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Abstract

Central retinal vein occlusion (CRVO) is a
common retinal vascular disorder that can
result in severe visual acuity loss. The rando-
mized control study, CRUISE, helped establish
anti-VEGFs as the standard of care in cases
with CRVO. The extension studies for
CRUISE; HORIZON and RETAIN showed that
not all visual gains are maintained beyond
the first year. In addition, patients showed
different behavior patterns; with some patients
showing complete response with few recur-
rences, whereas others showed partial or
even no response with multiple recurrences.
Long-term follow-up demonstrated that
patients responding poorly to anti-VEGFs
tended to do so early in the course of treatment.
It also demonstrated the effectiveness of
a pro re nata (PRN) protocol for improving
vision and maintaining these gains over
long-term follow-ups. The SHORE study
further illustrated this point by demonstrat-
ing that there were minimal differences in
visual outcomes between patients receiving
monthly injections and patients being
treated PRN. In this review we analyzed
the data from the major randomized clinical
trials (RCT) that looked at anti-VEGFs as
the primary treatment modality in patients
with CRVO (CRUISE and the extension
studies HORIZON and RETAIN for ranibi-
zumab as well as GALILEO and COPERNI-
CUS for aflibercept). In addition, we looked
at SCORE and GENEVA to help determine
whether there is a place for steroids as
a first line therapy in current treatment
practice. We then explored alternative
treatment regimens such as laser therapy
and switching between anti-VEGF agents
and/or steroids for non or partially respond-
ing patients. Finally, we propose a simplified
modified treatment algorithm for patients
with CRVO for better long-term outcomes
in all types of responders.
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Introduction

Central retinal vein occlusion (CRVO) is an acute
retinal vascular condition that can severely affect
visual acuity.1 Previous studies estimated that
~ 2.5 million people worldwide are affected by
CRVO and about 13.9 million people are affected
by branch retinal vein occlusion (BRVO).2 Visual
loss after CRVO commonly occurs as a result of
macular edema, macular ischemia, or in more
advanced stages, vitreous hemorrhage, and
neovascularization.3

CRVOs have been traditionally classified
into ischemic and non-ischemic based on the
degree of capillary non-perfusion on fluorescein
angiography.4 The most commonly used criteria
for ischemic CRVO was determined by the
CVOS study group, which defined ischemic
CRVO as at least 10 disc areas of capillary
non-perfusion.5

Differentiating both subtypes is important
because it allows us to predict the natural
history for these patients and how they will
respond to therapy. The ischemic subtype of
CRVO accounts for about 20% of cases and
is associated with worse initial presenting
visual acuity (VA) and poor visual prognosis
even after edema resolution.6 A cohort study
showed that presenting VA in ischemic CRVO
patients was (6/30) or better in only 1% of
ischemic CRVO patients compared with 78%
of non-ischemic patients.6 Furthermore, final
VA after resolution was better than 6/30 in
only 12% of ischemic CRVO patients compared
with 83% in non-ischemic patients. Stratifying
patients early based on the perfusion state
and the initial presenting visual acuity is
useful in predicting outcomes.6,7
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Current treatment modalities

Anti-vascular endothelial growth factors
(anti-VEGF) background

Anti-VEGFs have become the standard of care for treating
CRVO. There are three major anti-VEGF medications that
are currently used for the treatment of macular edema
associated with CRVO. Ranibizumab (Lucentis, Genetech,
Inc., South San Francisco, CA, USA) is a 48-kDa
recombinant humanized immunoglobulin-G1 kappa
isotype antibody fragment that binds all isoforms of
VEGF-A.8 Bevacizumab (Avastin, Genentech, Inc.) is a
149-kDa full-length humanized monoclonal immuno-
globulin-G1 antibody that binds all isoforms of VEGF-A.9

Aflibercept (Eylea, Regeneron Pharmaceuticals, Inc.,
Tarrytown, NY, USA), previously known as VEGF Trap-
Eye, is a 115-kDa recombinant fusion protein consisting
of VEGF extracellular binding domains. In addition to its
competitive inhibition of VEGF, aflibercept also binds
placental growth factors 1 and 2. Aflibercept and
ranibizumab are currently approved by the Food and
Drug Administration (FDA) and has received marketing
authorization from the European Medicines Agency (EMA)
for macular edema (MO) associated with CRVO, whereas
bevacizumab is unlicensed for intraocular injections.10

