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Purpose: To review the available evidence regarding the safety and efficacy of therapies for the treatment of
macular edema (ME) associated with central retinal vein occlusion (CRVO).

Methods: A literature search of the PubMed database was last conducted in March 2014 with no date re-
strictions but limited to articles published in English. A literature search of theCochraneLibrarywas also conducted in
March 2014with nodate restrictions andwithout a language limitation. The combined searches yielded 108 citations,
of which 20 were deemed clinically relevant for the Ophthalmic Technology Assessment Committee Retina/Vitreous
panel to review in full text. Three additional studieswere also identified for panel review. The level of evidence of these
selected studies was reviewed by the panel methodologist.

Results: There were 7 citations representing 4 clinical trials that provided level I evidence supporting the use
of anti-vascular endothelial growth factor (VEGF) pharmacotherapies for ME associated with CRVO, including
intravitreal ranibizumab (2), aflibercept (3), and bevacizumab (2). There were 3 citations representing 2 studies with
level I evidence for intravitreal corticosteroid injection with dexamethasone intravitreal implant (2 citations) or
triamcinolone (1 citation), although cataract and glaucoma were observed in these studies. Level I evidence is
available on the limited benefit of macular grid-pattern laser photocoagulation (1 citation). Eight other citations
reviewed were rated as level II, and 4 citations were rated as level III. Long-term efficacy results (�2 years of
follow-up) are limited to intravitreal ranibizumab at this time, and few studies have evaluated combination therapy
with anti-VEGF and corticosteroid versus monotherapy of either class of drug.

Conclusions: Level I evidence indicates that intravitreal anti-VEGF pharmacotherapy is safe and effective over 2
years for ME associatedwith CRVO and that delay in treatment is associatedwithworse visual outcomes. In addition,
level I evidence demonstrates short-term efficacy of intravitreal corticosteroid but also an association with a higher
frequencyof adverse events.Ophthalmology2015;122:769-778ª2015by theAmericanAcademyofOphthalmology.
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Ophthalmic Technology Assessments to evaluate new and
existing procedures, drugs, and diagnostic and screening
tests. The goal of an Ophthalmic Technology Assessment is
to review systematically the available research for clinical
efficacy and safety. After review by members of the
Ophthalmic Technology Assessment Committee, relevant
subspecialty societies, and legal counsel, assessments are
submitted to the Academy’s Board of Trustees for consid-
eration as official Academy statements. The purpose of this
assessment is to review the evidence regarding the safety
and efficacy of therapies for macular edema (ME) associated
with central retinal vein occlusion (CRVO).

Background

Central retinal vein occlusion is a retinal vascular condition that
may cause significant ocularmorbidity and vision loss. Clinical
tortuous retinal vessels, cotton-wool spots, optic disc edema
with splinter hemorrhages, andME, which is the leading cause
of decreased central visual acuity (VA) in CRVO.

The prevalence of CRVO increases with age. A pooled
analysis of 15 major population-based studies estimated a
worldwide prevalence of 0.8 per 1000 individuals, or
approximately 2.5 million total persons affected by CRVO
worldwide.1

Histopathologic findings have suggested that thrombosis
of the central retinal vein at the level of the lamina cribrosa
resulting from local structural factors (e.g., atherosclerosis
of the central retinal artery) or occlusion from intraocular
inflammation (e.g., vasculitis-associated CRVO) plays a role
in the pathogenesis of CRVO.2 Occlusion of the central
retinal vein then leads to increased intraluminal venous
pressure, subsequent retinal hemorrhage and edema, and
capillary dropout with resultant hypoxia and upregulation of
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proinflammatory mediators.3 Vascular endothelial growth
factor (VEGF), a protein that stimulates vascular endothelial
cell proliferation and induces vascular permeability, is
consistently elevated in the ocular fluid of patients with
CRVO.3e5

Visual acuity loss after CRVO commonly occurs as a
result of ME but also may result from macular ischemia or
neovascular complications of CRVO (e.g., vitreous hemor-
rhage, neovascular glaucoma). Because early, smaller pro-
spective studies reported the benefit of laser
photocoagulation for ME associated with CRVO,6,7 macular
grid-pattern photocoagulation was evaluated in the context
of the National Eye Institute (NEI)-sponsored Central Vein
Occlusion Study.8

Corticosteroid-based pharmacotherapies are thought to
decrease edema by stabilizing vascular permeability,
downregulating inflammatory mediators, and indirectly
inhibiting the actions of VEGF.9 The dexamethasone
intravitreal implant (Ozurdex, Allergan, Inc., Irvine, CA)
has been approved by the U.S. Food and Drug Adminis-
tration for the treatment of ME associated with CRVO, and
several formulations of triamcinolone acetonide are used
off-label for this indication.

At the time of this report, 4 major anti-VEGF medications
have been evaluated for the treatment of ME associated with
CRVO. Pegaptanib sodium (Macugen, Eyetech, New York,
NY) is a selective antagonist that binds to the 165 isoform of
VEGF.10,11 Ranibizumab (Lucentis, Genentech, Inc., South
San Francisco, CA) is a 48 kDa recombinant humanized
immunoglobulin-G1 kappa isotype antibody fragment that
binds all isoforms of VEGF-A.12 Bevacizumab (Avastin,
Genentech, Inc.) is a 149 kDa full-length humanized
monoclonal immunoglobulin-G1 antibody that binds all
isoforms of VEGF-A.13 Aflibercept (Eylea, Regeneron
Pharmaceuticals, Inc., Tarrytown, NY), previously known as
VEGF Trap-Eye (VTE), is a 115 kDa recombinant fusion
protein consisting of VEGF extracellular binding domains of
the human VEGF receptors 1 and 2 fused to the Fc domain of
human immunoglobulin-G1. In addition to its competitive
inhibition of VEGF, aflibercept also binds placental growth
factors 1 and 2.14 Whereas aflibercept and ranibizumab are
Food and Drug Administration-approved for ME associated
with CRVO, both bevacizumab and pegaptanib are used
off-label.

