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alence of 5.20 per 1,000: 4.42 per 1,000 and 0.80 per 1,000 
for branch RVO (BRVO) and central RVO (CRVO), respectively. 
It is estimated that 16.4 million adults are affected by RVO 
worldwide, corresponding to 13.9 million with BRVO and 2.5 
million with CRVO (1).

The classification of RVO into BRVO and CRVO is 
based on the anatomical site of the vascular occlusion. 
Although the pathogenesis of RVO is not yet fully under-
stood, an increased secretion of the vascular endothelial 
growth factor (VEGF) is observed, and therefore the use 
of anti-VEGF agents by intravitreal injections has become  
common (2).

Many treatment regimens have been suggested with 
anti-VEGF agents, such as monthly injections or injections 
pro re nata (PRN), but the ideal regimen has not been de-
fined (2) and management in the long-term of RVO-related 
complications and visual loss has not been established (1).
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Introduction

Retinal vein occlusions (RVO) are the second most fre-
quent retinal vasculopathy after diabetic retinopathy. Retinal 
vein occlusions have a global age- and sex-standardized prev-
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Among other therapeutic indications, ranibizumab and 
aflibercept are approved by the Food and Drug Administra-
tion and European Medicines Agency for the treatment of 
visual impairment due to macular edema secondary to BRVO 
or CRVO (2-4), while bevacizumab is used off-label worldwide 
(2, 5, 6) if ranibizumab or aflibercept are unavailable or due 
to economic considerations (6).

It is of the utmost importance to understand how pa-
tients with RVO are being treated in a real-world setting, 
outside clinical trials, in order to identify measures that can 
be implemented to improve the visual outcomes of these 
patients.

The aim of this study was to characterize, in a real-world 
setting, patients with RVO treated with anti-VEGF in Portugal, 
and evaluate the respective functional and anatomical out-
comes.

Methods

Study design

This retrospective, observational, multicenter study in-
cluded 8 centers across Portugal.

Participants and inclusion and exclusion criteria

Files from patients with RVO were retrospectively re-
viewed between January and December 2015. Inclusion cri-
teria were age 18 years or older, diagnosis of CRVO or BRVO 
with central macular edema, anti-VEGF as primary treatment 
(ranibizumab or bevacizumab), and follow-up of at least  
12 months. Exclusion criteria included macular edema sec-
ondary to causes other than RVO (e.g., age-related macular 
degeneration, diabetic retinopathy, central serous retinopa-
thy, uveitis), previous macular laser photocoagulation, previ-
ous anti-VEGF treatment due to conditions other than RVO, 
previous intravitreal or sub-Tenon corticosteroid injection, 
and history of vitreoretinal surgery.

This study was conducted according to the tenets of the 
Declaration of Helsinki. All participants provided written in-
formed consent.

Data collection

Data were collected at 3 time points: at the time of di-
agnosis (0 time point) and 6 and 12 months after initiating 
treatment.

Clinical and demographic data collected included age, sex, 
type of RVO (CRVO or BRVO), comorbidities, best-corrected 
visual acuity (BCVA), central macular thickness (CMT), and 
phakic status. Treatment data included number of injections, 
type of anti-VEGF used, time to treatment, and adjuvant laser 
or corticosteroid therapy.

Statistical analysis

After assessing the normality of all variables using the 
Kolmogorov-Smirnov test, nonparametric statistics methods 
were used. For statistical purposes, Snellen fractions were 
converted to the logarithm of the minimum angle of reso-

lution (logMAR) by a standard conversion method (7). Data 
were analyzed considering all patients and 6 subgroups: 
CRVO or BRVO, ranibizumab or bevacizumab treatment, 
and good or poor baseline visual acuity, defined as logMAR 
≤0.30 and logMAR ≥1.00, respectively. Between-group anal-
ysis was performed using the Mann-Whitney U test or the 
χ2test, respectively, for continuous and discrete variables. 
Within-group analysis was performed using the Friedman or 
Wilcoxon test, as appropriate. Exploratory univariate analy-
ses were performed, followed by multivariate regression 
analyses to determine predictors of BCVA and CMT at 6 and 
12 months, depending on the 6 studied subgroups. The vari-
ables selected for the multivariate analyses were those found 
to be statistically significant from the univariate analyses as 
well as clinically relevant. The Bonferroni correction was ap-
plied to both univariate and multivariate analyses as needed. 
Tests were considered significant at α = 0.05 significance level  
(2-sided).

