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Abstract

Background—Central retinal vein occlusion (CRVO) is a common retinal vascular disorder in 

which macular edema (ME) may develop, with a consequent reduction in visual acuity. The visual 

prognosis in CRVO-ME is poor in a substantial proportion of patients, especially those with the 

ischemic subtype, and until recently there has been no treatment of proven benefit. Macular grid 

laser treatment is ineffective, and whilst a few recent randomized controlled trials (RCTs) suggest 
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short-term gains in visual acuity with intravitreal steroids for patients with non-ischemic CRVO-

ME, there is no established treatment for ischemic CRVO-ME. Anti-vascular endothelial growth 

factor (anti-VEGF) agents have been used to treat ME resulting from a variety of causes and may 

represent a treatment option for CRVO-ME.

Objectives—To investigate the effectiveness and safety of intravitreal anti-VEGF agents in the 

treatment of CRVO-ME.

Search strategy—We searched the Cochrane Central Register of Controlled Trials 

(CENTRAL) (which contains the Cochrane Eyes and Vision Group Trials Register) (The 

Cochrane Library 2010, Issue 8), MEDLINE (January 1950 to August 2010), EMBASE (January 

1980 to August 2010), Latin American and Caribbean Health Sciences Literature Database 

(LILACS) (January 1982 to August 2010), Cumulative Index to Nursing and Allied Health 

Literature (CINAHL) (January 1937 to August 2010), OpenSIGLE (January 1950 to August 

2010), the metaRegister of Controlled Trials (mRCT) (www.controlled-trials.com) and 

ClinicalTrials.gov (www.clinicaltrials.gov). There were no language or date restrictions in the 

search for trials. The electronic databases were last searched on 10 August 2010.

Selection criteria—We considered RCTs that compared intravitreal anti-VEGF agents of any 

dose or duration to sham injection or no treatment. We focused on studies that included 

individuals of any age or gender with unilateral or bilateral disease and a minimum of six months 

follow up. Secondarily, we considered non-randomized studies with the same criteria, but did not 

conduct a separate electronic search for these.

Data collection and analysis—Two review authors independently assessed trial quality and 

extracted data.

Main results—We found two RCTs that met the inclusion criteria after independent and 

duplicate review of the search results. These RCTs utilized different anti-VEGF agents which 

cannot be assumed to be directly comparable. We, therefore, performed no meta-analysis. 

Evidence from these trials and from other non-randomized case series is summarized in this 

review.

Authors’ conclusions—Ranibizumab and pegaptanib sodium have shown promise in the 

short-term treatment of non-ischemic CRVO-ME. However, effectiveness and safety data from 

larger RCTs with follow up beyond six months are not yet available. There are no RCT data on 

anti-VEGF agents in ischemic CRVO-ME. The use of anti-VEGF agents to treat this condition 

therefore remains experimental.

PLAIN LANGUAGE SUMMARY

Anti-vascular endothelial growth factor for macular edema secondary to central vein 
occlusion

Central retinal vein occlusion (CRVO) is thought to affect between one and four people per 

thousand at any one time, and is associated with increasing age, high blood pressure, 

diabetes, glaucoma and various disorders of the blood. It frequently causes sudden painless 

vision loss in one eye, although sometimes the vision loss may be minimal. If the vein 

blockage leads to inadequate oxygen delivery to the sensitive retinal tissue, the CRVO is 

considered to be of the ‘non-perfused’ or ‘ischemic’ subtype. More commonly, blood flow 
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and oxygen delivery are restored following the vein blockage and the CRVO is considered 

to be of the ‘perfused’ or ‘non-ischemic’ subtype, which has a better visual outcome. 

Various other complications may develop over hours, days, weeks or months. These include 

macular edema (ME), in which fluid collects within the retina and causes reduction in 

vision. Until recently there has been no evidence-based treatment for this condition and 

many potential treatments, including laser, have been found to be ineffective. Recent studies 

suggest that an injection or implant of steroids in the eye may be of at least short-term 

benefit to patients with the perfused subtype of the condition. However, steroids are 

associated with significant side effects and there is currently no evidence that the benefit is 

sustained, or that patients with the non-perfused subtype of CRVO benefit from this 

treatment. Anti-vascular endothelial growth factor (anti-VEGF) agents have been used 

successfully to treat patients with other retinal vascular disorders, including several 

conditions associated with ME. Whilst anti-VEGF treatment appears to be associated with 

improved vision in a proportion of patients with perfused CRVO-ME, there are currently no 

well-designed studies with a sufficient follow-up time in the literature to allow a conclusion 

about their medium and long-term effectiveness and safety to be drawn. The outcomes of 

several trials with follow up exceeding one year are keenly awaited, and the use of anti-

VEGF agents for CRVO-ME remains experimental.

BACKGROUND

Description of the condition

Central retinal vein occlusion (CRVO) is a common retinal vascular disorder in which 

macular edema (ME), including the cystoid type, may develop with a consequent reduction 

in visual acuity (Guex-Crosier 1999; Hayreh 1983). Both the burden of CRVO-ME in the 

population and the incidence of ME following CRVO are unknown (McIntosh 2010). There 

are also only limited population-based data on the burden of CRVO, which may not be 

generalizable; the available prevalence estimates of 0.4% (Mitchell 1996) and 0.1% (Klein 

2000) and the 15-year cumulative incidence of 0.5% (Klein 2008) are derived from surveys 

of white adults aged over 40 years in the United States and Australia. Cystoid macular 

edema is characterized by the collection of fluid in intercellular spaces within the outer 

plexiform layer of the retina and results from the breakdown of the capillary endothelium 

blood-retinal barrier and leakage of fluid from the vasculature (Guex-Crosier 1999; Vinores 

1999). This process is promoted by vascular endothelial growth factor (VEGF) (Vinores 

1999) and the aqueous concentration of VEGF has been found to be significantly elevated in 

patients with CRVO-ME compared to controls (Funk 2009). Furthermore, there is a 

significant inverse association between duration since onset of CRVO-ME and the aqueous 

VEGF concentration (Funk 2009). Macular edema can be visualized with slit-lamp 

biomicroscopy and its thickness and pattern of distribution can be investigated and 

quantified using optical coherence tomography (OCT) (Catier 2005; Hee 1995).