Several other potential treatments for ME associated with
CRVO have been reported, including pars plana vitrectomy
(PPV),15 radial optic neurotomy (RON),16,17 and laser-
induced chorioretinal anastomosis (LCA).18 These treat-
ments presumably alter the pathophysiology of CRVO by
relieving compression of the central retinal vein structurally
at the level of the lamina cribrosa (RON) or via other pro-
posed mechanisms of improving blood flow and oxygena-
tion (PPV, LCA).
Resource Requirements

Wholesale prices of the intravitreal anti-VEGF medications
range from $1950 per dose for ranibizumab (Lucentis) and
$1850 per dose for aflibercept (Eylea, previously VTE) to
770
less than $50 per dose for bevacizumab (Avastin) when
compounded for intravitreal use. The dexamethasone intra-
vitreal implant (Ozurdex, Allergan, Inc.) is available for
$1400. The price of preservative-free triamcinolone aceto-
nide 40 mg/ml injectable suspension (Triesence, Alcon
Laboratories, Inc., Ft. Worth, TX) is $124 per dose. The cost
of triamcinolone acetonide (Kenalog, Bristol-Meyers
Squibb, New York, NY) is $2.40 per dose. The 2013
Medicare Physician Fee Schedule allowable for intravitreal
injection Current Procedural Terminology code 67028
ranges from $116 in the office setting to $217 for a hospital
outpatient department.

Question for Assessment

The focus of this assessment is to address the following
question: How safe and effective are the currently available
interventions for ME associated with CRVO?

Description of Evidence

A literature search was conducted in April 2013 and
updated in March 2014 in PubMed with no date restrictions
and limited to studies published in English, and in the
Cochrane Library without a language limitation. The search
strategy used the MeSH term retinal vein occlusion and the
text words pegaptanib, Macugen, ranibizumab, Lucentis,
bevacizumab, Avastin, aflibercept, Eylea, VEGF Trap,
vascular endothelial growth factor, VEGF, central retinal
vein occlusion, CRVO, laser photocoagulation, pars plana
vitrectomy, radial optic neurotomy, retinochoroidal anas-
tomosis, and intravitreal corticosteroid. The combined
searches yielded 108 citations. The panel deemed 20 cita-
tions describing 16 clinical studies sufficiently relevant to
review in full text, and ratings of level of evidence were
assigned to each of the selected articles with the guidance of
the panel methodologist. Review of the reference lists for
these articles identified 3 additional citations, for a total of
23 citations reporting on the results of 19 distinct clinical
studies.

The rating scale is based on that developed by the British
Centre for Evidence-Based Medicine. A level I rating was
assigned to well-designed and well-conducted randomized
clinical trials; a level II rating was assigned to well-designed
case-control and cohort studies and lower-quality randomized
clinical trials; and a level III rating was assigned to case series,
case reports, and lower-quality cohort and case-control
studies. Of the studies rated and analyzed in this assessment,
11 were rated as demonstrating level I evidence, 8 were rated
as demonstrating level II evidence, and 4 were rated as
demonstrating level III evidence (Tables 1 and 2).

Published Results

Macular Grid Laser Photocoagulation

The Central Vein Occlusion Study evaluated the role of macular
grid-pattern photocoagulation for the treatment of ME associated
with CRVO (level I). A total of 725 patients (728 eyes) were
enrolled in 1 of 3 study arms. Patients with angiographic evidence



Yeh et al � Therapies for Macular Edema Associated with CRVO
of ME were randomized to macular grid-pattern photocoagulation
or observation (ME group). The other 2 arms included panretinal
photocoagulation versus observation (nonperfusion group) and
natural history. All study arms were followed for a planned period
of 3 years. Eyes were stratified according to perfusion as assessed
by fluorescein angiography; eyes were categorized as nonperfused
(�10 disc areas of nonperfusion) or perfused (<10 disc areas of
nonperfusion).19

The mean age of enrolled patients in the Central Vein Occlusion
Study was 65 years. Within the ME group, 77 eyes were ran-
domized to macular grid-pattern photocoagulation, and 78 eyes
were randomized to observation. Although treatment reduced
angiographic evidence of ME, no difference in VA was observed
between treated and untreated eyes at any point during follow-up.
On the basis of the results of this study, macular grid-pattern
photocoagulation was not recommended for patients with ME
resulting from CRVO. Subgroup analysis showed a possible effi-
cacy for those aged less than 65 years.8

Intravitreal Corticosteroid

Ip et al20 reported the results of the Standard Care vs. COrticosteroid
for REtinal Vein Occlusion (SCORE) study, an NEI-sponsored trial
comparing 1 mg and 4 mg doses of preservative-free intravitreal
triamcinolone (IVT) acetonide (Trivaris, Allergan, Inc.) with stan-
dard of care (observation) for VA loss from ME associated with
perfused CRVO (level I). The SCORE study enrolled 271 subjects.
Eyes with ME resulting from CRVO with presenting best-corrected
VA (BCVA) of 20/40 to 20/400 and optical coherence tomography
(OCT) demonstrating a central subfield thickness (CST) �250 mm
were eligible for enrollment.

Study eyes assigned to IVT received 1 mg or 4 mg triamcin-
olone acetonide and then were treated at 4-month intervals unless
reasons not to re-treat were encountered. The primary outcome
assessed at month 12 was the percentage of patients with a �15-
letter gain in VA. The proportion of patients meeting the primary
end point was 7%, 27%, and 26% for the observation, 1 mg, and 4
mg groups, respectively. Both triamcinolone groups had a similar
change in mean VA letter score (w1.2-letter loss) compared with a
mean loss of 12 letters in the observation group, but the 4 mg group
had the highest rate of cataract formation, cataract surgery, and
intraocular pressure (IOP) elevation. On the basis of these safety
and efficacy findings, consideration of 1 mg IVT was recom-
mended for ME secondary to CRVO.