Results

A total of 200 eyes from 200 patients with central macular 
edema secondary to RVO were included in this study. There 
were 124 eyes with BRVO and 76 eyes with CRVO.

Study population and baseline values

Baseline demographics and clinical characteristics ac-
cording to type of RVO and for the total population sample 
are shown in Table I. There were no significant differences 
between the studied variables when comparing patients 
with BRVO or CRVO, except for CMT, which was higher for 
patients with CRVO (p<0.001). There were no differences 
between groups concerning baseline BCVA or age.

Best-corrected visual acuity and CMT over the 12-month 
study period according to type of RVO

Analysis of the 3 time points—baseline, 6 months, and 12 
months—showed that the median BCVA improved in both 
the BRVO and CRVO groups at 6 and 12 months compared to 
baseline (p<0.01), from 0.70 to 0.43 and 0.44 and from 0.80 
to 0.70 and 0.70, respectively. No differences were found be-
tween 6 and 12 months of follow-up. Between-group analy-
sis showed that, at both 6 and 12 months, median BCVA was 
better in the BRVO group (p<0.005). Median CMT decreased 
in both the BRVO and CRVO groups at 6 and 12 months com-
pared to baseline, but only the CRVO group showed a sta-
tistically significant decrease, also between 6 and 12 months 
(p<0.001 and p = 0.002, respectively). Between-group analy-
sis revealed that, at both baseline and 6 months, median CMT 
was lower in the BRVO group (p<0.005), with no differences 
at 12 months (Tab. II).

Best-corrected visual acuity and CMT over the 12-month 
study period according to treatment

Analysis of the 3 time points—baseline, 6 months, and 12 
months—showed that the median BCVA improved in both 
the ranibizumab and bevacizumab groups at 6 and 12 months 
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compared to baseline (p<0.001), from 0.70 to 0.50 and 0.50 
and from 0.80 to 0.60 and 0.55, respectively, with no differ-
ence between 6 and 12 months. There were no significant dif-
ferences between groups in the BCVA parameter at both 6 and 
12 months. Median CMT decreased in both the ranibizumab 
and bevacizumab groups at 6 and 12 months compared to 
baseline, but only the ranibizumab group showed a statistically 
significant decrease, also between 6 and 12 months (p<0.001 
and p<0.001, respectively). Between-group analysis revealed 
that, at both 6 and 12 months, median CMT was lower in the 
ranibizumab group (p<0.02) (Tab. III). Also, more patients in the 
bevacizumab group underwent rescue grid laser photocoagu-
lation during follow-up (66.3% vs 29.9%, p<0.001).

Best-corrected visual acuity and CMT over the 12-month 
study period according to BCVA at baseline

Median CMT improved in both groups at 6 and 12 months 
compared to baseline (p<0.001), with a further decrease 
between 6 and 12 months for the group with poor vision 
at baseline (p = 0.012). Median BCVA only improved in the 
poor vision group at 6 and 12 months compared to baseline 
(p<0.001), with no difference between 6 and 12 months, 
from 1.30 to 0.90 and 0.89, respectively (Tab. IV). Concerning 
baseline characteristics, the group with good visual acuity at 
baseline was younger compared to the group with poor visual 
acuity, with a median (minimum-maximum) age of 63.0 (33.0-

TABLE I - Baseline demographics and clinical characteristics according to type of retinal vein occlusion and for the total population sample

Parameter BRVO CRVO Total

No. (%) 124 (62.0) 76 (38.0) 200 (100.0)

Age, y, median (min-max) 70.0 (33.0-91.0) 69.5 (33.0-87.0) 70.0 (33.0-91.0)

Female, % 56.5 40.8 50.5

Ranibizumab, n (%) 65 (52.4) 42 (55.3) 107 (53.3)

BCVA, logMAR, median (min-max) 0.70 (0.00-2.10) 0.80 (0.10-3.00) 0.70 (0.00-3.00)

CMT, µm, median (min-max) 535.0a (291.0-981.0) 693.5a (292.0-1430.0) 599.0 (291.0-1430.0)

LogMAR ≤0.30, % 20.2 11.8 17.0

LogMAR ≥1.00, % 37.9 42.1 39.5

Cardiovascular comorbidities, %b 9.2 23.6 14.1

Glaucoma 4.9 4.1 4.6

Pseudophakic, % 13.9 12.0 13.2

a p<0.001.
b Hypertension + type 2 diabetes mellitus.
BCVA = best-corrected visual acuity; BRVO = branch retinal vein occlusion; CMT = central macular thickness; CRVO = central retinal vein occlusion; logMAR ≤0.30 = 
good vision at baseline; logMAR ≥1.00 = poor vision at baseline.