Central retinal vein occlusion is currently classified into two subtypes, ‘perfused’ or ‘non-

ischemic’ and ‘non-perfused’ or ‘ischemic’, although it is unlikely that the disease process is 

binary. One definition of ischemic CRVO is the presence of a relative afferent pupillary 

defect in the affected eye, which has been found to be a sensitive and specific sign (Servais 
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1986). Another definition is based on the area of capillary dropout on fundus fluorescein 

angiography (FFA) (CVOS Group 1997; Hayreh 2005; Quinlan 1990), with more than 10 

disc areas of dropout indicating ischemic CRVO (CVOS Group 1997). At present there is a 

paucity of population-level data on the prevalence and incidence of ischemic versus non-

ischemic CRVO-ME, but the distinction is important because their natural history differs 

(Hayreh 1983; Hayreh 1994). The ischemic subtype of CRVO accounts for approximately 

20% of acute presentations (Hayreh 1983; Hayreh 1994). Ischemic CRVO is associated with 

a poor visual prognosis (CVOS Group 1997; Hayreh 2001). Visual morbidity, including 

blindness, results from persistent macular edema, macular ischemias, ocular 

neovascularization or secondary glaucoma (Campochiaro 2008). The non-ischemic type has 

a better visual prognosis, but may convert to the ischemic type in an estimated one-third of 

cases within three years, and conversion is most frequent in the initial four months (CVOS 

Group 1997). After developing a CRVO there is a 1% chance per year of a retinal vein 

occlusion in the fellow eye (CVOS Group 1997).

Presenting visual acuity is a key predictor of visual outcome at three years (CVOS Group 

1997): 65% of patients with presenting visual acuity better than or equal to 6/12 (20/40) 

maintain this level of vision; those with presenting visual acuity 6/12 to 6/60 (20/40 to 

20/200) have a variable prognosis with 19% improving to better than 6/15 (20/50), 44% 

showing no improvement and 37% worsening to less than 6/60 (20/200); whilst 80% of 

those with vision less than 6/60 (20/200) at presentation have no visual improvement.

The prevalence of CRVO increases with age and in the United States reaches 0.4% in those 

75 years and over (Klein 2000) with no gender difference (Klein 2008). No ethnic 

differences in prevalence have been identified to date, but population-based surveys on 

mixed ethnicity populations from regions beyond the United States and Australia are 

lacking. There is a paucity of data on risk factors for developing ME following CRVO 

(Hayreh 1994).

At present, there is no established intervention for the treatment of CRVO-ME. Various 

medical and surgical interventions have been tried, including argon laser panretinal 

photocoagulation (Hayreh 1990), macular grid photocoagulation (CVOS Group 1995), 

tissue plasminogen activator (Everett 2006), oral pentoxifylline (Park 2007), hyperbaric 

oxygen therapy (Wright 2007), radial optic neurotomy (Arevalo 2008; Hasselbach 2007; 

Opremcak 2006; Zambarakji 2005) and pars plana vitrectomy with internal limiting 

membrane peeling (DeCroos 2009; Park 2010; Raszewska-Steglinska 2009), but these have 

not been successful. More recently, an RCT comparing laser-induced chorioretinal venous 

anastomosis to sham treatment in adults with non-ischemic CRVO-ME of three to twelve 

months duration demonstrated moderate efficacy, especially in the 76% who developed a 

functioning anastomosis following laser treatment, and the visual acuity advantage 

compared to control was maintained at 18 months (McAllister 2010). However, 18% in the 

treatment arm developed neovascularization at the treatment site and 9% required 

vitrectomy surgery for macular traction or non-resolving vitreous hemorrhage (McAllister 

2010).
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Two recent RCTs on corticosteroids for CRVO-ME have also demonstrated promise, but 

there are concerns about the incidence of complications (Gewaily 2009). Firstly, the 

Standard Care vs. Corticosteroid for Retinal Vein Occlusion trial (SCORE 2009) treated 

participants with non-ischemic CRVO-ME with either 1mg or 4mg intravitreal 

triamcinolone (IVTA) injections repeated every four months, or observation alone. Both 

treatment doses were associated with a five times increase in the odds of achieving a 15 

letter gain in visual acuity at 12 months (P = 0.001). However, 35% of patients treated with 

4 mg, and 20% of patients treated with 1 mg, required intraocular pressure lowering 

treatment by 12 months compared to 8% in the observation group (SCORE 2009). Similarly, 

at 12 months there was new lens opacity, or progression of existing lens opacity, in 33% of 

the 4 mg group and 26% of the 1 mg group, compared to 18% of the observation group 

(SCORE 2009).Secondly, the Ozurdex trial compared a single dexamethasone implant, at a 

dose of 0.7 mg or 0.35 mg, to a sham implant, in adults with branch retinal vein occlusion 

(BRVO)-ME and CRVO-ME of six weeks to nine months duration (ischemic versus non-

ischemic status not specified) (Haller 2010). The percentage of eyes with CRVO-ME 

achieving a 15 letter improvement in visual acuity was significantly higher in both Ozurdex 

groups at day 30 and day 60 than in the sham group (P < 0.001), with the maximal effect at 

day 60. However, by days 90 and 180 there was no significant difference between groups 

(Haller 2010). The incidence of ocular adverse events was not reported for CRVO-ME 

separately, but did not differ significantly between the 0.35 mg and 0.7 mg dose groups. In 

both groups there was a higher incidence of ocular hypertension at day 60 (P < 0.002), and 

by day 180 approximately 24% of patients with dexamethasone implants required IOP- 

lowering medication, and five patients required a surgical/laser procedure to reduce IOP 

(Haller 2010). There was also a significant increase in anterior chamber activity in the 0.35 

mg (P = 0.007) and 0.7 mg (P = 0.03) treatment groups compared to sham (P = 0.03), but no 

significant increase in the risk of incident cataract at 180 days (Haller 2010).

Description of the intervention

Monoclonal antibodies against VEGF were first developed as an intravenous treatment for 

metastatic colorectal cancer (Homsi 2007; Los 2007). The first drug licensed for this 

purpose was bevacizumab (Avastin®), which received Food and Drug Administration 

(FDA) approval in February 2004 (Genetech/Roche 2009b). Bevacizumab is a 149kDa 

recombinant humanized monoclonal whole immunoglobulin G1 antibody that binds to 

VEGF and blocks the binding of VEGF to receptors (Flt-1 and KDR) on endothelial cells 

(Genentech 2009). Pegaptanib sodium (Macugen®) is a 50kDa aptamer; a pegylated 

modified oligonucleotide, which adopts a three-dimensional configuration in vivo which 

allows it to bind to extracellular VEGF-165 and antagonize its biological effects (Eyetech 

2008; Gragoudas 2004). It was approved by the FDA in 2004 for use in neovascular age-

related macular degeneration (Eyetech 2008). Ranibizumab (Lucentis®) was subsequently 

approved by the FDA for the treatment of neovascular age-related macular degeneration in 

June 2006 (Genetech/Roche 2009a). Ranibizumab is a 48kDa recombinant humanized 

monoclonal immunoglobulin G1 antibody fragment (kappa isotype) that binds to the 

receptors of biologically active VEGF-A, including VEGF-110. This blocks the binding of 

VEGF-A to VEGFR1 and VEGFR2 receptors on endothelial cells (Genentech 2008).