All 3 study groups showed decreases in center point thickness,
as measured by OCT. At 4 months follow-up, median decrease in
center point thickness was greater in the 4 mg triamcinolone group
(196 mm decrease) than in the 1 mg (77 mm decrease) and obser-
vation groups (125 mm decrease; P < 0.001). However, at 12
months follow-up, there was no difference in retinal thickness
among treatment groups.20

Dexamethasone (Ozurdex Intravitreal Implant)

Haller et al21,22 reported the results of the Global Evaluation of
implaNtable dExamethasone in retinal Vein occlusion with mac-
ular edemA (GENEVA) trial, which evaluated the safety and ef-
ficacy of dexamethasone intravitreal implant compared with sham
in eyes that had ME associated with branch retinal vein occlusion
(BRVO) and CRVO (level I). In 2 identical multicenter, 6-month,
sham-controlled clinical trials21,22 (each of which included patients
with BRVO and CRVO), 1267 total patients were randomized in a
1:1:1 ratio to dexamethasone implant 0.7 mg (n ¼ 427), 0.35 mg
(n ¼ 414), or sham (n ¼ 426) and evaluated for 6 months. Patients
with ME resulting from CRVO or BRVO were recruited, and
eligible patients had VA between 20/50 and 20/200 in the study
eye. Central subfield thickness as measured by time-domain OCT
was required to be �300 mm in the study eye for inclusion.21,22

Primary outcome (pooled data) was time to reach 15-letter
improvement from baseline BCVA. Secondary outcomes included
the proportion of eyes achieving a 10- or 15-letter improvement
from baseline BCVA and the proportion of eyes demonstrating a
�15-letter worsening from baseline BCVA, as well as CST out-
comes. Safety parameters, particularly lens grading and IOP
measurements, were also assessed.

Of the 1267 patients enrolled, 437 (34%) had CRVO. The time
to achieve a 15-letter improvement in BCVA was significantly
faster in both dexamethasone implant 0.7 mg and 0.35 mg groups
compared with the sham group. At day 180, this outcome was
achieved in 41% and 40% in the dexamethasone 0.7 mg and 0.35
mg groups, respectively, and 23% in the sham group. The pro-
portion of eyes achieving a 15-letter improvement from baseline
BCVA was greater in both dexamethasone treatment groups
compared with sham from day 30 to day 90 (P < 0.001), with the
greatest response at day 90. The proportion of eyes achieving a 15-
letter improvement at day 180, however, was not significantly
different between the dexamethasone treatment groups and sham.
The mean increase from baseline VA was significantly greater in
both dexamethasone implant treatment groups versus sham from
day 30 to day 180 (P � 0.006), with the greatest difference of
approximately 7 letters occurring at day 60. Mean decreases in
CST were significantly greater in eyes receiving either dose of the
dexamethasone implant when compared with sham at day 90, but
this effect was not sustained to day 180.

Anti-Vascular Endothelial Growth Factor
Pharmacotherapies

Three large prospective randomized controlled trials (Ranibizumab
for the Treatment of Macular Edema after Central Retinal Vein
OcclUsIon Study: Evaluation of Efficacy and Safety [CRUISE],
General Assessment Limiting Infiltration of Exudates in central
retinal vein Occlusion with VEGF Trap-Eye (GALILEO), Vascular
Endothelial Growth Factor [VEGF] Trap-Eye: Investigation of
Efficacy and Safety in Central Retinal Vein Occlusion [CRVO]
[COPERNICUS]) demonstrated superior VA and OCT outcomes
in anti-VEGF treatment groups when compared with sham at 24
weeks. Primary outcomes assessed in these trials included (1) the
proportion of patients gaining �15 letters, (2) mean change in VA,
and (3) improvement (i.e., reduction) in central foveal thickness
(CFT) or CST (central 1 mm diameter surrounding the center of the
macula).

Pegaptanib. Limited data are available on the use of intravitreal
pegaptanib for ME associated with CRVO. Wroblewski et al11

reported a dose-ranging, double-masked phase 2 trial (level II) in
98 patients randomized 1:1:1 to pegaptanib 0.3 mg or 1 mg every 6
weeks versus sham injection for 24 weeks. Although mean CST
decreased in the 0.3 mg and 1 mg groups by 268 mm and 210 mm,
respectively, versus 5 mm with sham (P < 0.001), the primary
analysis of the proportion of eyes gaining �15 letters was not
significantly different among treatment groups.

Ranibizumab. Brown et al23 reported the primary 6-month re-
sults of the CRUISE study (level I). In this phase III, multicenter,
randomized, prospective, sham injection-controlled clinical trial,
392 patients were randomized 1:1:1 to receive monthly injections
of 0.3 mg or 0.5 mg ranibizumab or sham. Patients with a CRVO
diagnosed within 12 months before study initiation, BCVA 20/40
to 20/320, and mean CST �250 mm using Stratus OCT (Carl Zeiss
Meditec, Inc., Dublin, CA) were eligible. The VA of patients
receiving 0.3 mg and 0.5 mg ranibizumab improved a mean of 12.7
and 14.9 letters, respectively, compared with 0.8 letters in the sham
group (P < 0.0001 for each ranibizumab group vs. sham).
771



Table 1. Level I Intravitreal Corticosteroid and Anti-Vascular Endothelial Growth Factor Studies for Macular Edema Associated with Central Retinal Vein Occlusion

Study Intervention No. of Patients
Duration
(mos) VA Outcome OCT Outcome Adverse Effects/Outcomes

Ip et al,20

2009 (SCORE)
IVT (Trivaris, Allergan,
Inc., Irvine, CA) 1 mg,
4 mg, vs. placebo

271 12 15-letter gain in w7%, 27%, and 26%
for observation, 1 mg, and 4 mg groups,
respectively

No difference in center point
thickness at 12 mos

Highest rate of cataract,
cataract surgery, and IOP
elevation in 4 mg group

Haller et al,21 2010
(GENEVA)

