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Abstract
· AIM: To compare the efficacy of ranibizumab and
bevacizumab for macular edema due to retinal vein
occlusion (RVO).

·METHODS: A retrospective study was conducted at a
single academic institution. Eighty-one patients na觙ve to
anti -VEGF therapy with RVO and macular edema were
identified. Twenty -six eyes were treated with
ranibizumab, 33 eyes with bevacizumab, and 22 eyes with
bevacizumab then switched to ranibizumab (crossover).
The main outcome was change in visual acuity at 3
months, 6 months, and final visit.

·RESULTS: The mean visual acuity improved from 20/80
to 20/40 in the ranibizumab (R) group and from 20/125 to
20/60 in the bevacizumab (B) group ( =0.66). The mean
change in central subfield thickness (CST) was -186 and
212滋m, respectively ( =0.69). Mean time between
injections was 94依21.1d in the R group and 103.8依10.5d
in the B group ( =0.78). In the crossover group, mean
initial visual acuity was 20/125, reached 20/60 at
crossover, and remained 20/60 at conclusion ( =0.91).

·CONCLUSION: Both ranibizumab and bevacizumab are
effective for the treatment of RVO and appear to have
similar visual and anatomic outcomes. Changing
treatments from bevacizumab to ranibizumab did not
result in further gains in visual acuity.
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INTRODUCTION

R etinal vein occlusions (RVOs) are the second most
common form of retinal vascular disease with an

estimated 15-year cumulative incidence in adults of 2.3% [1].
Complications from RVOs resulting in vision loss include
macular edema, macular ischemia, and sequelae from
neovascularization. The Collaborative Branch Vein
Occlusion Study (BVOS) reported that grid argon laser
photocoagulation was useful in the treatment of macular
edema from branch RVO (BRVO), but the Central Vein
Occlusion Study (CVOS) did not show a similar benefit in
central RVO (CRVO) [2,3]. More recent studies employing
intravitreal injection of steroids have shown a benefit in
patients with CRVO as well as BRVO [4-6]. Steroid
formulations however have side effects such as elevated
intraocular pressure and cataract formation. Vascular
endothelial growth factor (VEGF) inhibitors have a more
favorable safety profile and have been widely used for the
treatment of age related macular degeneration. Several
studies have shown that they are also effective for treating
macular edema in RVOs. Ranibizumab was shown in several
randomized prospective trials to be effective and was the first
VEGF inhibitor to be FDA approved for use in RVOs [7-10].
Bevacizumab has also been shown to be effective in multiple
trials and is currently being used off-label [11-15]. Although the
recent Comparison of AMD Treatment Trials (CATT) study
directly compared the efficacy of ranibizumab with
bevacizumab for neovascular age-related macular
degeneration, similar comparative studies in the setting of
RVOs are lacking [16,17]. The aim of this retrospective study is
to compare the effectiveness of VEGF inhibitors in treating
RVOs at a single center.
SUBJECTS AND METHODS
The principles of the Declaration of Helsinki were followed
and Institutional Review Board approval was obtained from
the Cleveland Clinic for this retrospective, comparative
study. Patients were identified who received initial treatment
between March 2008 and January 2012 at the Cole Eye
Institute. Patients were included in the study if they met the
following inclusion criteria: concurrent diagnoses based on
ICD-9 codes of macular edema (362.53 or 362.83) and
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central/branch vein occlusion (362.35, 362.36, or 362.37)
and treatment with anti-VEGF therapy. Exclusion criteria
included duration of follow-up less than 120d ( =22),
unknown onset of symptoms ( =3), the presence of active
confounding retinal or ocular disease ( diabetic
retinopathy, exudative macular degeneration, pseudophakic
macular edema) ( =11), or prior vision loss not due to RVO
( trauma, keratoprosthesis and macular hole) ( =3).
Patients were also excluded if they switched between the use
of bevacizumab and ranibizumab more than once during
follow up ( =4) or if they had previously been treated with
anti-VEGF injections in the study eye ( =2) There were a
total of 126 eyes identified, of which 45 were excluded. The
81 remaining eyes were divided into three groups consisting
of patients who received ranibizumab for the treatment of
macular edema ( =26), bevacizumab ( =33), and a
crossover group that initially received bevacizumab and
then switched to ranibizumab ( =22). Treatment was
based on an as needed treatment protocol under the care of 7
retina specialists based on comprehensive ophthalmic
examination and optical coherence tomography (OCT).
Patients were followed at 4 to 6 week intervals and retreated
based on OCT findings of persistent or recurrent intraretinal
or subretinal fluid at the treating physician's discretion.
Clinical variables including Snellen visual acuity, intraocular
pressure, number of injections, and follow-up duration were
recorded and analyzed. Cirrus HD-OCT (Carl Zeiss Meditec)
parameters including central subfield thickness (CST) and
presence of cystoid macular edema and/or subretinal fluid,
measured from the 5 line raster scans, were recorded from
each visit when available. If OCT data was missing on the
final visit, the last observation carried forward method was
used Snellen visual acuity was converted to logMAR