Braithwaite et al. Page 5

Cochrane Database Syst Rev. Author manuscript; available in PMC 2015 January 22.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



The pharmacokinetics of 1.25 mg bevacizumab and 0.5 mg ranibizumab intravitreal 

injections have been investigated in an experimental rabbit model (Bakri 2007a; Bakri 

2007b). The vitreous concentration of both drugs declined in a monoexponential function, 

with a half-life of 4.32 days for bevacizumab, and 2.88 days for ranibizumab. At 30 days 

both drugs persisted in the vitreous, at a concentration of > 0.1 μg/ml for ranibizumab versus 

> 10 μg/ml for bevacizumab. No ranibizumab was detected in the fellow eye or serum, 

whilst a peak serum concentration of bevacizumab of 3.3 μg/ml was reached at eight days, 

with a half-life of 6.86 days, and very low concentrations (ng/ml) were detected in the 

fellow eye throughout the 29-day study. The aqueous half-life of a single 1.5 mg intravitreal 

injection of bevacizumab has also been studied in humans with various causes of ME and 

has been found to be approximately 9.8 days (Krohne 2008). Patients with CRVO 

demonstrate moderate variability in the aqueous concentration of ranibizumab measured one 

month after a first intravitreal injection of 0.3 mg or 0.5 mg, but measurements one month 

following subsequent injections are highly correlated for a given patient (Campochiaro 

2009).

More recently, the anti-VEGF agents have demonstrated promise in treating ME secondary 

to CRVO in retrospective and prospective case series (Costa 2007; Iturralde 2006; Pai 2007; 

Schaal 2007; Stahl 2007) and in a randomized trial comparing different doses (Campochiaro 

2008). However, none are FDA approved for use in CRVO-ME.

How the intervention might work

Vascular endothelial growth factor is a cytokine that promotes vascular leakage. It has been 

observed that transgenic mice over-expressing VEGF in the photoreceptors exhibited blood-

retina barrier failure (Vinores 1999). Another study observed that injecting VEGF 

intravitreally induces a time and dose-dependent breakdown of the blood-aqueous and 

blood-retinal barriers in a rabbit model, with maximal vascular leakage occurring 48 hours 

after injection (Edelman 2005). Animal and human studies have identified that the 

expression of VEGF mRNA is significantly up-regulated in regions of ischemic retina of 

various causes, including CRVO (Pe’er 1995; Pe’er 1998; Shima 1996). Furthermore, the 

concentration of VEGF in human aqueous demonstrates close temporal correlation with the 

course of neovascularization and permeability in CRVO, and injecting anti-VEGF 

antibodies inhibits VEGF-driven neovascularization both in vitro and in vivo (Adamis 1996; 

Aiello 1995; Boyd 2002). Vascular endothelial growth factor has also been shown to be a 

critical stimulus in the pathogenesis of ME secondary to diabetes (Nguyen 2006).

Why it is important to do this review

The visual prognosis in CRVO-ME is poor in a substantial proportion of patients, especially 

those with the ischemic subtype, and until recently there has been no treatment of proven 

benefit (Everett 2006; Hayreh 2003; Prisco 2002). Clinicians internationally are increasingly 

using anti-VEGF agents off-label for the treatment of CRVO-ME, based on anecdotal 

experience and a growing volume of published case series. Numerous RCTs investigating 

anti-VEGF for the treatment of CRVO-ME are in progress and the outcomes of these are 

anticipated in the near future. This systematic review was therefore designed to investigate 

the effectiveness and safety of anti-VEGF agents for the treatment of CRVO-ME.
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OBJECTIVES

The aim of this review was to investigate the effectiveness and safety of anti-VEGF 

therapies for the treatment of ME secondary to CRVO.

METHODS

Criteria for considering studies for this review

Types of studies—This review was designed to include all RCTs, or quasi-RCTs, in 

which quasi-random methods of allocation, such as alternation, date of birth or medical 

record number, were used.

Types of participants—We searched for trials involving participants of all ages who had 

unilateral or bilateral ME secondary to CRVO.

Types of interventions—We searched for trials in which anti-VEGF treatment was 

compared placebo or no treatment, and trials that investigated dosage and duration of 

treatment. We excluded studies in which anti-VEGF agents were only compared to, or used 

in combination with other agents.

Types of outcome measures

Primary outcomes: The primary outcome for this review was the proportion of patients 

with an improvement from baseline in best-corrected visual acuity (BCVA) of greater than 

or equal to 15 letters (3 lines) on the Early Treatment in Diabetic Retinopathy Study 

(ETDRS) Chart at four meters, after six months of follow up and any additional follow up 

times. A gain of 15 letters represents a doubling of the visual angle, and whilst this binary 

cut-off considerably exceeds the amount of change required to have a high degree of 

certainty that the observed change is real, even in the presence of poor vision, it has been the 

standard primary outcome measure for evaluating the efficacy of treatments for retinal 

diseases for more than a decade (Beck 2007).

Secondary outcomes: We included the following secondary outcomes.

1. Mean visual acuity change at six months and any additional follow-up times 

reported.

2. The proportion of patients with a loss of 15 or more letters (ETDRS) compared to 

baseline, at six months and any additional follow-up times.

3. Objective assessment of ME regression measured by mean change in central retinal 

thickness on ocular coherence tomography (OCT).

4. The number and type of complications.

5. The number of additional interventions administered.

Adverse outcomes—We searched for any ocular or systemic adverse outcomes reported 

in the trials. We specifically aimed to report the proportion of patients experiencing rebound 

Braithwaite et al. Page 7

Cochrane Database Syst Rev. Author manuscript; available in PMC 2015 January 22.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



ME, subconjunctival hemorrhage, retinal tears, retinal detachment, ocular inflammation, 

endophthalmitis, thromboembolic events, ocular hypertension, glaucoma and cataract.

Economic data—We reported any cost-benefit data included in the primary studies.

Quality of life data—We reported any data relating to impact on quality of life or daily 

functioning included in the primary studies.