TABLE II - �Best-corrected visual acuity (BCVA) and central macu-
lar thickness (CMT) in patients with branch retinal vein 
occlusion (BRVO) and patients with central retinal vein 
occlusion (CRVO)

Parameter Baseline 6 months 12 months

BCVA, logMARa

  BRVO 0.70 (0.60) 0.43 (0.45)b 0.44 (0.50)b

  CRVO 0.80 (0.80) 0.70 (0.79)b 0.70 (0.90)b

CMT, µmc

  BRVO 535.0 (257.0)b 333.0 (145.0)b 309.0 (148.0)
  CRVO 693.5 (289.0)b 404.0 (378.0)b,d 303.0 (221.0)d

a p<0.01 Within groups, for differences between baseline and 6 months and 
baseline and 12 months.
b p<0.005 Between groups.
c p<0.001 Within groups, for differences between baseline and 6 months and 
baseline and 12 months.
d p = 0.002.
All values presented as median (interquartile range).

TABLE III - �Best-corrected visual acuity (BCVA) and central macular 
thickness (CMT) over the 12-month study period accord-
ing to treatment

Parameter Baseline 6 months 12 months

Ranibizumaba,b

  BCVA, logMAR 0.70  
(0.00-1.70)

0.50 (-0.10  
to 1.68)

0.50  
(0.00-1.66)

  CMT, µm 555.0  
(291.0-1,430.0)

329.0c  
(129.0-1,161.0)

281.0c  
(143.0-1,489.0)

Bevacizumaba

  BCVA, logMAR 0.80  
(0.10-3.00)

0.60  
(0.00-3.00)

0.55  
(0.00-3.00)

  CMT, µm 611.0  
(292.0-1,306.0)

361.0c  
(194.0-1,130.0)

341.5c  
(164.0-1,308.0)

a p<0.001 Within groups, for differences between baseline and 6 months and 
baseline and 12 months for both BCVA and CMT.
b p = 0.001 Within group, for CMT difference between 6 and 12 months.
c p<0.02 Between groups.
All values presented as median (minimum-maximum).
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86.0) vs 70.0 (45.0-90.0) years (p = 0.016). More patients in 
the poor vision group underwent rescue grid laser photoco-
agulation during follow-up (54.4% vs 32.4%, p = 0.040).

Number of injections during the 12-month study period

The median number of injections was the same for the 
BRVO and the CRVO groups, both during the first 6 months 
(median of 3 injections) and from 6 to 12 months (median of 1 
injection). The median (minimum-maximum) total number of 
injections for the BRVO group was 4 (1-11) and for the CRVO 
group 4 (1-12), which was not statistically different. The medi-
an (minimum-maximum) number of injections during the first 
6 months, from 6 to 12 months, and total number of injections 
was 3 (0-6), 1 (0-5), and 4 (1-10) in the ranibizumab group and 
3 (0-7), 1 (0-4), and 4 (1-10) in the bevacizumab group (p>0.05). 

No significant differences were seen between the groups with 
good and poor vision at baseline, with the median (minimum-
maximum) number of injections during the first 6 months, 
from 6 to 12 months, and total number of injections being  
2.5 (0-6), 1 (0-5), and 3.5 (1-11) for the good vision group and 3 
(0-7), 1 (0-4), and 4 (1-10) for the poor vision group.

Regression analyses

Significant results from the univariate and multivariate 
regression analyses to determine predictors of BCVA and 
CMT at 6 and 12 months, depending on 5 of the 6 studied 
subgroups, are presented in Table V. There were no identified 
predictors for the group with poor baseline vision. A worse 
BCVA at baseline was a predictor of a worse BCVA at 6 and 
12 months for all groups (p<0.001), except for the group with 

TABLE IV - �Best-corrected visual acuity (BCVA) and central macular thickness (CMT) over the 12-month study period according to BCVA at 
baseline