equivalent to facilitate statistical comparisons . Student's
-test, ANOVA, or Chi-square/Fisher's exact test were used

where appropriate to compare visual acuity, OCT parameters,
and clinical variables between the treatment groups Standard
errors are reported using pooled estimates of error variance.
Post-hoc testing using the Tukey-Kramer HSD was applied
where multiple comparisons were made ; a significance
level of <0.05 was considered statistically significant.
RESULTS
Baseline Demographics and Clinical Characteristics
Patient baseline characteristics were relatively balanced
between all three treatment groups as shown in Table 1.
There was, however, a significant difference in follow-up
duration between the three groups ( =0.007, ANOVA).
Mean follow-up from initial treatment was 453d for the
ranibizumab group (R), 423d for the bevacizumab group (B),
and 638d for the crossover group (C). The R and B groups
had significantly shorter follow-up compared to the C group
( =0.04 and =0.007, respectively, Tukey HSD). There
was no difference in follow-up duration between the R and B
groups ( =0.89, Tukey HSD).
Comparison Between the Ranibizumab and
Bevacizumab Groups The mean baseline visual acuity was
20/80 or logMAR 0.63 in the R group and 20/125 or
logMAR 0.77 in the B group ( =0.51). Both groups showed
a significant mean change in logMAR vision of -0.35 ( <0.001,
paired -test) and -0.29( =0.008, paired test), corresponding
to an improvement of 3.5 and 2.9 lines in the R and B
groups, respectively The mean final visual acuity was
significantly improved to 20/40 or logMAR 0.28 in the R
group and 20/60 or logMAR 0.48 in the B group (Figure 1).
However, there was no significant difference in the change in

Table 1 Baseline variables 
Parameters Ranibizumab (n=26) Bevacizumab (n=33) Crossover (n=22) P 
Age (a) 63.7±2.9 69.8±2.2 68.8±2.7 0.19 
Time to treatment (d) 309.9±144.3 91.7±58.9 202.0±72.1 0.22 
logMAR acuity (Snellen equivalent) 0.63±0.09 (20/80) 0.77±0.08 (20/125) 0.76±0.10 (20/125) 0.51 
IOP (mmHg) 16.8±0.7 16.6±0.6 16.8±0.8 0.98 
Follow-up (d) 452.8±51.8 422.5±41.3 637.9±50.6 10.007 
Follow-up (range) 140–1036 126–896 272–1078  
Central subfield (µm) 480±34 (n=23) 524±33 (n=27) 500±40 (n=18) 0.66 
Cystoid macular edema 21/22 (95%) 25/27 (93%) 18/18 (100%) 0.50 
Subretinal fluid 9/22 (41%) 10/27 (37%) 9/18 (50%) 0.68 
CRVO 13/26 (50%) 13/33 (40%) 8/22 (36%) 0.60 
BRVO 12/26 (46%) 15/33 (45%) 12/22 (55%) 0.60 
HRVO 1/26 (4%) 5/33 (15%) 2/22 (9%) 0.60 
Diabetes 6/26 (23%) 12/33 (36%) 6/22 (30%) 0.52 
Hypertension 21/26 (81%) 27/33 (82%) 12/22 (60%) 0.05 
Glaucoma 5 /26 (19%) 11/33 (33%) 3/22 (15%) 0.20 