Search methods for identification of studies

Electronic searches—We searched the Cochrane Central Register of Controlled Trials 

(CENTRAL) (which contains the Cochrane Eyes and Vision Group Trials Register) (The 

Cochrane Library 2010, Issue 8), MEDLINE (January 1950 to August 2010), EMBASE 

(January 1980 to August 2010), Latin American and Caribbean Health Sciences Literature 

Database (LILACS) (January 1982 to August 2010), Cumulative Index to Nursing and 

Allied Health Literature (CINAHL) (January 1937 to August 2010), OpenSIGLE (January 

1950 to August 2010), the metaRegister of Controlled Trials (mRCT) (www.controlled-

trials.com) and ClinicalTrials.gov (www.clinicaltrials.gov). There were no language or date 

restrictions in the search for trials. The electronic databases were last searched on 10 August 

2010.

See: Appendices for details of search strategies for CENTRAL (Appendix 1), MEDLINE 

(Appendix 2), EMBASE (Appendix 3), LILACS (Appendix 4), CINAHL (Appendix 5), 

OpenSIGLE, mRCT (Appendix 6) and ClinicalTrials.gov (Appendix 8).

Searching other resources—We manually searched references of included studies and 

used the Science Citation Index to identify additional studies citing trials.

Data collection and analysis

Selection of studies—Two review authors independently screened the titles and 

abstracts resulting from the electronic and manual searches. We classified abstracts as 

relevant, potentially relevant or not relevant for this review. We obtained full-text copies of 

articles for those abstracts that were designated relevant or potentially relevant. Two review 

authors independently assessed each article and determined whether to definitely include, 

definitely exclude or record each trial as unclear. We documented agreement between 

review authors and resolved discrepancies by consensus. For any studies classified as 

unclear we contacted the authors in an attempt to include or exclude the study from the 

review. We reported any studies that were definitely excluded.

Data extraction and management—We extracted the following participant and trial 

characteristics and reported them in a table format.

1. Methodology (group size, randomization and blinding (masking).

2. Participant characteristics (gender, age, type of CRVO and diagnostic criteria used, 

baseline visual acuity, OCT-determined thickness of ME).
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3. Intervention (agent, dose, timing of first dose in relation to diagnosis, delivery 

route, frequency and treatment length).

4. Primary and secondary outcomes (proportion with 15 letter gain in visual acuity at 

six months, proportion with 15 letter loss in visual acuity at six months, mean 

difference in visual acuity at six months compared to baseline, central macular 

thickness, adverse events and complications, and outcomes at longer follow-up 

intervals).

5. Additional data (economic, quality of life and visual functioning data).

6. Treatment compliance and losses to follow up.

Two review authors independently extracted the data using a form developed by the 

Cochrane Eyes and Vision Group. We contacted trial authors for more information if data 

were missing or difficult to interpret. We resolved any discrepancies between the two review 

authors by discussion and consensus. One review author entered the data into Review 

Manager 5 (RevMan 2008) and the second author checked the entered data for any errors or 

inconsistencies.

Assessment of risk of bias in included studies—Two review authors assessed the 

methodological quality of the selected trials according to the methods set out in Chapter 8 of 

the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2009). We 

considered the following domains:

1. sequence generation;

2. allocation concealment (selection bias);

3. blinding (masking) of participants, personnel and outcome assessors;

4. incomplete outcome data (attrition bias);

5. selective outcome reporting; and

6. other sources of bias.

We documented relevant information on each domain in a ‘Risk of Bias’ table for each 

study. Each assessor assigned a judgment relating to whether the study was adequate with 

regard to the risk of bias for each domain’s entry. A judgment of ‘Yes’ indicated low risk of 

bias, ‘No’ indicated high risk of bias, and ‘Unclear’ indicated unclear or unknown risk of 

bias. We contacted the authors of trials for additional information on domains judged to be 

‘Unclear’. If the authors did not respond within four weeks, we assigned a judgment on the 

domain based on the available information. We documented agreement between review 

authors and resolved discrepancies by consensus.

Measures of treatment effect—We reported dichotomous variables as risk ratios (RRs) 

with 95% confidence intervals (CIs). We reported continuous variables as mean and 

standard deviation if data were normally distributed, or as median and inter-quartile range if 

data were not normally distributed. We used standardized mean differences in instances 

where various measurement tools were used to assess the same outcome.
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Unit of analysis issues—The unit of analysis was the eye for data on visual acuity, ME 

measurements and ocular complications. The unit of analysis was the individual for 

demographic characteristics, economic, quality of life and visual functioning.

Dealing with missing data—We attempted to contact authors for missing data. If the 

authors did not respond within four weeks, we imputed data where possible using available 

information such as P values or confidence intervals (CIs).

Protocol for future review

Assessment of heterogeneity—We did not assess heterogeneity since pooled estimates 

of the treatment effect were not included in this review. If additional studies are considered 

during a future update of this review, we will assess heterogeneity by examining study 

characteristics and forest plots of the results. We will use the I2 statistic to assess the impact 

of statistical heterogeneity, interpreting an I2 value of 50% or more as significant.

Assessment of reporting biases—Since pooled estimates of treatment effect across 

studies were not included, we did not examine funnel plots to assess reporting biases. If 

considered during a future update of this review, we will examine funnel plots from each 

meta-analysis to assess reporting bias.

Data synthesis—We will use the following guidelines for future updates of this review. 

When three or more trials are available, the data will be analyzed using a random-effects 

model. If significant heterogeneity is found, we will report results in tabular form. 

Dichotomous outcome variables will include the proportion of patients with at least a 15 

letter gain or loss in visual acuity, the proportion experiencing each complication or adverse 

event, and the proportion requiring additional treatments, at six months and other follow-up 

times. Categorical outcome variables will include follow-up period. Continuous outcome 

variables will include mean changes in visual acuity and central macular thickness over 

time. We will analyze measurements comparing dose and frequency effects separately.

Subgroup analysis and investigation of heterogeneity—If data are available 

during a future update of this review we will stratify by anti-VEGF agent, clinical subtype 

(ischemic and non-ischemic), duration since onset and baseline BCVA, and perform 

subgroup analyses to identify possible sources of heterogeneity.

Sensitivity analysis—We did not perform sensitivity analyses. We will consider 

sensitivity analyses for future updates of this review to examine how strongly related our 

review results are to decisions and assumptions that have been made during the review. We 

will investigate the impact of quasi-randomized studies, studies with lower methodological 

quality (e.g. domains judged to be inadequate with regard to risk of bias, marked ‘No’ or 

‘Unclear’ in the ‘Risk of bias’ table), unpublished data and industry-funded studies.
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RESULTS

Description of studies

See: Characteristics of included studies; Characteristics of excluded studies; Characteristics 

of ongoing studies.

Results of the search—The electronic search on 10 August 2010 yielded a total of 123 

non-duplicate titles with accompanying abstracts. We screened full-text articles 

corresponding to 34 possibly relevant titles, and two definitely relevant titles, which 

identified two RCTs comparing an anti-VEGF treatment to sham injection. There were no 

RCTs comparing anti-VEGF agents to no treatment.

