baseline, six and 12 months after treatment is presented 
in Table 3. The RNFL thicknesses in the occluded areas 
before treatment were not significantly different between 
Group 1 and Group 2 (171.4±81.8 μm and 170.2±56.5 
μm, respectively, p=0.970), but the thicknesses in both 
groups were significantly thicker than in the control fellow 
eyes (121.7±35.8 μm, p=0.009 and 128.8±27.8, p=0.006, 
respectively). The RNFL thickness in the affected areas at 
six months after treatment was significantly thinner than 
the baseline value in Group 1 (112.8±21.6 μm, p=0.001) 
and Group 2 (114.3±16.3 μm, p<0.001). However, the 
RNFL thicknesses in the affected areas in Group 1 and 
Group 2 were thinner than that of the control fellow eyes 
at six months, but not significant (p=0.218 and p=0.076, 
respectively). The RNFL thickness in the affected areas 
at 12 months after treatment was significantly thinner 
compared with six months after treatment values in Group 
1 (101.4±26.3 μm, p=0.023) and Group 2 (102.6±26.2 μm, 
p=0.03). The RNFL thicknesses in the affected areas in 
Group 1 and Group 2 were significantly thinner than that of 
the control fellow eyes at 12 months (p=0.04 and p=0.02, 
respectively). Also, there was no significant difference 
in terms of RNFL thickness in the affected area between 
the groups at six and 12 months (p=0.808, p=0.356, 
respectively). 

DISCUSSION 
This study showed that the RNFL thickness initially 
increased because of edema secondary to BRVO. However, 

subsequent RNFL thinning in the affected areas was 
observed 12 months after the intravitreal injections in both 
the ranibizumab and the dexamethasone implant groups. 
Also, there was no significant difference in terms of RNFL 
thickness in the affected area between the groups at six and 
12 months.

Lim et al. reported that the RNFL thickness was reduced in 
the affected areas in patients with BRVO during the two-
year follow-up period9. Also, they reported that the RNFL 
thickness in ischemic BRVO was significantly reduced 
compared to than that of the non-ischemic BRVO. If the 
RNFL thickness is less than 78.00 μm during the follow-up 
of BRVO patients, the presence of ischemic BRVO should 
be suspected.9 We did not include ischemic BRVO patients 
in this study to avoid the extra impact of the ischemic areas 
on RNFL thickness. There is inconsistency in the effects 
of repeated intravitreal injections and of IOP fluctuations 
on RNFL thickness9,15-17. Although the study of Hayreh et 
al. shows that all patients presented an IOP in the normal 
range, with no known glaucoma, the researchers reported 
that the IOP might increase in RVO patients17. Lim et al. 
reported that elevation in the IOP is not correlated with a 
RNFL defect in BRVO9. In addition, Shin et al. reported 
that IOP-related variables have no association with RNFL 
change in RVO patients10. Bulut et al. evaluated the 
peripapillary RNFL thicknesses of BRVO patients treated 
with intravitreal dexamethasone implant18. They observed 
IOP elevations within the first month after the injection and 
showed the average and inferior quadrant RNFL thinning 
six months after the injection. Another study was revealed 
that dexamethasone implant have no adverse effect on 
RNFL thickness in eyes with BRVO patients in a 6-month 
period19. In our study, none of the patients required anti-
glaucomatous medication after the injections, and no 
instance of sustained IOP increase or inflammatory reaction 
was observed. 
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Table 3: Comparison of retinal nerve fiber layer thickness measurements between the affected area and control area of 
fellow eye at baseline and after treatment.