What we learned from the major clinical trials

Ranibizumab

The first major randomized clinical trial (RCT) looking into
the effects of anti-VEGFs (and in particular ranibizumab)
was the CRUISE study.11 Table 1 summarizes the major
ranibizumab CRVO trial CRUISE and its extension
studies HORIZON and RETAIN. In brief patients were
randomized into three groups; 0.3 mg ranibizumab, 0.5 mg
ranibizumab, and sham/0.5mg ranibizumab. Patients
were given a loading dose of 6 monthly injections and
were then shifted to a PRN protocol. The study showed
that after 12 months of follow-up there was a significant
improvement in the VA in the ranibizumab-treated groups
with a mean increase of 13.9 letters in both the 0.3 mg and
the 0.5 mg dose compared with a mean of 7.3 letters in the
sham/0.5mg group. The visual gains achieved after the
first 6 monthly doses could be maintained during the
next 6 months using a pro re nata (PRN) protocol. The
study also showed that delaying treatment affected patients
adversely with the sham patients showing fewer gains
compared with the other two groups. However, it is worth
noting that these patients were being injected using a PRN
protocol and that the sham/0.5 mg group received a mean
of 3.7 injections during the observation period.
With regards to the adequate dose of ranibizumab, the

study showed that there was also no difference between

the 0.3-mg and the 0.5-mg doses. Also, in a recent study
(RELATE) a cohort of chronic CRVO patients were
injected with either a 0.5-mg dose and a 2.0-mg dose
of ranibizumab.12 The study showed that there was no
significant difference between both groups with regards
to visual outcome, although the 2.0-mg dose showed
significant improvement with regards to central foveal
thickness (CFT). Whether such an effect can be seen in
patients with acute CRVO has yet to be seen. It would
seem that patients with CRVO respond equally well to
the 0.3-mg, 0.5-mg, and the 2.0-mg doses of ranibizumab
and that, at least for cases of acute CRVO, there is a
limited role for increasing the dose of the injected drug.
In the CRUISE study it was noted that there was a

slight drop in VA after patients were shifted from a
monthly dosing regimen to a PRN dosing regimen.11

The authors raised the question whether patients could
have achieved higher visual gains had they continued on
a monthly dosing regimen for the first 12 months. This
question was answered partly in the SHORE study that
showed that after achieving visual and optical coherence
tomography (OCT) stability criteria, both the PRN and
monthly dosing regimens achieved similar results. However,
the study protocol required all patients to be injected with at
least 7 monthly loading doses, meaning that most patients
were probably overtreated before randomization.
Furthermore, 15% of patients never met stability criteria for
randomization and received monthly injections for the
duration of the study. It is unclear whether these results
could be replicated after a loading dose of 3 monthly
injections. With no major RCT comparing 6 monthly loading
doses with 3 monthly loading doses, there is no evidence to
advocate using the latter.
One of the main problems with CRUISE was the

highly selective cohort, which included non-ischemic
CRVO patients and the exclusion of patients with afferent
pupillary defects. In addition, the duration of CRVO in
this study was o3 months, which makes it difficult to
generalize these findings to patients with more chronic
RVO and patients with ischemic RVO who may not
respond to the same degree to anti-VEGF injections.
An extension study for CRUISE was the HORIZON

study which included 87% of patients who participated in
the CRUISE trial.13 Follow-ups were set every 3 months
and patients were injected if CFT was o250 μm or
there were signs of vision-threatening edema. Mean VA
dropped from 16.2 letters and 14.9 letters in the 0.3 mg
and the 0.5 mg doses to 12 letters and 8.2 letters,
respectively. The mean change in BCVA letter score at
12 months from HORIZON baseline was − 4.2, − 5.2,
and − 4.1 in the sham/0.5-mg, 0.3/0.5-mg, and 0.5-mg
treatment groups, respectively. At the end of the study
VA gains in the sham/0.5 mg group were very similar
to the 0.3 mg/0.5 mg group; however, this likely occurred
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because the 0.3/0.5 mg group had more loss in visual
acuity compared to the sham/0.5 mg group over that
period. Patients with CRVO had a mean number of 2.9,
3.8, and 3.5 injections in the sham/0.5 mg, the 0.3/0.5 mg,
and 0.5 mg groups, respectively. The authors concluded
that the loss in visual acuity was due to the longer
3-month follow-up period and the low number of
injections. Perhaps a more suitable strategy would be
monthly follow-ups until patients reach stability and then
extending follow-up periods gradually to ensure
adequate treatment.
The RETAIN study was an extension trial for