Included studies—We found two trials that met our inclusion criteria (CRUISE 2010; 

Wroblewski 2009). Wroblewski 2009 was a Phase II, double-masked, randomized, sham-

controlled trial of pegaptanib sodium for non-ischemic CRVO-ME of not more than six 

months duration. In this trial 98 participants received either 0.3 mg (n = 33) or 1.0 mg (n = 

33) pegaptanib sodium or sham injection (n = 32), with treatment administered every six 

weeks (five times in total) for 30 weeks. CRUISE 2010 was a Phase III, double-masked, 

randomized, sham-controlled trial of ranibizumab for predominantly non-ischemic CRVO-

ME of mostly less than 12 months duration. In this trial 392 participants received either 0.3 

mg (n = 132) or 0.5 mg (n = 130) ranibizumab (Lucentis) or sham injection (n = 130), with 

treatment administered every month (six times in total) for six months. The table 

‘Characteristics of included studies’ details a full summary of each of these trials.

The two trials included patients with broadly similar baseline characteristics. The mean age 

and percentage of male participants was similar in the two trials, at 68 years with 57% male 

participants in the CRUISE trial and 63 years with 53% male participants in the pegaptanib 

sodium trial. The mean time between occlusive event and study entry was approximately 80 

days in the pegaptanib sodium trial, whilst the median time from diagnosis, which may be 

later than the occlusive event, to screening in the CRUISE trial was two months with a range 

of less than one month to 27 months. The mean BCVA at baseline was approximately 48 

letters (Snellen 20/100) in both trials. The percentage of patients with a poor presenting 

BCVA of less than 35 letters was very similar, ranging from 20% to 25% in the CRUISE 

trial and 19% to 24% in the pegaptanib sodium trial. The mean baseline CRT was similar in 

the two studies, ranging between 632 μm and 688 μm.

Excluded studies—We excluded one trial because it compared treatment with 

bevacizumab to combined treatment with bevacizumab and timolol-dorzolamide, with no 

sham injection or observation group. Furthermore, this trial combined patients with both 

BRVO and CRVO, and the sample size was insufficient for analysis of CRVO-ME 

specifically (Byeon 2009) (See the ‘Characteristics of excluded studies’ table for further 

details). Whilst we did not conduct a separate electronic search for study designs less 

rigorous than the randomized or quasi-randomized controlled trial, numerous interventional 

case series and case reports were identified, in which anti-VEGF agents were used for the 

treatment of CRVO-ME, and these are summarized in Table 1 ‘Interventional case series’ 
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and Table 2 ‘Case Reports’, respectively. However, these did not meet the inclusion criteria 

for the systematic review. Table 3 shows the ‘Details of other excluded non-RCTs’.

Risk of bias in included studies

The included studies had a low risk of bias in each domain (See Figure 1). In both studies 

one eye was enrolled in the study per participant. In CRUISE 2010 the authors specified that 

where both eyes met the inclusion criteria, the eye with the worse BCVA at screening was 

selected.

Allocation—Both studies used stratified randomization to obtain balanced treatment 

assignments according to study center and baseline best corrected visual acuity. Both studies 

used a dynamic randomization method to check that at the end of the randomization process 

the treatment assignment groups were balanced on the stratification factors of interest. Both 

studies were therefore considered to have a low risk of bias in the sequence generation 

domain. CRUISE 2010 did not describe in detail the method of concealment of the 

allocations, and so in this domain the risk of bias was considered ‘unclear’. In Wroblewski 

2009 the authors specified that medication kits were identified by randomization number, 

that all kits were similar in appearance, and that the allocation was conveyed to the injecting 

ophthalmologist by the study co-ordinator in a way that did not inform the treating 

ophthalmologist or participant of the allocation.

Blinding—Both studies were considered to have a low risk of bias in this domain. In both 

studies, the participants, examining ophthalmologists and other clinical examiners were 

masked to the treatment allocation. The ophthalmologists performing the intravitreal 

injections, who performed either a sham injection or a drug injection, were not involved in 

reviewing the participants at their follow-up assessments. In both studies patients who were 

randomized to the sham group were treated similarly to those in the treatment groups, except 

that the hub of a syringe was placed against the injection site and the plunger depressed to 

mimic an injection, without globe penetration.

Incomplete outcome data—In CRUISE 2010, the percentage of patients who dropped 

out of follow up before six months differed between groups. Specifically, 2.3% in the 0.3 

mg ranibizumab group, 8.5% in the 0.5 mg ranibizumab group and 11.5% in the sham group 

did not complete six-month follow up. Similarly, the percentage of patients who 

discontinued treatment before receiving six consecutive injections differed between groups, 

at 3.0% in the 0.3 mg group, 7.7% in the 0.5 mg group and 12.3% in the sham group. The 

main reason given for all incomplete outcome data was patient or physician choice, but 

further detail was not specified. In the smaller pegaptanib sodium trial (Wroblewski 2009) a 

total of six participants (6%) withdrew. Specifically, three participants withdrew from the 

0.3 mg group, one from the 1 mg group and two from the sham group. In addition, one 

participant in the sham group discontinued through non-compliance. All five consecutive 

injections were received by 81% of participants in the 0.3 mg group, 90% of participants in 

the 1 mg group and 88% of participants in the sham group. In both studies, the authors 

imputed missing values for efficacy outcomes using the last-observation-carried-forward 

method and efficacy analyses were conducted on the intention-to-treat population of 
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randomized participants. However, the imbalance in incomplete outcome data in these 

relatively small trials may have introduced bias into the reported outcomes, and therefore the 

risk of bias in both trials was considered ‘unclear.’

Selective reporting—CRUISE 2010 reported all pre-specified primary and secondary 

outcomes listed in the study protocol on ClinicalTrials.gov (NCT00485836). The protocol 

for Wroblewski 2009 (NCT00088283) did not include prespecified outcome measures. 

Whilst all outcomes that would be expected were included, and both positive and negative 

results were reported without apparent bias, we were not able to exclude the possibility of 

selective reporting and considered the study ’unclear’ in this domain.

Other potential sources of bias—We did not identify any other potential threats to 

validity in Wroblewski 2009. In CRUISE 2010, three patients (2%) included in the 0.5 mg 

ranibizumab group had more than ten disc areas of capillary non-perfusion, specifically 112, 

113 and 109 disc areas, compared to no patients in either the sham or 0.3 mg groups. 