Intravitreal DEX implant
0.7 mg, 0.35 mg, or sham
for CRVO or BRVO

1267
(437 CRVO;
830 BRVO)

6 15-letter gain in 23%, 41%, and 40% for
observation, 0.35 mg, and 0.7 mg DEX
groups, respectively

Significant mean decrease of
208 mm, 177 um, and 85 mm
in 0.7 mg, 0.35 mg,
and sham, respectively, at
day 90; no difference at
day 180

16% of study eyes developed
IOP �25 mmHg, which
was not different from
sham at day 180; no
difference in groups in
cataract/cataract surgery

Haller et al,22 2011
(GENEVA)

Intravitreal DEX implant
0.7 mg at 6 mos after
0.35 mg, 0.7 mg, or sham

997 12 15-letter gain in 32% of eyes in DEX
0.7 mg/0.7 mg group

Mean decrease of 263 mm
in both 0.35 mg/0.7 mg
and 0.7 mg/0.7 mg groups;
267 mm in
sham/0.7 mg DEX

32.8% of study eyes in 0.7 mg/0.7 mg DEX
group had an IOP increase of �10
mmHg at 60 days, which normalized
at 180 days, sometimes with IOP
medication

Brown et al,23 2010
(CRUISE)

1:1:1 randomization to
intravitreal ranibizumab
0.3 mg, 0.5 mg, or sham

392 6 15-letter gain in w17%, 46%, and 47%
in sham, 0.3 mg, and 0.5 mg ranibizumab
groups, respectively

Mean decrease of 168 um,
434 mm, and 452 mm
in sham, 0.3 mg, and
0.5 mg ranibizumab
groups, respectively

No endophthalmitis, retinal tear, or
retinal detachment during treatment
period; 1 nonfatal myocardial infarction
in each of 3 treatment groups

Campochiaro et al,24

2011 (CRUISE)
Intravitreal ranibizumab
0.5 mg PRN from initial
6-mo study

392 12 þ13.9 letters in both ranibizumab
groups; þ7.3 letters in
sham/0.5 mg group

Mean decrease of 472 mm,
453 mm, and 461 mm in
sham/0.5 mg, 0.3 mg/0.5 mg,
and 0.5 mg/0.5 mg
groups, respectively

Increased incidence of cataract in
ranibizumab groups: 3.8% (0.3 mg
group, 12-mo rate), 7.0% (0.5 mg
group, 12-mo rate), 0% (sham;
6-mo rate)

Boyer et al,27 2012
(COPERNICUS)

3:2 randomization to
VTE vs. sham

189 6 15-letter gain in 56% of VTE eyes
vs. 12% sham

Mean decrease of 457 mm
vs. 145 mm in VTE
vs. sham

Drug-related ocular adverse events
reports in 4 patients (1 case each
of endophthalmitis, artery occlusion,
maculopathy, and ocular discomfort)
in VTE group and in 2 patients in
sham group (ocular irritation and ME)

Brown et al,28 2013
(COPERNICUS)

3:2 randomization to
VTE 6 monthly
injections vs. sham;
then ALL groups
VTE monthly PRN

189 12 15-letter gain in 55% of VTE eyes
vs. 30% sham

Similar mean decreases
of 413 mm and 381
mm in VTE every 4
wks þ VTE PRN vs.
sham þ VTE PRN

Rare incidence of ocular serious adverse
events. Incidence of nonocular serious
adverse events similar between groups;
1 acute myocardial infarction in each
of 2 treatment groups

Holz et al,29

2013 (GALILEO)
3:2 randomization
VTE vs. sham

177 6 15-letter gain in 60% of VTE eyes
vs. 22% in sham

Mean decrease of 449 mm
vs. 169 mm in VTE
vs. sham eyes

No cases of retinal detachment or
endophthalmitis in either treatment
group; no arterial thromboembolic
events in either treatment group

Epstein et al,30 2012 Bevacizumab every
6 wks vs. sham

60 6 15-letter gain in 60% of bevacizumab vs.
20% of sham eyes

Mean decrease of 426 mm
vs. 102 mm in
bevacizumab vs. sham

No cases of endophthalmitis or retinal
detachment during treatment period

Epstein et al,31 2012 Bevacizumab every
6 wks vs. sham for
6 mos; then ALL
patients received
bevacizumab every
6 wks for 6 mos

60 12 15-letter gain in 60%
bevacizumab/bevacizumab eyes
vs. 33% of sham/bevacizumab

Mean decrease of 435 mm
in bevacizumab/bevacizumab
group vs. 404 mm
in sham/bevacizumab (no
difference)

No cases of endophthalmitis, retinal tear,
or retinal detachment; no serious
nonocular adverse events reported
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Table 2. Other Level I to III Studies of Interest

Study Level No. of Patients Intervention(s) Outcome

Wroblewski et al,11 2009 II 98 Pegaptanib sodium (0.3
mg and 1 mg doses) vs. sham

36% and 39% of eyes treated with 0.3 mg and 1 mg
pegaptanib gained �15 letters vs. 28% of sham
(not significant); central retinal thickness reduced
by 269 mm and 210 mm in 0.3 mg and 1 mg groups
vs. 5 mm with sham (P < 0.001)

Zhang et al,32 2011 II 45 Bevacizumab Mean VA increased þ21 letters and central retinal
thickness decreased 299 mm at 18 mos

Kriechbaum et al,33 2008 II 28
(8 CRVO, 21 BRVO)

Bevacizumab Mean VA improved from 20/100 to 20/50 and mean
central retinal thickness decreased from 558 mm to 382
mm at 6 mos

Prager et al,34 2009 II 28
(8 CRVO, 21 BRVO)

Bevacizumab Mean VA improved from 20/100 to 20/50 and mean
central retinal thickness decreased from 558 mm to 309
mm at 12 mos

Ding et al,35 2011 II 31 Bevacizumab vs. triamcinolone Both treatments were effective; no difference in VA
or OCT outcomes in ME associated with CRVO