HORIZON.14 There were 32 patients who completed the
HORIZON trial and were enrolled in the RETAIN study,
out of which only 27 completed 2 years of follow-up,
for a total of 4 years since the start of CRUISE. The
patients gained an overall increase of 14 letters that was
not statistically significant from the gains achieved at the

end of CRUISE, suggesting most patients were able to
maintain their gains throughout HORIZON and RETAIN.
Approximately 53.1% of patients gained 15 letters and
43.8% had a final BCVA of 6/12 or better. RETAIN also
stratified patients into those that had resolved edema
for at least 6 months before the end of the study (which
were considered as good responders) and those where the
edema remained unresolved (which were considered as
poor responders). Also, 43.8% of 32 patients had resolved
edema of which 57% had their last injection in the first
year, 14% had their last injection in the second year,
and 21% in the third year. Patients with resolved edema
showed rapid increase in visual acuity during the first
6 months that were maintained throughout the study.
In the unresolved group (56%), patients achieved much
lower visual gains and required a mean number of 5.9
injections in year 4 to maintain them. This group can
be categorized as non-responders or partial responders.

Table 1 Summary of the major Ranibizumab central retinal vein occlusion studies

Cruise11 Horizon21 Retain14

Objective Assess the 12-month efficacy and safety of
intraocular injections of 0.3 or 0.5 mg
Ranibizumab in patients with macular edema
after central retinal vein occlusion (CRVO)

To assess long-term safety and efficacy of
intraocular Ranibizumab injections in patients
with macular edema after retinal vein
occlusion (RVO)

To determine long-term outcomes of patients with
Ranibizumab-treated retinal vein occlusion (RVO)

Duration 12 Months 12 Months 24 Months

Intervention • Ranibizumab 0.3 mg (n= 132) Every
4 weeks for 6 months then pro re nata
(PRN) for another 6 months

• Ranibizumab 0.5 mg (n= 130) Every
4 weeks for 6 then PRN for another
6 months

• Sham (n= 130) Every 4 weeks for 6 months
then PRN 0.5 mg Ranibizumab for
6 months

304 patients who completed CRUISE (87%)
were treated with 0.5 mg Ranibizumab PRN.
Follow up every 3 months

32 patients who completed HORIZON were injected
with 0.5 mg Ranibizumab PRN
Follow up was monthly for the first year and then
every 3 months during the second year

Primary
end point

Mean change from baseline
BCVA letter score at month 6

Incidence and severity of ocular and
non-ocular AEs during the two year
extension period

Mean improvement in best-corrected visual acuity
(BCVA) and percentage of patients with edema
resolution

Key inclusion
criteria

▪ Age ≥ 18 years
▪ Foveal center-involved Macular edema
secondary to central RVO. diagnosed
within 12 months prior to screening

▪ BCVA 6/12 to 6/95 Snellen equivalent
▪ Mean CRT ≥ 250 μm at screening and
Day 0

▪ 304 patients who completed the 12-month
CRUISE study

▪ Expectation by the investigator that the
patient could potentially benefit from
intravitreal anti-VEGF treatment

▪ Patients who completed the Genentech-sponsored
Ranibizumab RVO trials. 32 patients with CRVO.