Furthermore, three participants in the 0.5 mg group (2%), compared to one in the sham 

group and none in the 0.3 mg group, were included whose time from diagnosis to screening 

exceeded the specified inclusion criteria of up to 12 months, with a longest duration of 27 

months for a participant in the 0.5 mg group. These differences in baseline characteristics 

between the groups were small, but we were not able to exclude the possibility of associated 

bias in the outcomes for the 0.5 mg group and therefore judged the study to have an 

‘unclear’ risk of bias.

Effects of interventions

In Wroblewski 2009, in which pegaptanib sodium 0.3 mg or 1.0 mg given five times at six-

week intervals over a 30-week period was compared to sham injections, there was no 

significant difference between groups in the primary endpoint. Specifically, in the sham 

group nine patients (28%) gained 15 or more letters at week 30, compared to 12 patients 

(36%) in the 0.3 mg pegaptanib sodium treatment group (P = 0.48), and 13 patients (39%) in 

the 1.0 mg pegaptanib sodium treatment group (P = 0.35). However, there was a significant 

difference in average visual acuity gain at week 30 in the 1.0 mg treatment group, who 

gained an average of 9.9 letters from baseline, compared to the sham group who lost an 

average 3.2 letters (P = 0.02, 95% CI 1.5 to 24.6 letters). Those treated with 0.3 mg 

pegaptanib sodium also gained an average 7.1 letters from baseline, but the change was not 

significantly different to that of the sham group (P = 0.09, 95% CI -1.3 to 21.8 letters). 

However, there was a significant difference between both treatment groups and the sham 

group in the risk of losing 15 or more letters at week 30 compared to baseline. Specifically, 

9% in the 0.3 mg group (P = 0.03, RR 0.29; 95% CI, 0.09 to 0.96) and 6% (P = 0.01, RR 

0.19; 95% CI, 0.05 to 0.82) in the 1.0 mg group lost 15 letters, compared to 31% in the sham 

group. There was a near-linear mean reduction in central retinal thickness from baseline 

over time in the sham group. In contrast, there was a significant mean reduction from 

baseline to week three in the 0.3 mg group (of 329 μm) and 1.0 mg group (of 198 μm), 

compared to the sham group (of 40 μm, P = 0.001). This mean reduction subsequently 

rebounded slightly, but the mean reduction remained greater at all time points in the 

treatment groups than in the sham group. Iris or retinal neovascularization developed before 
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30 weeks in three patients in the sham group, and one patient in each of the treatment 

groups. No serious or adverse events were reported. No economic, quality of life or visual 

functioning data were included. In CRUISE 2010, in which ranibizumab (Lucentis®) 0.3 mg 

or 0.5 mg (n = 130) was given at monthly intervals for six months and was compared to 

sham injections (n = 130), there was a significant difference in the mean change from 

baseline BCVA at six months in both treatment groups compared to sham (P < 0.0001). 

Specifically, the 0.3 mg group gained a mean 12.7 letters (95% CI 9.9 to 15.4) and the 0.5 

mg group gained a mean 14.9 letters (95% CI 12.6 to 17.2), compared with 0.8 letters in the 

sham group (95% CI -2.0 to 3.6). This improvement occurred rapidly in patients receiving 

ranibizumab, who gained an average 9 letters one week after the first injection. At six 

months the percentage of patients gaining 15 letters or more from baseline was significantly 

higher in both treatment groups compared to sham (P < 0.0001 for each pair-wise 

comparison to sham). Specifically, 46.2% of the 0.3 mg group, 47.7% of the 0.5 mg group, 

versus 16.9% of the sham group gained 15 letters. The differences between the treatment 

groups and the sham group were significant at seven days and all monthly time points to six 

months (P < 0.0001 for each pair-wise comparison to sham). The percentage of patients in 

the treatment groups losing 15 or more letters at six months was also significantly less than 

in the sham group (P < 0.005 for each pairwise comparison to sham). Specifically, 3.8% of 

the 0.3 mg group and 1.5% of the 0.5 mg group lost 15 or more letters, compared to 15.4% 

of the sham group. The mean difference in central foveal thickness (CFT) from baseline was 

significantly greater in both treatment groups compared to sham at all time points from 

seven days to six months (P < 0.0001 for each ranibizumab group versus sham at each time 

point). Specifically, the mean reduction was -433.7 μm (95% CI -484.9 to -382.6) in the 0.3 

mg group, -452.3 μm (95% CI -497.0 to -407.6) in the 0.5 mg group, and only -167.7 μm 

(95% CI -221.5 to -114.0) in the sham group. There were few serious adverse ocular events 

at six months; one patient in the sham group developed a vitreous hemorrhage and one 

patient in the 0.5 mg group developed iris neovascularization. Two patients in each of the 

ranibizumab groups developed cataract. Some systemic serious adverse events occurred in 

all groups by six months; one non-fatal myocardial infarct affected a patient in each group. 

In addition, one patient in the 0.5 mg group had a transient ischemic attack and angina 

pectoris; and one patient in the 0.3 mg group had a retinal artery occlusion. The treatment 

groups had a significantly greater mean change from baseline in the National Eye Institute 

Visual Functioning Questionnaire 25 item instrument (NEI VFQ-25) score at six months. 

Specifically, the score increased by 7.1 (95% CI 5.2 to 9.0) in the 0.3 mg group, 6.2 (95% CI 

4.3 to 8.0) in the 0.5 mg group, and 2.8 (95% CI 0.8 to 4.7) in the sham group (P < 0.05 for 

each ranibizumab group versus sham). No economic data were included.

Analysis 1.1 graphically illustrates the chance, or relative risk (RR), of having an 

improvement of 15 or more letters on the ETDRS visual acuity chart at 26 to 30 weeks of 

follow-up, for each dose of each anti-VEGF agent as compared to receiving a sham 

injection. Specifically, treatment with 0.3 mg or 0.5 mg ranibizumab, rather than sham, was 

associated with atleast a 2½ times increase in the probability of achieving the primary 

outcome. For the 0.3 mg group the RR was 2.73 (95% CI 1.79 to 4.17; fixed-effect model), 

and for the 0.5 mg group the RR was 2.82 (95% CI 1.85 to 4.29; fixed-effect model). In 

contrast, there was a non-significant increase in the chance of achieving the primary 
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outcome comparing 0.3 mg or 1.0 mg treatment with pegaptanib sodium to sham injection. 

Specifically, the RR for the 0.3 mg group was 1.29 (95% CI 0.63 to 2.64; fixed-effect 

model), and the RR for the 1.0 mg group was 1.40 (95% CI 0.70 to 2.81).

Aside from these RCTs, the remainder of the literature identified through this review’s 

electronic search was based on open-label, prospective studies, retrospective chart reviews, 

case reports and case series with relatively short follow-up periods. A summary of these 

studies is provided in Table 1 and Table 2.