Mayer et al,36 2012 II 36 Bevacizumab followed
by dexamethasone
vs. dexamethasone

No difference in VA or OCT outcomes in ME
associated with CRVO

Aggermann et al,37 2013 II 83 RON vs. IVT vs. placebo 47% of RON cases showed VA improvement that
exceeded triamcinolone (20%, P ¼ 0.034) and
placebo groups (10%, P ¼ 0.009) at month 12

McAllister et al,18 2010 II 108
(53 control, 55
treatment)

LCA 76% of patients developed LCA; eyes with LCA
showed an 11.7-letter mean VA improvement vs.
control eyes (P ¼ 0.004); vitrectomy required in
9% of treated eyes

Heier et al,25 2012 III 304 (open-label
CRUISE extension)

Ranibizumab at least every 3 mos Reduced follow-up and fewer ranibizumab injections
associated with visual decline in CRVO cases;
no new safety events identified

Opremcak et al,16 2006 III 63 RON with triamcinolone �2 lines gained in 44% of patients; persistent CME
identified in 17% of patients; elevated IOP observed
in 25% of patients

Opremcak et al,17 2006 III 117 RON �2 lines gained in 53% of patients; anatomic and
clinical improvement observed via fundus
examination, photography, and angiography
found in 95% of patients

DeCroos et al,40 2009 III 12 PPV with internal limiting
membrane peeling and endolaser

BCVA did not significantly improve despite
improved CFT

BCVA ¼ best-corrected visual acuity; BRVO ¼ branch retinal vein occlusion; CFT ¼ central foveal thickness; CME ¼ cystoid macular edema; CRUISE ¼
Ranibizumab for the Treatment of Macular Edema after Central Retinal Vein OcclUsIon Study: Evaluation of Efficacy and Safety; CRVO ¼ central retinal
vein occlusion; IOP ¼ intraocular pressure; IVT ¼ intravitreal triamcinolone; LCA ¼ laser-induced chorioretinal anastomosis; ME ¼ macular edema;
OCT ¼ optical coherence tomography; RON ¼ radial optic neurotomy; VA ¼ visual acuity.
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Moreover, at 6 months, 46% and 48% of the 0.3 mg and 0.5 mg
ranibizumab groups, respectively, had gained �15 letters from
baseline BCVA compared with 17% of patients in the sham group
(P < 0.0001 for each ranibizumab group vs. sham). At month 6,
mean change in CFT was �434 mm in the 0.3 mg group, �452 mm
in the 0.5 mg group, and �168 mm in the sham group.

Campochiaro et al24 published the 12-month results of CRUISE
(level I). In this extension of the study, patients who had been
randomized initially to 0.3 or 0.5 mg ranibizumab or sham injec-
tion were eligible to receive 0.5 mg ranibizumab on a pro re nata
(PRN) basis if the study eye BCVA was �20/40 or mean CST was
�250 mm. At month 12, the mean change from baseline BCVA
was þ13.9 letters in both ranibizumab groups. The sham/0.5 mg
Table 1 (continued). BRVO ¼ branch retinal vein occlusion; COPERNICUS
Efficacy and Safety in Central Retinal Vein Occlusion [CRVO]; CRUISE ¼ Ra
OcclUsIon Study: Evaluation of Efficacy and Safety; CRVO ¼ central retinal v
Limiting Infiltration of Exudates in central retinal vein Occlusion with VEGF T
retinal Vein occlusion with macular edemA; IOP¼ intraocular pressure; IVT¼ i
tomography; PRN ¼ pro re nata; SCORE ¼ Standard Care vs. COrticosteroid f

<

group experienced a þ7.3-letter improvement from baseline, but
this was significantly less than that observed in both the 0.3 mg and
0.5 mg treatment groups (P < 0.001 for each comparison). The
percentage of patients with a �15-letter improvement at month 12
paralleled the mean VA change results, and mean reduction of CFT
from baseline was 453 mm, 461 mm, and 472 mm in the 0.3/0.5 mg
ranibizumab, 0.5/0.5 mg ranibizumab, and sham/0.5 mg ranibizu-
mab study groups, respectively. Although the 0.3 mg dosage was
used in the CRUISE trial, the 0.5 mg dose is currently recom-
mended for ME resulting from CRVO.

Heier et al25 described the results of the Open-Label Extension
Trial of Ranibizumab for Choroidal Neovascularization Secondary
to Age-Related Macular Degeneration (HORIZON), an open-label
¼ Vascular Endothelial Growth Factor [VEGF] Trap-Eye: Investigation of
nibizumab for the Treatment of Macular Edema after Central Retinal Vein
ein occlusion; DEX ¼ dexamethasone; GALILEO ¼ General Assessment
rap-Eye; GENEVA ¼ Global Evaluation of implaNtable dExamethasone in
ntravitreal triamcinolone; ME¼macular edema; OCT¼ optical coherence
or REtinal Vein Occlusion; VA ¼ visual acuity; VTE ¼ VEGF Trap-Eye.
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single-arm multicenter extension trial (level III) of CRUISE, which
was designed to evaluate the long-term safety and efficacy of
ranibizumab in patients with ME after retinal vein occlusion
(RVO). In this study, patients were eligible for an intravitreal in-
jection of 0.5 mg ranibizumab if the mean CFT was �250 mm or
there was evidence of persistent or recurrent ME affecting VA
after having completed the CRUISE trial. Patients were evaluated
at least every 3 months or more frequently if needed. A total
follow-up of 24 months was planned. Approximately 87% of pa-
tients who completed CRUISE participated in HORIZON. Mean
change at 24 months compared with CRUISE baseline BCVA
was þ9.4, þ14.9, and þ16.2 letters in the sham/0.5 mg, 0.3/0.5
mg, and 0.5/0.5 mg treatment groups, respectively. Best-corrected
VA worsened over the first 12 months of HORIZON, decreasing
by 4.2, 5.2, and 4.1 letters in the sham/0.5 mg, 0.3/0.5 mg, and
0.5/0.5 mg treatment groups, respectively. These declines in vision
paralleled a decline in the percentage of patients who had an
improvement of �15 letters. The authors concluded that reduced
follow-up and fewer ranibizumab injections during the second year
were associated with a decrease in VA in patients with ME
associated with CRVO.