1Statistically significant. There was no difference between the ranibizumab and bevacizumab groups, however there was 
a difference between the crossover group and the single treatment groups. See text for posthoc Tukey HSD test results. 
CRVO: Central retinal vein occlusion; BRVO: Branch retinal vein occlusion; HRVO: Hemiretinal vein occlusion; IOP: 
Intraocular pressure. The mean±SE is shown. 

87



Figure 1 Visual acuity and macular thickness improves after treatment with bevacizumab or ranibizumab A: The mean logMAR
visual acuity decreases (improves) after treatment with bevacizumab or ranibizumab. There are no significant differences between the two
groups; B: The mean central subfield thickness measured on SD-OCT also decreases with treatment with no significant differences between
the two groups. Mean依SEM.

visual acuity between the R and B groups ( =0.66, Table 2).
The number of eyes gaining 逸3 lines or losing 逸3 lines
were similar between the two groups (Table 2). Greater than
3 lines of vision improvement was seen in 50% of the R
group and 48% of the B group ( =0.91). Reduction of 3
lines of vision was seen in 0% of the R group and in 6% of
the B group ( =0.20).
There was a significant improvement in central subfield
thickness on OCT in the R group (-186滋m, <0.001) and B
group (-212, =0.008), however there was no difference in
improvement between these groups ( =0.67) (Table 2). The
mean final CST improved to 303滋m in the R group ( =26)
and 314滋m in the B group ( =28) (Figure 1) There were no
significant differences in residual cystoid macular edema
(CME) (65% R 46% B, =0.16) or subretinal fluid
(SRF) (0% R 14% B, =0.14) between the two groups.
There were no significant differences between the injection
intervals between the R group with a mean of 94d compared
with 104d in the B group ( =0.78, Table 2). Table 2
summarizes the results of the R and B groups.
Crossover Group Patients in the crossover group were
initially treated with bevacizumab and then switched to
ranibizumab treatment. Patients initially received a mean of
5.7 bevacizumab injections over a mean duration of 302.5d,
followed by a mean of 6.5 ranibizumab injections over a
mean duration of 335.4d (Table 3). The mean difference in the

number of injections after crossover was 0.77依0.95 ( =0.42,
paired -test) which was not significantly different from
before crossover There was a mean interval of 51.9 依8.5d
between the end of bevacizumab therapy and the initiation of
ranibizumab. There was no significant difference between
injection intervals before and after crossover (Table 3).
Of the 22 eyes in this group, 9 eyes (41%) showed 逸3 lines
of visual improvement with bevacizumab before crossover,
while 4 eyes (18%) showed improvement after switching to
ranibizumab ( =0.10) Visual decrease 逸3 lines was noted
in 2 eyes (9%) before and after crossover treatment ( =1.00).
The mean baseline Snellen visual acuity was 20/125 After
initial treatment with bevacizumab, the mean visual acuity
significantly improved to 20/60, corresponding to a mean
logMAR change of -0.24 or -2.4 lines ( =0.01, paired -test)
Despite an improvement in vision, the mean change in CST
was only -7滋m ( =0.90, paired -test) In this cohort, the
baseline CME rate was 18/18 (100% ), which did not
significantly change at the crossover point where 20/21
(95%) still had CME The baseline SRF rate of 8/18 (44%)
decreased slightly to 7/21 (33%) at the crossover point. The
mean follow-up prior to crossover was 302.5d (Table 3).
After switching treatments to ranibizumab, the visual acuity
remained 20/60, corresponding to a mean logMAR change of
-0.02 or -0.2 lines ( =0.73, paired -test) and the mean
change in CST was -72滋m ( =0.16, paired -test)