Results Mean change from baseline BCVA letter
score at month 12 was 13.9
(11.2–16.5) and 13.9 (11.5–16.4) in the 0.3 mg
and 0.5 mg groups, respectively, and 7.3
(4.5–10.0) in the sham/0.5 mg group
(Po0.001 for each Ranibizumab group vs
sham/0.5 mg)

In patients who completed month 12,
the mean number of injections in the
sham/0.5-, 0.3/0.5-, and 0.5-mg groups was
2.0, 2.4, and 2.1 (branch RVO) and 2.9, 3.8,
and 3.5 (central RVO), respectively
The incidence of study eye ocular serious AEs
(SAEs) and SAEs potentially related to
systemic vascular endothelial growth factor
inhibition across treatment arms was 2% to 9%
and 1% to 6%, respectively

With a mean follow-up of 49.7 months,
14 of 32 CRVO patients (44%) had edema resolution,
with 71% receiving their last injection within 2 years
of treatment initiation. The mean number of injections
in unresolved patients in year 4 was 5.9
Compared with patients with unresolved CRVO,
patients with resolved disease had greater
improvement in BCVA (25.2 vs 4.3 letters; P= 0.002),
and a greater percentage had a final BCVA of 6/12 or
better (64.3% vs 27.8%; P= 0.04)

% of patients
gained
≥ 15 letters

The percentage of patients who gained ≥ 15
letters from baseline BCVA at month 12 was
47.0% and 50.8% in the 0.3 mg and 0.5 mg
groups

In CRVO patients, at month 12 of HORIZON,
the percentage of patients who had an
improvement of ≥ 15 letters from CRUISE
baseline was 38.3% (sham/0.5 mg), 38.6%
(0.3/0.5 mg), and 45.1% (0.5 mg)

At the final visit, with a mean follow-up of
51.4 months, 53.1% of the 32 CRVO patients enrolled
in the RETAIN study gained 15 letters or more

Abbreviations: BCVA, best-corrected visual acuity; BRVO, branch retinal vein occlusion; CRVO, central retinal vein occlusion; ETDRS, Early Treatment
Diabetic Retinopathy Study; FU, follow-up; N, number; RCT, randomised controlled trial.
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Only 32 patients were enrolled into the RETAIN study
and this represented about 10.5% of patients who were
enrolled into HORIZON. This is a small fraction and may
not be representative for all CRVO patients. In addition
the cohort was mixed, patients from the sham/0.5 mg,
0.3/0.5 mg as well as the 0.5-mg group were included and
there was no stratification of the underlying subgroups. This
combined with attrition bias and selection bias means that
any conclusions made should be considered thoughtfully
and further RCTs should be performed to confirm these
findings. In addition, this is an extension study for CRUISE
that only originally included non-ischemic CRVO patients.
Although an estimated 1/3 of non-ischemic cases tend to
convert to ischemic within 3 years, the studies (CRUISE,
HORIZON, and RETAIN) do not report the number of non-
ischemic patients who converted to ischemic CRVO during
the course of the study.15

The data from RETAIN show that poor responders
(~50%) tend to require frequent injections and usually
achieve low visual gains. It might be prudent to consider
early change in therapeutics to ensure faster resolution of
edema and better long-term outcomes. This would require
detection of these patients as early as possible during the
treatment regimen. Bhisitkul et al,16 reviewed the data from
CRUISE to see whether the OCT at baseline or month 3
provides information that can predict visual outcomes. It
was found that at month 3, OCT images provide predictive
information for patients with CRVO in the 0.5-mg group but
not the 0.3-mg group. Approximately 78.5% (0.5 mg) and
71.2% (0.3 mg) of the CRVO patients in CRUISE had CFT
o250 μm at 3 months and were referred to as early
responders. The remaining patients who had residual fluid
at 3 months were referred to as late or incomplete
responders. Early responders had excellent long term visual
outcomes regardless the dose of ranibizumab used whereas
the late/incomplete responders did not fare as well
especially when being treated with 0.3 mg ranibizumab.
Patients treated with 0.5 mg ranibizumab with residual
cystoid macular edema at 3 months achieved less visual
gains at 6 months compared to the group without edema
(13.1 letters vs 18.6 letters; P=0.027). A possible conclusion
is that a 3-month OCT can give an indication as to whether
the same treatment regimen should be continued or
whether the patient should be shifted to an alternate
treatment modality. On the basis of RETAIN, the same
group of late/non-responders will require continuous
treatment for years with modest visual gains and that
perhaps an early change in treatment protocols might
achieve better visual results.