Several key differences in study design and patient population
prevent direct comparison of results between CRUISE and SCORE.
In particular, patients were specifically excluded from CRUISE (and
not SCORE) if they had a relative afferent pupillary defect (likely
indicating extensive capillary dropout and ischemia) and duration of
ME >12 months. Consequently, healthier eyes may have been
enrolled in CRUISE, which is suggested by both the greater per-
centage of eyes enrolled in CRUISE with ME of less than 3 months
duration and the spontaneous improvement in vision (vs. net loss in
SCORE) experienced by the sham arm. Furthermore, follow-up and
re-treatment in SCORE were limited to every 4 months versus
monthly in CRUISE, and the formulation of triamcinolone used
(Trivaris, Allergan Inc.) in SCORE has a significantly shorter
intraocular half-life than Kenalog (Bristol-Meyers Squibb).26

Consequently, eyes in SCORE may have been undertreated.
Aflibercept. Three large prospective randomized controlled

studies27e29 evaluating the efficacy and safety of aflibercept
(Eylea, VTE) for ME associated with CRVO have been published
to date. The COPERNICUS trial is a 2-year, phase III, prospective
randomized, double-masked multicenter trial that enrolled 189 eyes
with ME secondary to CRVO (level I).27 Inclusion criteria included
adult patients with center-involved ME secondary to CRVO
diagnosed within 9 months of study initiation. Patients were ran-
domized in a 3:2 ratio to receive VTE 2 mg or sham injections
every 4 weeks for 24 weeks, for a total of 6 monthly doses.
Between weeks 24 and 52, patients were evaluated monthly and
eligible to receive VTE if re-treatment criteria were met. After
1 year, patients continued PRN dosing for a 1-year extension phase
of the trial. A total of 115 eyes were randomized to VTE, and
74 eyes were randomized to sham injection. At the 24-week pri-
mary end point, 56% of VTE-treated eyes gained �15 letters
compared with 12% of eyes in the sham group (P < 0.001). More
patients in the sham group, compared with the VTE group, lost
�15 letters (27% vs. 2%, respectively). Eyes treated with VTE had
a reduction of CST of 457 mm compared with 145 mm in the sham
group. In addition, progression to ocular neovascularization was
eliminated in the VTE group, with 0 eyes showing progression
versus 5 eyes (7%) in the sham group (P ¼ 0.006).

Brown et al28 published the 1-year results of the COPERNICUS
trial in which all patients randomized to VTE or sham for the first
24 weeks of the study were then eligible to receive VTE 2 mg
every 4 weeks PRN during weeks 24 to 52 if they met specified re-
treatment criteria. At week 52, 55% of eyes in the VTE/VTE group
gained �15 letters in BCVA compared with 30% in the sham/VTE
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group. Mean change in VA in the VTE/VTE group was þ16.2
letters compared with þ3.8 letters in the sham/VTE group. Mean
number of injections was 3.9 in the sham/VTE group and 2.7 in the
VTE/VTE group. The authors concluded that BCVA gains could
be maintained with VTE PRN with less frequent dosing (however,
patients would require continued monitoring), and a delay of 6
months could lead to irreversible damage from chronic edema.

The 6-month results of GALILEO reported on the safety and
efficacy of VTE in a randomized, double-masked, multicenter
study across 63 centers in Europe (level I).29 The first 6 months of
the study design was similar to COPERNICUS, and the results of
GALILEO paralleled the findings from COPERNICUS. A total of
177 patients were randomized in a 3:2 ratio to VTE versus sham
injection every 4 weeks for 24 weeks, and VA and CST were the
major outcomes assessed. At week 24, 60% of eyes receiving VTE
gained �15 letters compared with 22% of eyes receiving sham
injection (P < 0.0001). Mean CST decreased by 449 mm and 169
mm in the VTE and sham groups, respectively (P < 0.0001).

Several key differences in study design exist between
CRUISE (ranibizumab) and COPERNICUS/GALILEO (afli-
bercept) that prevent direct comparison of results. Patients in
CRUISE, for example, were not allowed to have an afferent pu-
pillary defect or ME greater than 12 months, but previous treat-
ment with anti-VEGF therapy was permitted. In contrast, patients
in COPERNICUS/GALILEO were specifically excluded if they
had prior anti-VEGF treatment or ME of greater than 9 months
duration, and presence of an afferent pupillary defect was
allowed.

Bevacizumab. Several studies have evaluated the efficacy of
bevacizumab for ME associated with CRVO. Epstein et al30 re-
ported the results of a prospective, sham-controlled clinical trial
(level I), which randomized eyes to intravitreal bevacizumab (IVB)
1.25 mg every 6 weeks for 6 months duration versus sham. Sixty
patients were randomized, and the findings paralleled the results of
prior anti-VEGF randomized controlled trials. A total of 60% of
patients gained �15 letters at 6 months follow-up in the bev-
acizumab-treated eyes versus only 20% of sham eyes (P ¼ 0.003).
Best-corrected VA improved a mean of þ14.1 letters at week 24 in
bevacizumab eyes compared with þ2.0 letters in control eyes (P <
0.003). Mean CST decreased 426 mm in bevacizumab eyes
compared with 102 mm in control eyes (P < 0.001). Iris neo-
vascularization developed in 17% of sham-treated patients versus
0% in bevacizumab-treated patients (P ¼ 0.052). After 6 months,
all eyes were eligible to receive bevacizumab every 6 weeks on a
PRN basis for months 6 to 12. Paralleling the results of prior anti-
VEGF clinical trials, a favorable benefit was seen in eyes treated
with bevacizumab/bevacizumab, with 60% of patients gaining �15
letters at 12-month follow-up versus 33% in the sham/bevacizumab
group.31 No difference was observed in the reduction of CST by
OCT at 12 months. Thus, despite anatomic improvement after
crossover of sham patients to bevacizumab, a delay in treatment
limited final visual gain.