Table 2 Comparison between ranibizumab and bevacizumab groups 
Parameters Ranibizumab (n=26) Bevacizumab (n=33) P 
Final logMAR (Snellen equivalent) 0.28±0.24 (20/40) 0.48±0.08 (20/60) 0.07 
logMAR change -0.35±0.08 -0.29±0.09 0.66 
Equivalent lines/ETDRS letters gained 3.5 lines/17.5 ETDRS letters 2.9 lines/14.5 ETDRS letters  
Eyes gaining >3 lines  13/26 (50%) 16/33 (48%) 0.91 
Eyes losing >3 lines 0/26 2/33 (6%) 0.20 
Central subfield (µm) change -186±38 (n=22) -212±40 (n=24) 0.69 
Residual intraretinal fluid 17/26 (65%) 13/28 (46%) 0.16 
Residual subretinal fluid 0/26 4/28 (14%) 10.14 
IOP (mmHg) change 0.94±0.96 -0.52±0.67 0.22 
Days between injections 94±21.1 103.8±10.5 0.78 

IOP: Intraocular pressure. 1Yate’s correction was used due to low expected frequencies. The mean±SE is shown. 
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Figure 2 Switching from bevacizumab to ranibizumab does not provide further improvements in visual acuity or macular
thickness A: The mean logMAR visual acuity decreases after treatment with bevacizumab up to the crossover point shown by the arrow.
After switching treatments to ranibizumab, no further change in logMAR visual acuity is seen; B: There is minimal change in central subfield
thickness after treatment with bevacizumab. After switching to ranibizumab, there is some decrease in macular thickness, but it does not reach
statistical significance. Mean依SEM.

Table 3 Comparison of crossover treatment from bevacizumab to ranibizumab 

Parameters Before crossover bevacizumab 
(n=22) 

After crossover ranibizumab 
(n=22) P 

Final logMAR (Snellen equivalent) 0.52±0.09 (20/60) 0.51±0.09 (20/60) 0.91 
logMAR change -0.24±0.07 -0.02±0.07 10.04 
Equivalent lines/ETDRS letters gained 2.4 lines/12 ETDRS letters 0.2 lines/1 ETDRS letter  
Eyes gaining >3 lines  9/22 (41%) 4/22 (18%) 0.10 
Eyes losing >3 lines 2/22 (9%) 2/22 (9%) 1.00 
Central subfield (µm) change -7±54 (n=17) -72±49 (n=21) 0.38 
Residual intraretinal fluid 20/21 (95%) 15/21 (71%) 10.04 
Residual subretinal fluid 7/21 (33%) 9/21 (43%) 0.53 
IOP (mmHg) change 0.82±0.92 -0.55±0.92 0.30 
Total injections 5.7±0.84 6.5±0.84 0.52 
Days to final follow-up2 302.5±41.9 335.4±41.9 0.58 
Days between injections 62.0±15.8 72.0±15.8 0.66 

1Statistically significant; 2Prior to crossover, defined as the visit when a change in treatment was initiated; IOP: Intraocular pressure. 