Aflibercept

Two major RCTs evaluated the effects of aflibercept
on CRVO namely COPERNICUS and GALILEO.17,18

A summary of the major aflibercept trials as well as a
comparison with CRUISE, SCORE, and GENEVA is
summarized in Table 2. It can be difficult to compare data
between different trials, especially if baseline criteria and
primary/secondary end points are different. The major
Aflibercept trials both had a higher percentage of patients
with ischemic CRVO; 15.5% in the COPERNICUS trial
and 8.2% in the GALILEO trial compared with 0.5% in the
CRUISE study. They also included patients with afferent
pupillary defects that were excluded from CRUISE. The
duration of edema was o9 months in both trials
compared with o3 months in CRUISE. At 6 months
the number of patients with 415 letters gain was 56.1%
and 60.2% in the COPERNICUS and GALILEO trial
respectively compared with 46.2% in CRUISE.
In the COPERNICUS study VA dropped as patients

were shifted from monthly dosing to PRN dosing at
24 weeks in the 2q4 aflibercept group (17.3 letter at week
24 and 16.2 letters at 52 weeks).17 Visual acuity further
dropped at week 100 to reach 13 letters. In addition the
number of patients with no fluid on OCT decreased from
74.5 to 34.3%. These results were also mirrored by the
GALILEO study that showed 18-letter improvements by
24 weeks that dropped to 16.9 letters at the end of the first
year and 13.7 letters at 76 weeks.18 In addition, 80%
of patients had no fluid on OCT at week 24 compared
with 60.2% at 76 weeks. This deterioration in visual acuity
in both studies can be explained by the extended duration
of follow-ups in studies. After the first year patients
in COPERNICUS were followed every 3 months and
patients in GALILEO were followed every 2, suggesting
a quarterly protocol is not a reasonable strategy to
maintain these visual gains. A modified goal would be
to identify patients that need more frequent follow-ups
and determine a treatment interval that would prevent
fluid recurrences while maintaining gains. This strategy
is akin to the observe and plan strategy (OAP) previously
proposed for age-related macular degeneration; a
modification of the treat and extend protocol, that follows
up patients to determine the time point of recurrences and
fixes an injection 2 weeks prior.19 Although this strategy
would seem applicable to all patients, it will likely be
more effective in patients who develop multiple
recurrences.
Although there is insufficient data to say that

aflibercept is better than ranibizumab, it is at least
equally effective and at most the only anti-VEGF tested
in ischemic CRVO patients in RCTs. Subgroup analyses
investigating the impact of retinal perfusion status on
vision in COPERNICUS and GALILEO showed that both
groups experienced similar gains in visual acuity and
anatomical resolution of macular edema with anti-VEGF
therapy.17,18
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Steroids

The efficacy of steroids has been demonstrated previously
in two major trials; SCORE and GENEVA.20,21 The
SCORE study looked at the effects of two doses of
triamcinolone (1 and 4 mg) compared with observation
and the results showed that at 1 year 27 and 26% of
subjects had a 15-letter improvement compared with
the observation group that showed 7%.20 In addition,
the mean visual gain was − 1.2 letters in both the 1 and
4 mg groups compared with − 7 letters in the observation
group. There was no difference in OCT macular thickness
between the different groups at 1 year, which reinforces a
moderate correlation between OCT thickness and visual
acuity in patients with retinal vein occlusion.22

In the GENEVA trial dexamethasone implants
(Ozurdex, Allergan, Inc., Irvine, CA, USA) were used but
included both BRVO patients and CRVO patients (34%) in
their results.21 The combined results showed that at
6 months there was a 15-letter improvement in 41% and
40% of patients using the 0.7 and 0.35 mg groups,
respectively, compared with 23% in the sham group.
A subgroup analysis showed that for CRVO patients
29% in the 0.7 mg and 33% in the 0.35 mg groups had a
15-letter improvement compared with 9% the sham group
at 2 months. However, at 6 months these differences were
not significant with percentages dropping to 18%, 17%,
and 12% for the 0.7 mg, 0.35 mg and the sham group,
respectively. A post hoc analysis showed that patients with
more recent onset edema responded better than patients
with more chronic edema.23 These results were also
mirrored by the SCORE study indicating that steroids
might be more effective in recent onset edema.20,21