Two uncontrolled prospective interventional studies reported
similar results of bevacizumab for ME resulting from CRVO.
Zhang et al32 prospectively treated 45 consecutive eyes with ME
secondary to CRVO (level II). Eyes were treated with 3 monthly
IVB injections 1.25 mg and then PRN based on CST. Over an 18-
month follow-up period, mean VA improved from 40.9 letters at
baseline to 61.9 letters (þ21.0 letters, P < 0.001), and CST
decreased from 572 mm to 273 mm (�299 mm, P < 0.001). A
smaller level II study of 29 eyes with ME resulting from RVO
included both BRVO (21 eyes) and CRVO (8 eyes) that were
treated with a similar treatment protocol (i.e., 3 monthly IVB in-
jections followed by PRN monthly injections). In all 29 eyes, mean
VA improved from 50 letters to 66 letters (þ16 letters; P < 0.001)
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at month 12, and CST decreased from 558 mm to 309 mm (�249
mm; P < 0.001).33,34

Other Studies of Interest: Direct Comparison of Anti-
Vascular Endothelial Growth Factor versus Corticosteroid. Ding
et al35 prospectively evaluated the safety and efficacy of IVT
versus bevacizumab for ME secondary to CRVO (level II). Thirty-
two subjects were randomized to a single injection of preservative-
free triamcinolone acetonide (IVT 4.0 mg/0.1 ml) or bevacizumab
(IVB 1.25 mg/0.05 ml). Eyes were re-treated monthly beginning at
3 months if there was ME or �2 lines of VA loss. Re-treatment
was required in 5 of 16 IVT eyes and in 12 of 16 IVB eyes. The
mean number of injections was less in the IVT group (1.3 in-
jections) than in the IVB group (2.4 injections). Of note, BCVA
improved at 1, 3, 6, and 9 months after the injection in both
treatment groups, although no significant difference was observed
between groups.

A nonrandomized prospective level II study36 treated eyes with
IVB followed by dexamethasone implant versus dexamethasone
implant monotherapy for ME associated with CRVO.36 Twenty-
two eyes were treated with dexamethasone implant monotherapy,
and 14 eyes were treated with IVB for 3 monthly injections fol-
lowed by dexamethasone implant. Recurrences of ME in either
group were treated with the dexamethasone implant. Eyes treated
with dexamethasone implant monotherapy gained a mean of 2.5
letters after 6 months, whereas eyes treated with IVB followed by
dexamethasone gained 5.9 letters.
Radial Optic Neurotomy

A prospective randomized multicenter trial37 (level II) reported a
limited benefit of RON for CRVO. Ninety patients were ran-
domized into 3 groups: RON, a single injection of IVT, or
placebo. Forty-seven percent of patients treated with RON had
improved VA compared with 20% in the IVT group and 10%
in the placebo group. Although the proportion of patients who
derived VA gain was significantly greater in the RON group
compared with IVT (P ¼ 0.03) and placebo (P < 0.01), the
difference in mean logarithm of the minimal angle of resolution
in the RON group from baseline to 12-month final follow-up
was not significant. Moreover, no significant anatomic benefits
by OCT were observed. Of the 38 patients undergoing RON, 3
developed retinal detachment, and cataract was reported in 5
eyes (13%).

Pars plana vitrectomy with RON has been hypothesized to
promote mechanical reperfusion of an occluded retinal vein via
surgical decompression of pressure on the central retinal vein.38

Retrospective studies have described the efficacy of RON with or
without adjunctive triamcinolone acetonide. Opremcak et al17

reviewed a series of 117 patients (level II) treated with RON by a
single surgeon and followed for a mean of 9 months (range, 3e32
months). Anatomic improvement, defined by fundus photography
and fluorescein angiography, was reported in 95% of patients
(106/111), and BCVA improvement was reported in 71% of
patients (79/111), with an average of 2.5 lines gained (range,
1e12 lines). This study was limited by the uncontrolled nature of
the series and the unmasked assessment of outcomes, which were
not evaluated by OCT criteria. The authors also reported the ef-
ficacy of RON with IVT in 63 patients followed for a mean of 11
months (range, 1e24 months) (level III).16 Anatomic improve-
ment was reported in 93% of patients (54/58), and BCVA
improvement was reported in 68% of patients (40/59), with an
average of 3 lines gained (range, 1e7 lines). However, lack of a
control group and unmasked outcome assessments limit inter-
pretation of the results.
Chorioretinal (Retinochoroidal) Anastomosis

The creation of a chorioretinal anastomosis via laser or surgical
incision is an alternative technique that has been used for RVO. In
the Central Retinal Vein Bypass Study18 (level II), 113 patients
with nonischemic CRVO were randomized to LCA (n ¼ 58) or
control (n ¼ 55), and mean VA change was assessed at 18
months. The authors reported successful creation of a chorio-
retinal anastomosis in 76% of treated eyes. A mean improvement
of 3.6 letters was observed in patients in whom an anastomosis
was created successfully compared with a loss of 8.1 letters in the
control group (P ¼ 0.004). Vitrectomy was performed in 9% of
treated eyes because of fibrovascular proliferation and macular
traction or vitreous hemorrhage. Other reported complications of
laser chorioretinal anastomosis include choroidal neo-
vascularization, subretinal hemorrhage, and tractional retinal
detachment.39

Vitrectomy

Limited uncontrolled, unmasked retrospective studies15,40 (level
III) have assessed the efficacy of PPV with or without internal
limiting membrane peeling for ME secondary to RVO.15,40

Although foveal thickness reduction was observed in several
studies, a significant improvement in BCVA has not been
observed.40

Prior studies related to vitrectomy for ME resulting from RVO
have been limited by their retrospective nature, differences in
ischemic versus nonischemic perfusion status, prior treatments
administered, and variable disease chronicity before PPV.