Parameter Baseline 6 months 12 months

LogMAR ≤0.30
  BCVA, logMAR 0.30a (0.00-0.30) 0.20a (-0.10 to 0.70) 0.14a (0.00-1.50)
  CMT, µmb 449.5a (306.0-795.0) 346.0 (197.0-644.0) 321.5 (210.0-798.0)

LogMAR ≥1.00
  BCVA, logMARb 1.30a (1.00-3.00) 0.90a (0.10-3.00) 0.89a (0.14-3.00)
  CMT, µmc 700.0a (325.0-1,430.0) 326.0 (129.0-1,161.0) 282.5 (143.0-1,489.0)

a p<0.001 Between groups.
b p<0.001 Within group, for differences between baseline and 6 months and baseline and 12 months.
c p<0.001 Within group, for difference between baseline and 6 and 12 months, with p = 0.012 for difference between 6 and 12 months.
LogMAR ≤0.30 = good vision at baseline; logMAR ≥1.00 = poor vision at baseline.
All values presented as median (minimum-maximum).

TABLE V - �Predictors of best-corrected visual acuity (BCVA) and central macular thickness at 6 and 12 months, depending on the 6 studied 
subgroups

Subgroup/ 
predictor(s)

BCVA (logMAR) 6 months BCVA (logMAR) 12 months CMT (µm) 6 months CMT (µm) 12 months

B 95% CI p B 95% CI p B 95% CI p B 95% CI p

CRVO
  BCVA baseline 0.65 0.49-0.82 <0.001 0.70 0.51-0.89 <0.001
BRVO
  BCVA baseline 0.69 0.58-0.79 <0.001 0.60 0.45-0.74 <0.001
 � No. injections  

first 6 months
-0.39 -0.60 to -0.17 <0.001

  Age 0.01 0.01-0.02 <0.001
Ranibizumab
  BCVA baseline 0.57 0.43-0.72 <0.001 0.46 0.29-0.62 <0.001
  Age 0.01 0.00-0.01 0.002 0.01 0.01-0.02 <0.001
Bevacizumab
  BCVA baseline 0.70 0.55-0.84 <0.001 0.76 0.62-0.91 <0.001
  Age 0.10 0.00-0.02 0.017
LogMAR ≤0.30
  TDT, mo 0.02 0.00-0.03 0.015 0.05 0.03-0.08 <0.001 14.07 4.79-23.36 0.004 12.76 1.13-24.39 0.033

95% CI = 95% confidence interval for B; B = unstandardized coefficient; BRVO = branch retinal vein occlusion; CRVO = central retinal vein occlusion; logMAR ≤0.30 =  
good vision at baseline; logMAR ≥1.00 = poor vision at baseline; TDT = time from diagnosis to treatment.
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good vision at baseline. For this group, only a shorter time 
from diagnosis to treatment was a predictor of better BCVA 
and CMT, both at 6 and 12 months (p = 0.015 and p = 0.004 
at 6 months, p<0.001 and p = 0.033 at 12 months). Older age 
was a predictor of a worse BCVA at 12 months in the BRVO 
and bevacizumab groups (p<0.001 and p = 0.017, respec-
tively), while in the ranibizumab group it was a predictor of 
worse BCVA at both 6 and 12 months (p = 0.002 and p<0.001, 
respectively). Only in the BRVO group was a lower number of 
injections during the first 6 months of treatment a predictor 
of worse BCVA at 6 months (p<0.001).

Discussion

Our results showed that, regardless of treatment or base-
line visual acuity, median BCVA and CMT improved in both 
the BRVO and CRVO groups at 6 and 12 months compared to 
baseline. However, while there was no difference in BCVA be-
tween 6 and 12 months, the CRVO group continued to show 
a statistically significant decrease in CMT in this period. Since 
this CMT reduction was not accompanied by a BCVA change, 
we may speculate that the structural result better reflected 
the effect of treatment than the functional result. Brynskov 
et al (8) reported that, in CRVO, the functional outcome did 
not mirror the anatomical outcome, and Pielen et al, in the 
Ranibizumab for Branch Retinal Vein Occlusion Associated 
Macular Edema Study (RABAMES) (9), showed that, in BRVO, 
central retinal thickness increased slowly after stopping injec-
tions, whereas improvement in visual acuity was sustained, 
indicating that morphologic changes occur prior to functional 
impairment (9). In our CRVO population, functional and struc-
tural improvement occurred simultaneously until 6 months 
of follow-up, but after this period only morphologic improve-
ment continued to occur. This may be explained by the dura-
tion of the edema and subsequent photoreceptor damage, 
which could limit complete visual acuity recovery.