Interestingly, the final rate of CME was 15/21 (71%), which
is significantly lower ( =0.04) than before crossover (95%)
The final rate of SRF was 9/21 (43% ), which was not
significantly different from before crossover ( =0.53) The
mean follow-up after crossover treatment to ranibizumab was
335.4d. Table 3 summarizes the results of the crossover
group and Figure 2 shows the change in visual acuity and
CST before and after crossover.
DISCUSSION
Both intravitreal ranibizumab and bevacizumab are known to
be effective in reducing macular edema secondary to RVOs
More recently, aflibercept dosed monthly has also been
shown to be effective for CRVOs [18] In our retrospective
study, functional and anatomical outcomes were similar
without a statistically significant difference in visual acuity
improvement or macular thickness on OCT There was a
trend favoring ranibizumab at 6 months and also at the final
visit, however this did not reach statistical significance Both
groups showed similar improvements in CST, rate of CME,
and SRF (Table 2) Similar to CATT, there were no
significant differences in visual outcomes between the B and

R groups Unlike CATT however, the reduction in macular
thickness was similar between the two drugs, although the
incidence of any intraretinal fluid at the final visit was higher
in the R group compared to the B group[16,17].
The half-life of intravitreal bevacizumab is longer
than the half-life of ranibizumab, measured from several
animal models [19-21] In rabbits, the vitreous half-life of
bevacizumab was 4.32d and for ranibizumab, it was 2.88d[19]

In humans, the half-life of bevacizumab was 6.7d [22]. The
recommended dosing interval for ranibizumab for RVO is 4
weeks based on the BRAVO and CRUISE studies [7,8] The
ideal interval for bevacizumab is unknown Some clinicians
extend this interval for bevacizumab to 6 weeks based on its
longer measured half-life Several studies have demonstrated
that the VEGF load resulting from retinal vein occlusion is
higher than both proliferative diabetic retinopathy and
age-related macular degeneration [23,24]. It is possible this
higher VEGF load in retinal vein occlusion may uncover
differences of anti-VEGF medications that may not be
apparent in treatment of age-related macular degeneration or
diabetic retinopathy In our study, however, functional and
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anatomical outcomes were similar between the two treatment
groups
Changes in anti-VEGF injection frequency for RVO has not
been well studied. In one prospective study, it was
demonstrated that during OCT-guided per required need
(PRN) treatment, the mean time interval from previous
injection before recurrence of macular edema resulting from
RVO ranged from 1.2 to 2.4 months [25]. This correlates with
the average time period between injections in our study In
CATT, the differences in visual outcomes between a monthly
dosing regimen and a less frequent PRN regimen was
minimal (approximately half a line) and would not be
detected in our study due to a much smaller sample size[17]. In
our study, the time interval between injections depended on
physician preference Some patients were treated on a PRN
basis and some monthly.
Although switching to ranibizumab improved anatomic
results with decreased cystoid macular edema and a trend
towards decreased macular thickness, the functional change
was not significant There was no strict crossover algorithm
and some physicians might have switched based on patient
preference; but presumably these patients were not
responding well to bevacizumab, which likely portends a
worse clinical responsiveness to any VEGF inhibitor,
including ranibizumab
The strengths of this study include the strict adherence to
monotherapy in the ranibizumab and bevacizumab arms,
treatment na觙ve patients, the strict exclusion of concurrent
ocular disease, and the analysis of anatomic factors such as
CME and SRF on OCT. There was also good balance in the
baseline parameters between the three groups The
limitations of this study include a small sample size and its
retrospective nature. The small sample size precluded
meaningful analysis of patients separated by the type of RVO
(central branch). Other limitations include missing OCT
data from some of the visit dates, although OCT imaging was
standard of care during the enrollment period and missing
data was rare. When OCT data was missing from follow-up
examinations, the last visit carried forward method was used.
The retrospective nature of this study introduces several
biases particularly related to selection of ranibizumab
bevacizumab, as well as the reason for crossover. For
example patients who responded well to bevacizumab would
likely not have been switched to ranibizumab and would have
been excluded from that group. Physician selection and
treatment style also introduce bias particularly related to
frequency of injections.
Our study suggests that differences between bevacizumab
and ranibizumab for the treatment of macular edema in RVO
are small and that the efficacy of these two medications is
similar with regard to visual and anatomic outcomes. Larger,
prospective studies will be needed to validate these findings.
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