Ocular and Nonocular Adverse Events

Intravitreal corticosteroid has been associated with ocular hyper-
tension requiring IOP-lowering medications or glaucoma surgery
and cataract progression. The SCORE study demonstrated a dose-
dependent increase in IOP elevation.20 Intraocular pressure eleva-
tion requiring medications occurred in 35%, 20%, and 8% of
participants in the 4 mg, 1 mg, and observation groups, respec-
tively (P ¼ 0.02 for observation vs. 1 mg; P < 0.001 for obser-
vation vs. 4 mg; P ¼ 0.02 for 1 mg vs. 4 mg, chi-square test).
Cataract progression was observed in all groups; it occurred in
33%, 26%, and 18% of participants in the 4 mg, 1 mg, and
observation groups, respectively. At 24-month follow-up, more
eyes in the 4 mg group had undergone cataract surgery (21 eyes)
compared with 1 mg (3 eyes) and observation (0 eyes) (P ¼ 0.12
for observation vs. 1 mg comparison; P < 0.001 for observation vs.
4 mg; P < 0.001 for 1 mg vs. 4 mg, log-rank test). No instances of
retinal detachment or endophthalmitis were reported in any of the 3
study groups.

The overall incidence of ocular adverse events in GENEVA
was higher in the dexamethasone implant groups than in the sham
group. Ocular hypertension was reported in 4.0% and 3.9% of the
dexamethasone implant 0.7 mg and 0.35 mg groups, respectively,
and 0.7% in the sham group (P ¼ 0.001 for dexamethasone 0.35
mg vs. sham and P ¼ 0.002 for dexamethasone 0.7 mg vs. sham).
Changes in IOP peaked at day 60 for both dexamethasone implant
groups, but no sustained IOP increase was identified at day 180.21

In the CRUISE trial, intravitreal ranibizumab was associated
with increased cataract at 12 months in both the 0.3 mg (4%) and
0.5 mg (7%) groups when compared with sham (0%).24 Nonocular
serious adverse events were few; they were observed in 2 patients
in the 0.3 mg group, 4 patients in the 0.5 mg group, and 2 patients
in the sham group at 6 months.23
775
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In GALILEO, IOP elevation was observed in slightly greater
percentages in the VTE group (10%) versus sham (4%), and no
incident cases of endophthalmitis or retinal detachment were
seen.29 The 12-month results of COPERNICUS reported no
significant differences in treatment-related ocular adverse events
between the VTE/VTE and sham/VTE groups. Nonocular serious
adverse events were rare overall but similar between VTE/VTE and
sham/VTE groups (6% vs. 8%) at 12 months.28

Prospective sham-controlled trials for bevacizumab for ME
associated with CRVO in addition to large randomized trials for
age-related macular degeneration using bevacizumab have
demonstrated similar low rates of ocular adverse events and non-
ocular serious adverse events.41,42

Economic and Quality of Life Considerations

The economic burden of CRVO has been incompletely
studied. There is only 1 U.S. study available estimating the
1- and 3-year costs for patients with CRVO and BRVO in
comparison with patients with systemic hypertension or
glaucoma. Fekrat et al43 evaluated resource use (fluorescein
angiography, OCT, intravitreal injection, laser photocoagu-
lation, and vitrectomy) and direct medical costs by total
Medicare reimbursement amounts to evaluate the costs
associated with CRVO, which were $11 587 and $31 585 at
1 and 3 years, respectively. These costs exceeded the 1- and
3-year costs of systemic hypertension and glaucoma per
affected patient. On the basis of these data and prevalence
data from the Beaver Dam Eye Study, the estimated annual
direct costs to the U.S. Medicare population were expected
to be $1.3 billion for CRVO.

Smiddy44 evaluated economic considerations for ME
associated with CRVO using data from published clinical
trials on intravitreal corticosteroids and anti-VEGF therapies.
Costs per VA line saved using therapies for ME associated
with CRVO ranged from $704 to $7611 for IVT and ranibi-
zumab, respectively. Because the data were derived from
1-year studies, the durability of various treatments and the
side-effect profileswere not addressed in the cost calculations.

The impact of CRVO on vision-related quality of life has
been assessed using the 25-item NEI Visual Function
Questionnaire. One study assessing the vision-related qual-
ity of life in patients with CRVO found that the 25-item
Visual Function Questionnaire scores correlated with the
overall systemic health of the patient and the vision in the
better-seeing eye.45 Because CRVO is associated with
reduced quality of life, most patients are willing to undergo
invasive therapy, including intravitreal injections.46 More
recent data from patients treated with ranibizumab have
shown improvements in vision-related quality of life at 1
and 6 months after anti-VEGF pharmacotherapy.47

Conclusions

Review of the available literature suggests that intravitreal
anti-VEGF pharmacotherapy is a safe and effective treat-
ment for ME associated with CRVO over 2 years. Intra-
vitreal corticosteroids have also demonstrated efficacy but
are associated with higher frequency of adverse effects,
including IOP elevation and cataract. Anti-VEGF
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pharmacotherapy delivered earlier in the course of CRVO
favorably affects visual prognosis. Evidence on the safety
and efficacy of all other reported interventions (vitrectomy,
RON, chorioretinal anastomosis) is of lesser strength.

Future Research

Areas for future study include exploring options for eyes
with persistent ME despite anti-VEGF therapy and evalu-
ating the comparative efficacy of different pharmacologic
agents. The NEI-funded SCORE2 prospective, multicenter
clinical trial aims to compare the efficacy of bevacizumab
with aflibercept for ME resulting from CRVO to address
some of these questions. Greater emphasis should be placed
on novel strategies for sustained intraocular delivery of anti-
VEGF agents or combination treatment with corticosteroids
to reduce the burden, cost, and risk of injections.
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