Group 1 Group 2
Baseline 6 Months  p* 12 Months p** Baseline 6 Months p* 12 Months p**

Affected 
Area 171.4±81.8 112.8±21.6 0.001 101.4±26.3 0.023 170.2±56.5 114.3±16.3 <0.001 102.6±26.2 0.03

Control 
Area 121.7±35.8 121.1±34.9 0.951 119.5±32.9 0.326 128.8±27.8 129.3±28.8 0.721 127.8±24.9 0.215

p& 0.009 0.218 0.04 0.006 0.076 0.02
Group 1: ranibizumab injection group, Group 2: dexamethasone intravitreal implant injection group, Mean ± SD: Standard deviation (µm) 
* Paired-samples t test, between the baseline and 6 months
** Paired-samples t test, between 6 month and 12 months
& Independent samples t-test



Shin et al. reported that the RNFL thickness was reduced in 
RVO patients who were followed up for at least 12 months, 
in both those treated with bevacizumab injection and those 
without injection10. Also, they reported that a decreased 
RNFL thickness in the injection group was not statistically 
different from that in the non-injection group. They 
suggested that the frequency of the injections and the IOP-
related variables had no association with RNFL change. 
Therefore, the decrease in the RNFL thickness in RVO 
patients is attributed to the inner retinal ischemia itself, not 
anti-VEGF therapy10. Kim et al. reported that there was a 
significant decrease in RNFL thickness in the BRVO eyes 
over time. There was also a significant thinning of the 
RNFL in the BRVO eyes without treatment compared to 
the unchanged RNFL thickness in the normal eyes at six 
months.11 They suggested that the reduction in the RNFL 
thickness should be considered part of the natural course 
of the disease in BRVO. Recent a study was described 
neuroretinal atrophy following the resolution of macular 

edema in patients treated with ranibizumab in RVO.20 They 
suggested that the neuroretinal atrophy may be caused by 
the retinal hypoxia due to vascular damage resulting from 
the occlusion. In this study, we found that the reduction in 
affected areas of RNFL thickness in the eyes of the BRVO 
in the treatment groups was not significantly different from 
the unchanged thickness in the fellow eyes in the control 
group at six months (p=0.218 and p=0.076, respectively). 
However, we observed that RNFL thicknesses in the 
affected areas in both groups were significantly thinner 
than that of the control fellow eyes at 12 months (p=0.04 
and p=0.02, respectively).We postulate that ranibizumab 
and dexamethasone implant treatments may decelerate 
the RNFL thinning, which is part of the natural course of 
the disease in BRVO. We also predict a significant RNFL 
thinning over time.

In the RAVE study, Brown et al. reported that the risk 
of neovascular complications in eyes with severe central 
retinal vein occlusion was not ameliorated by vascular 
endothelial growth factor blockade, but was merely 
delayed22. Haller et al. reported that dexamethasone implant 
treatment might have an impact on the development of 
ischemia and the disease progression23. The VEGF play an 
important role in the trophic maintenance of neural cells 
as a neuroprotective growth factor. Therefore, inhibition 
of VEGF may lead to neurodegeneration. Nishijima et 
al. revealed that inhibition of VEGF may exacerbate 
ischemia induced neural damage24. Considering that 
intravitreal ranibizumab and dexamethasone implant is 
frequently used in RVO, blockage of VEGF may lead to 
neurodegeneration. In this study, in accordance with the 
literature, the average, superior-temporal and inferior-
temporal quadrant peripapillary RNFL thicknesses in 
eyes with BRVO were significantly decreased 12 months 
after treatment compared to six months values in two 
groups. However, there was no significant difference in 
terms of RNFL thickness in the affected area between the 
ranibizumab and dexamethasone injections groups at six 
and 12 months (p=0.808, p=0.356, respectively). 

Several recent studies have shown structural peripapillary 
RNFL changes in the fellow eyes of unilateral RVO 
patients13,14,25. Also, OCTA studies revealed peripapillary 
microvascular dysfunction in the fellow eyes of patients 
with unilateral RVO14. In our study, the inferior-temporal 
quadrant RNFL thickness in fellow eyes was decreased 
12 months after treatment compared to baseline in two 
groups, but not significant. 

Our study had several limitations. First, this study 
was conducted with a small number of cases and has a 
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retrospective design. Second, this study did not include 
healthy control group. 

In conclusion, ranibizumab and dexamethasone implant 
injections do not lead to a significant change in RNFL 
thickness in BRVO at six months. The average, superior-
temporal and inferior-temporal quadrant peripapillary 
RNFL thicknesses in eyes with BRVO were significantly 
decreased 12 months after treatment compared to six 
months values, which is part of the natural course of the 
disease in BRVO.
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