No large randomized studies have compared between
steroids and anti-VEGFs. A small study by Gado AS and
Macky TA was conducted on 60 patients with non-
ischemic CRVO in which patients were randomized into
two groups, one receiving Bevazicumab and the other
receiving Ozurdex implants. The study showed that there
was no significant difference in BCVA or macular
thickness between the two groups at 6 months. However,
there was a significantly higher IOP in the dexamethasone
group. Another study by Ding et al,24 conducted on
32 patients showed similar results at 9 months. A third
study by Chiquet et al, conducted on 102 patients
randomized to receive anti-VEGFs and Dexamethasone
implants showed that at 3 months there was significantly
better visual outcomes in the DEX group with no
difference in the CFT. These differences were not
maintained and by the first year there was no difference
in anatomical or visual outcomes. However, an elevated
IOP was more frequent in the DEX group (21%) compared
with the anti-VEGF group (3%, P= 0.008).25

With regards to the major RCTs, the outcomes between
both drugs in the CRUISE and SCORE studies are
different; whether this is because of different baseline
criteria and patient characteristics or because of different
drug efficacies has yet to be demonstrated. While the
mean VA gain in the SCORE study for the 1- and 4-mg
dose was − 1.2, the mean VA gain in CRUISE was +13.9
letters in the 0.3 mg and the 0.5 mg Ranibizumab groups.
Percentage of patients achieving 415 letter gains was
47 and 51% in the 0.3 mg and the 0.5 mg ranibizumab
groups in CRUISE compared with 26 and 27% in the 1
and 4 mg triamcinolone groups.11,20 In addition, 20 and
35% in the 1 and 4 mg triamcinolone groups required
initiation of IOP lowering medications compared with 8%
in the observation group. A recent study by Thom et al,26

attempted to compare between trials using a combination
of multinomial and indirect Bayesian comparison models.
It showed that there was a trend for greater ranibizumab
associated visual gains compared with dexamethasone at
months 1 and 6 in a common clinical context, although
results were not classically significant. Thus, even if the
visual gains were similar, steroids would still not be
the preferred first line choice for many because of the
higher intraocular complication rate.

Alternate treatment regimens

Response can be variable amongst patients and defining
this response is crucial to tailoring a patient-centric
treatment regimen. A simple definition could be the
one described earlier that categorizes patients with a
CFT4250 μm after three injections as late or partial/
non-responders and those with a CFT of o250 μm as
early or good responders.16 As previously mentioned
patients showing fluid at 3 months fared worse at
6 months and 12 months with less visual gains and
required more frequent injections. To further stratify
this group of poorly responsive patients we suggest
the definition used by Sharareh et al that suggested that
patients who have o1% reduction in MO after injections
are to be deemed non-responders and patients who
respond with at least a 10% reduction in MO to be
categorized as partial responders.27 With that concept
in mind we will explore some of the alternate treatment
modalities that can be used in patient deemed non-
responsive or partially responsive after three loading
doses of anti-VEGFs.

Laser therapy

There are two distinct laser strategies: GRID and scatter
PRP. GRID laser aims to reduce macular edema and
improve VA, and scatter PRP aims to reduce VEGF load
by ablating peripheral ischemic retina.
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The first major study to assess the effects of GRID
photocoagulation in improving visual acuity in eyes
with macular edema was the CVOS study.15 The study
consisted of 155 eyes divided into two groups; a laser
GRID group and an observation group. At the conclusion
of the study there were no differences between the treated
and untreated eyes in terms of visual acuity. However,
treatment did reduce angiographic evidence of macular
edema, although this did not translate to improvements
in visual outcomes. Subgroup analysis showed that the
visual acuity outcomes were consistent over all subgroups
(which included duration of CRVO and degree of
peripheral ischemia) except age. However, this study
used laser as a monotherapy and with very high CFTs the
effectiveness of laser therapy might have been reduced.
It would seem reasonable to explore laser therapy after
the CFT has been reduced by anti-VEGF therapy. A pilot
study looking at long-term effects of early intervention
with intravitreal bevazicumab followed by grid and
pan-retinal photocoagulation (PRP) in nine eyes with
non-ischemic CRVO showed excellent improvement in
VA and anatomy.28 Although the results should be taken
with caution, perhaps a more long-term RCT could show
how effective this strategy can be.
With regards to scatter PRP, the RELATE study showed