DISCUSSION

Summary of main results

Allowing for variability resulting from the relatively small sample sizes, these two RCTs 

included participants with broadly similar baseline characteristics. The outcomes in the 

sham groups were also broadly similar, although sham participants in the trial of pegaptanib 

sodium (Wroblewski 2009) more closely followed the pattern reported previously (CVOS 

Group 1995). More specifically, after six months the sham group in the CRUISE trial 

(CRUISE 2010) experienced a negligible mean improvement in BCVA, and a similar 

proportion of patients either gained or lost 15 or more letters on the ETDRS chart (~16%). 

There was some reduction in ME from baseline, with an average central foveal thickness 

(CFT) change of 167.7 μm. Participants reported minimal functional gain, with a 2.8-point 

change in score from baseline on the NEI VFQ-25 instrument. Similarly, the sham group in 

the pegaptanib sodium trial (Wroblewski 2009) had a small mean deterioration in BCVA at 

30 weeks, with approximately 30% of participants either gaining or losing 15 or more letters 

on the ETDRS chart. A similar reduction in ME thickness over time (148 μm) was observed 

to that in the sham group of the CRUISE trial. In both trials, repeated treatment with the 

antiVEGF agent was associated with improved outcomes at six months (CRUISE 2010) or 

30 weeks (Wroblewski 2009), and no safety concerns were identified in this time. The 

CRUISE trial demonstrated the efficacy of six consecutive injections of either 0.5 mg or 0.3 

mg ranibizumab (Lucentis®), given at monthly intervals, compared to sham injection, in all 

primary and secondary endpoints investigated (CRUISE 2010). Participants treated with 

ranibizumab gained between 13 and 15 letters at six months, with 46% and 48% gaining 15 

or more letters and only 2% to 4% losing 15 or more letters. Significant resolution of ME 

was demonstrated by a mean reduction from baseline CFT of between 434 μm and 452 μm. 

A significant participant-reported functional gain was also supported by an increase from 

baseline in the NEI VFQ-25 score of between 6 and 7 points. For all outcomes except the 

latter, the higher dose of 0.5 mg ranibizumab appeared to have a slightly greater effect than 

the 0.3 mg dose, but the trial was not designed to test for a significant difference between 

doses. In the smaller Phase II trial of five consecutive injections of either 1.0 mg or 0.3 mg 

pegaptanib sodium (Macugen®), given at six-week intervals and compared to sham 

injection, efficacy was demonstrated for some but not all outcomes (Wroblewski 2009). 

Participants treated with pegaptanib sodium gained a more modest 7 to 10 letters, and the 

latter gain in the 1.0 mg group was significant. Compared to sham injection, treated 

participants also had a slightly greater, though non-significant, reduction in CRT and 

proportion gaining 15 or more letters on the ETDRS chart. Furthermore, a significantly 
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smaller proportion of treated participants, between 6% and 9% lost 15 or more letters 

compared to the sham group. Thus, both anti-VEGF agents were demonstrated to enhance 

the anatomical resolution of ME, to stabilize the visual acuity in some participants and to 

improve the visual acuity in others, as compared to sham injection.

Overall completeness and applicability of evidence

One main limitation of both trials was their relatively small sample size (CRUISE 2010; 

Wroblewski 2009). This was especially relevant in the pegaptanib sodium trial, which 

lacked sufficient power to identify differences between the treatment and sham groups in the 

main outcomes of interest (Wroblewski 2009). Neither trial had sufficient power to 

investigate outcome differences between the two different treatment doses. A second 

limitation of both trials was the relatively short follow-up periods, of six months and 30 

weeks, which did not permit assessment of how long the apparent benefits of treatment with 

ranibizumab and pegaptanib sodium are sustained. Ocular or systemic adverse events 

occurring at a longer latency from treatment may also have been missed. Twelve-month 

follow-up data for the CRUISE trial are anticipated in the near future, and will be valuable 

in this regard.

Whilst the treatment of CRVO-ME with ranibizumab or pegaptanib sodium appears 

promising, the applicability of the available trial data to clinical practice is still relatively 

limited, and there were no RCT data on bevacizumab or other antiVEGF agents. The 

inclusion and exclusion criteria of the two trials were such that the outcome data can not be 

extrapolated to important sub-groups of patients in clinical practice. For example, 

approximately 20% of acute presentations of CRVO are ischemic (Hayreh 1983; Hayreh 

1994), and up to a third of patients convert from the non-ischemic to the ischemic subtype, 

most frequently in the first four months (CVOS Group 1997), but participants with ischemic 

CRVO were excluded in these trials. Secondly, a substantial proportion of patients in 

clinical practice have had persisting CRVO-ME for more than one year, but such 

participants were mostly excluded. Thirdly, patients with previous retinal vein occlusion, or 

other co-morbid eye disease including diabetic retinopathy and age-related macular 

degeneration were also necessarily excluded, but age and diabetes are among the established 

risk factors for CRVO (Shahsuvaryan 2003) and it is not uncommon for patients to have 

multiple ocular and systemic pathologies. Fourthly, the CVOS Study reported that 29% of 

patients with CRVO present with a visual acuity of 20/40 or better (CVOS Group 1997), but 

as these participants were mostly excluded it is not possible to determine whether treatment 

confers sufficient benefit in this group to outweigh the risks associated with intravitreal 

injection.

Many important questions on the management of CRVO-ME remain unanswered. For 

example, does the timing of treatment initiation matter? How long is any treatment benefit 

sustained and what is the optimal re-treatment frequency for each anti-VEGF agent? How 

many treatments are required to achieve a stable outcome? What proportion of patients 

develop ME which is refractory to further treatment, and at what latency from previous 

treatment cessation? Is the apparently low incidence of ocular and systemic adverse events 
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maintained in the longer term? Further RCT data is anticipated in the near future which will 

begin to address these questions.

Quality of the evidence

The two included RCTs were relatively small but were well designed with a low risk of bias 

in the majority of domains. They can therefore be considered to provide reasonably good 

evidence on short-term outcomes for the specific cohort of participants studied.

Data from numerous non-randomized studies was also reviewed (see Additional Table 1 and 

Table 2), although a comprehensive search for such data was not performed. Comparison of 

the results of these studies was challenging for a number of reasons. Firstly, the studies 

reported variable baseline investigations, follow up and outcome measures. Secondly, some 

studies included only patients with non-ischemic CRVO-ME at baseline, others only 

ischemic CRVO-ME, and many others a mixed or unspecified cohort of patients. Since the 

natural history and visual prognosis in CRVO has been found to be very variable (CVOS 

Group 1997), summating outcomes for mixed patient cohorts, especially with small sample 

sizes, is likely to be misleading, with either over or underestimation of possible treatment 

effects. Thirdly, different anti-VEGF agents, at different doses, were administered 

intravitreally at variable times from the onset of symptoms or from diagnosis of CRVO-ME. 