When comparing the CRVO group with the BRVO group, 
median BCVA was better in the BRVO group both at 6 and  
12 months, and median CMT was lower at both baseline and 
6 months in the same group. Our study population received a 
median of 3 injections in the first 6 months (bevacizumab or 
ranibizumab) and 1 injection between 6 and 12 months in both 
groups.

When comparing bevacizumab vs ranibizumab, our re-
sults showed that, although they were both effective in re-
ducing BCVA and CMT in the first 6 months, only ranibizumab 
further reduced CMT between months 6 and 12. Moreover, 
CMT was lower in the ranibizumab group when compared to 
the bevacizumab group, both at 6 and 12 months, with no 
differences in BCVA between groups. The median number of 
injections was similar between the ranibizumab and beva-
cizumab groups, with 3 injections during the first 6 months 
and 1 injection from 6 to 12 months. Our results are in line 
with other real-world studies, which have shown that, in 
patients with RVO, and as early as at 2 weeks postinjection, 
CMT reduction is higher with ranibizumab compared to beva-
cizumab (10). Two prospective trials comparing bevacizumab 
and ranibizumab in the treatment of RVO (11) or BRVO (12) 
concluded that both agents had similar effects in reducing 
macular thickness and improving visual acuity at 6 months 

(11), even using a PRN regimen, with a mean number of injec-
tions of bevacizumab and ranibizumab of 3.2 and 3.0, respec-
tively (12). Therefore, both bevacizumab and ranibizumab are 
effective, even with real-world treatment regimens using a 
lower number of injections than recommended.

Our results also showed that more patients in the bevaci-
zumab group underwent rescue grid laser photocoagulation 
during follow-up (66.3% vs 29.9%, p<0.001). Other studies re-
ported rescue grid laser treatment of 51% (13) and 42% (14) 
for BRVO and 16.5% (14) for CRVO after bevacizumab thera-
py, but there are no studies directly comparing bevacizumab 
with ranibizumab. In our population sample, ranibizumab 
seemed to prevent the need for rescue laser treatment 
more efficiently than bevacizumab, but this result has to be  
confirmed.

One study reported that, in patients with BRVO treated 
with ranibizumab, patients with worse baseline visual acuity 
showed greater visual benefit from treatment (15). Our re-
sults are in accordance with this study, since only the group 
with poor vision at baseline had further decreased CMT be-
tween 6 and 12 months and improved median BCVA at 6 
and 12 months compared to baseline. This may reflect the 
worse condition of these patients, which, unlike the good 
vision group, could still improve, as was the case with the 
CRVO group. These results support our previous sugges-
tion that the structural result better reflects the effect of 
treatment than the functional result. The group with poor 
visual acuity at baseline was older and more patients in this 
group underwent rescue grid laser photocoagulation during  
follow-up.

We did not identify any predictors of the studied out-
comes for the group with poor baseline vision. We may spec-
ulate that these patients had such a serious condition that all 
efforts to improve their status are independent of the predic-
tor variables identified for the other groups. For the other 5 
analyzed groups, a worse BCVA at baseline was a predictor 
of a worse BCVA at 6 and 12 months for all groups, except 
for the group with good baseline vision, probably because 
these patients had a smaller margin for improvement. Other 
studies have reported similar results (16-20). Older age was 
a predictor of worse BCVA in the BRVO, bevacizumab, and ra-
nibizumab groups, which is in agreement with other reports 
(8, 16-20). Only in the BRVO group was a lower number of 
injections during the first 6 months of treatment a predictor 
of worse BCVA at 6 months. This result suggests that these 
patients are being undertreated and could have improved 
outcomes with a more intensive approach during the first 
6 months of treatment. Several studies have reported early 
treatment as a predictor of better visual outcomes (17, 21-25)  
for both BRVO and CRVO. Our results show that a shorter 
time from diagnosis to treatment is only a predictor of better 
BCVA and CMT, both at 6 and 12 months, in the group with 
good vision at baseline. This suggests that the therapy should 
be administered as soon as possible after the diagnosis.

In summary, both treatments were effective, although 
less effective than results reported in clinical trials. Most pa-
tients were treated using a PRN regimen and experienced the 
constraints of the public health care system and overbooked 
agendas. It is thus not surprising that real-world patients are 
undertreated.
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