that there was no added benefit with regard to best-
corrected visual acuity (BCVA), resolution of edema, or
number of injections in the ranibizumab plus laser group
compared to the ranibizumab only group.12 Scatter PRP
exacerbated the macular edema and did not decrease it as
would be expected. Another small prospective study by
Spaide showed similar findings.29 Although the cohort in
the RELATE study was mainly chronic CRVO patients
(mean of 15 months duration), the authors suggested
that because of the exacerbation of edema post laser
that conducting a trial on acute patients may not be
warranted.12

Switching to steroids

The difference in visual outcomes as well as the higher
incidence of complications with steroids suggests that
anti-VEGF would be the more preferable first line drug.
Steroids can be used as a second line drug in resistant
cases or as an adjunct from the start. A retrospective
study by Sharareh et al,27 looked at 18 patients
categorized as complete or partial responders to
Bevazicumab that were given Dexamethasone implants.
The study showed that both subgroups responded
with an improvement in both central macular thickness
(average 147 μm) and visual acuity (mean improvement
of 0.25 logMAR). The OMAR study compared between
the effects of Ozurdex and triamcinolone acetonide in
cases of refractory cystoid macular edema despite

repeated bevazicumab therapy due to retinal vein
occlusion.30 It showed that adding steroids improved
central macular thickness significantly (Po0.0001)
although final BCVA did not change significantly after
steroid introduction (P= 0.06). There was no difference
between triamcinolone (TA) and dexamethasone (DEX)
regarding anatomic or functional outcomes.
As an adjunct, a case series by Singer et al,31 showed

that dexamethasone implant with bevazicumab showed a
synergistic effect in CRVO and BRVO patients, increasing
VA and prolonging the time between injections,
compared with either of these medications alone. In
addition, ~ 55% of patients had a maximum visual acuity
gain of 3 letters with a mean increase of 3.4 lines, and 18%
of patients did not require re-injection. Another study by
Maturi et al,32 compared between patients who received
bevazicumab alone and patients who received
combination therapy with dexamethasone implants; at
6 months there was a greater reduction in mean CMT in
the combined group compared with the monotherapy
group, despite no significant differences in VA.
These data show that dexamethasone implants

and to a lesser extent TA can be a suitable option in
resistant cases either as monotherapy or an adjunct to
bevazicumab or ranibizumab.

Switching between anti-VEGFs

Switching between anti-VEGFs as a strategy has been
used in diabetic macular edema (DMO) and in age-related
macular degeneration (AMD) with variable results.33–37

There have been no large-scale studies exploring the
effects of switching in CRVO. A single case series looked
at the benefit of switching to ranibizumab in cases
resistant to bevacizumab and showed that there was an
improvement in both visual acuity and anatomy in these
patients.38 Two case series each with six cases have
looked into the effects of switching to aflibercept in
ranibizumab resistant cases. One study showed marked
improvement in edema with modest improvement in
visual acuity and the other which investigated a cohort of
ischemic CRVO patients showed marked improvements
in both edema and VA.39,40 Although the numbers were
small, the initial data suggest switching cases to
Aflibercept may be a treatment option in non-responsive
cases especially if they were ischemic.
A larger study published by Papakostas et al, included

42 patients with CRVO non-responsive to bevacizumab/
ranibizumab that were switched to aflibercept.41

The median number of injections prior to the switch
was seven and the group included 70% that were
partially responsive and 9.5% that were non-responsive
to bevacizumab and/or ranibizumab. The remaining
were initially responsive but on recurrence failed to
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show a response to either drug. Post switch visual
acuity improved at 1 month but was no longer
statistically significant at the end of follow-up. However,
anatomically there was a significant and sustained
improvement from median CRT 536 to 279 μm at the
end of follow-up (P= 0.0013). Interestingly, the median
interval between injections increased from 5.6 weeks to
7.6 weeks (Po0.0001). Similarly Pfau et al,42 switched
13 patients partially responding to ranibizumab/
bevacizumab to aflibercept and attempted to increase the
duration of treatment using a treat and extend protocol.
Patients showed statistically significant decrease in
anatomy and showed an improvement in visual acuity
by +10.38 letters (P= 0.021). In addition, the duration
between injections increased by 0.51 months and the
relapse-free interval increased by 3.02 weeks (P= 0.003).
Therefore it would seem that most studies

demonstrated the anatomical efficacy and in some the
visual benefits of switching to aflibercept. However,
these studies were all retrospective and switching was
performed after a prolonged period of initial treatment.
This highlights the importance of conducting a
prospective study that aims at early switching to study its
efficacy in the non/partial-response group. Furthermore,
it highlights that in anti-VEGF dependent cases
aflibercept is an interesting choice because it allows for
less frequent injections. However, the benefit of achieving

anatomical improvement without the concurrent visual
improvement means that perhaps the treatment goals for
some patients would be maintenance of vision as opposed
to improving it.

Summary

On the basis of the current review of previous trials we
devised a treatment algorithm that summarizes all the
findings from the major trials as demonstrated in
Figure 1. Our recommended protocol for CRVO patients
would include a loading dose of three monthly injections
of ranibizumab or aflibercept or unlicensed bevazicumab.
Ranibizumab and aflibercept are FDA and EMA
approved as well as being recommended by NICE
(NICE TA and NICE TA 305) for the treatment of
visual impairment due to MO secondary to CRVO.
Bevacizumab is unlicensed for intravitreal injections and
is considered as a first line drug if ranibizumab or
aflibercept are unavailable or due to economic
considerations. At 3 months patients should be assessed
for fluid on OCT. We believe that there are two main
patterns of response; good or early responders and
partial/non-responders based on the data from Bhisitkul
et al that classified patients based on CFT after 3 monthly
injections.16 The group with fluid at 3 months will be
further categorized using the definition proposed by
Sharareh et al into those who have less than a 1%
reduction in MO after 3 injections (the non-responders)
and those who respond with at least a 10% reduction in
MO (the partial responders).27 Patients showing no fluid
activity (early responders) after 3 monthly injections
should be followed up monthly and injected using a PRN
protocol for the first year and with gradual monthly
extensions of the follow-up period during the second
year to maintain gains. Patients showing residual fluid
at 3 months should be categorized into partial or
non-responders. Partial responders may complete the 6
loading doses as previously used in the major studies like
CRUISE, after which they should be reassessed.11 If they
still show fluid activity, then they may be offered a switch
in treatment protocols. Non-responders after 3 monthly
injections may be offered one of three choices;
dexamethasone implants alone or in combination with
bevazicumab/ranibizumab or a switch to an alternate
anti-VEGF (preferably aflibercept if ranibizumab or
unlicensed bevacizumab was used). Patients in the
non-responders and partial responders group should
be followed monthly for 1 year at least after achieving
dryness. These patients should have their follow-up
periods extended very cautiously with an attempt to
identify a fixed period of recurrence before which patients
will receive an anti-VEGF injection. The choice will

Figure 1 Proposed algorithm for treating central retinal vein
occlusion.
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depend on the agent that achieved dryness for that
particular patient.
We also recommend more randomized control studies

to look into the effect of perfusion status as well as the
duration of edema on the response of patients to various
treatment modalities. Exploring options such as switching
to Aflibercept or adjunct dexamethasone would offer
more options for better visual acuity outcomes. More
prospective studies are needed that look into the effects
of early switching as well as a comparison between
switching to an alternate anti-VEGF agent or Ozurdex as
this would help us better understand our treatment
options. On the basis of the data we do not recommend
scatter PRP or Grid laser until more RCTs can show a
benefit in terms of visual outcomes or reducing
treatment load.
Finally, we advocate a patient-centric individualized

approach in dealing with CRVO and awareness that this
is a chronic disease that requires close follow-up and
continuous care for years to ensure that early successes
are not lost down the line.
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