Fourthly, some studies included treatment with a single injection, others multiple injections 

given at variable intervals during follow up, and some studies included patients treated 

previously with intravitreal corticosteroid. Also, the numbers of patients included in these 

studies were relatively small and the follow-up periods relatively short (12 months). Without 

baseline randomization or a control or observation group to provide a valid comparison with 

the treatment arm, it was difficult to draw any conclusions about the effectiveness or safety 

of the treatments.

Agreements and disagreements with other studies or reviews

We are not aware of any other systematic reviews on the use of anti-VEGF agents for the 

treatment of CRVO-ME. However, these agents have been administered intravitreally in 

numerous other ophthalmological contexts, with similar safety findings. Studies 

investigating the efficacy and safety of repeat injections every four to six weeks for wet age-

related macular degeneration, proliferative diabetic retinopathy, diabetic ME, pathological 

myopia and neovascular glaucoma have reported no serious adverse events (Lynch 2007). 

However, the total number of treated patients remains too small, and the follow-up periods 

too short to detect serious adverse events that may occur at low incidence, or at long latency 

from the treatment period. A review of reported side effects has included lid irritation, 

ocular discomfort and foreign body sensation, transient vision blurring, subconjunctival 

hemorrhage, mild anterior chamber inflammation and mild vitritis, uveitis and raised IOP 

(Lynch 2007). Posterior vitreous detachment, retinal tears, retinal detachment and 

endophthalmitis have also been reported in a few cases (Lynch 2007; Wu 2008). Systemic 

adverse events including stroke, myocardial infarction and blood pressure elevation have 

been reported following intravenous administration at doses more than 300 times higher 

than are used for ophthalmic indications (Lynch 2007). Wu et al. reported that systemic 

adverse events have also occurred by one year of follow up in 1.5% of patients following 
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intravitreal administration of 4303 bevacizumab injections into 1310 eyes. These adverse 

events included acute systolic blood pressure elevation (0.59%), cerebrovascular accident 

(0.5%), myocardial infarction (0.4%), iliac artery aneurysm (0.17%), toe amputation 

(0.17%) and death (0.4%) (Wu 2008).

It will be important to determine the relative effectiveness and safety of anti-VEGF agents 

versus other interventions for the treatment of CRVO-ME, but no head-to-head trial data are 

available yet. Comparison with RCT data on intravitreal corticosteroids will be particularly 

interesting, but is of limited value at present. For example, the SCORE trial of 1 mg or 4 mg 

intravitreal triamcinolone injection at four-month intervals versus observation (SCORE 

2009) and the Ozurdex trial of a single 0.35 mg or 0.7 mg dexamethasone implant versus 

sham procedure (Haller 2010) used different primary outcome measures and different 

periods of follow up. Furthermore, differences in the outcomes of the sham and observation 

groups in these trials suggest that participants recruited to each trial were, on average, 

different to those recruited to the anti-VEGF trials. For example, in the observation group of 

the SCORE trial, fewer participants (7%) gained 15 letters or more at 12 months, compared 

to the sham groups of the Ozurdex trial at 180 days (12%), the CRUISE trial at six months 

(17%) and the trial by Wroblewski et al. at 30 weeks (28%).

AUTHORS’ CONCLUSIONS

Implications for practice

In summary, the available RCT evidence suggests that repeated treatment of non-ischemic 

CRVO-ME with the anti-VEGF agents ranibizumab or pegaptanib sodium may improve 

numerous outcomes at six months. However, their effectiveness and safety over longer 

periods of follow up has yet to be determined, and there are no RCT data on their use in the 

treatment of ischemic CRVO-ME. The optimal timing of initial treatment with different 

anti-VEGF agents and subsequent re-treatment has not yet been determined. Furthermore, 

the impact of prior or combined treatment with intravitreal corticosteroid, or other 

treatments, also needs to be explored, and different subgroups of patients may have different 

outcomes. For example, patients with differing degrees of ischemias at the onset of CRVO-

ME, and with differing durations of CRVO-ME may represent important subgroups. 

However, the identification of such subgroups is limited by a lack of population-based data 

on the risk factors for, and prevalence of, CRVO-ME, and a paucity of data on the natural 

history and visual prognosis of untreated CRVO-ME. The outcomes of the numerous RCTs 

that are currently in progress (see table on the ‘Characteristics of ongoing studies’) will 

address some of these questions. It is therefore too early to recommend the use of anti-

VEGF agents for the treatment of CRVO-ME in clinical practice. It is also not yet possible 

to determine the potential economic impact of the use of anti-VEGF agents in this clinical 

context, but this will be reassessed if data become available.

Implications for research

Many important questions remain unanswered by the existing studies. Future research 

should focus on double-masked RCTs that compare different anti-VEGF agents, at different 

doses and treatment intervals, to sham injection. RCTs comparing different anti-VEGF 
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agents to observation alone would also give valuable insight into the untreated history of 

CRVO-ME without any placebo effect. It will be important for studies to define subgroups 

of patients with ischemic versus non-ischemic CRVO-ME, or to specify the degree of 

ischemias at baseline and during follow-up. Studies that include patients with CRVO-ME 

and BRVO-ME within the same treatment arm will need to stratify by the type of RVO at 

the time of randomization and when analyzing outcomes. It will also be important to 

consider separately patients who have received prior treatment with other agents (e.g. 

intravitreal triamcinolone). A further variable to consider in any analysis will be time since 

onset of symptoms. Further epidemiological data from different populations on the risk 

factors for developing ME in CRVO are also needed. The answers to such questions would 

valuably inform future economic analyses.
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APPENDICES

Appendix 1. CENTRAL search strategy

#1 MeSH descriptor Macular Edema, Cystoid

#2 MeSH descriptor Edema

#3 MeSH descriptor Macula Lutea

#4 macula* near/3 oedema

#5 macula* near/3 edema

#6 CME or CMO

#7 (#1 OR #2 OR #3 OR #4 OR #5 OR #6)

#8 MeSH descriptor Retinal Vein Occlusion

#9 MeSH descriptor Retinal Vein

#10 retina* near/3 (vein* or occlu* or obstruct* or clos* or stricture* or steno* or 

block* or embolism*)
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#11 CRVO or CVO or RVO

#12 (#8 OR #9 OR #10 OR #11)

#13 MeSH descriptor Angiogenesis Inhibitors

#14 MeSH descriptor Angiogenesis Inducing Agents

#15 MeSH descriptor Endothelial Growth Factors

#16 MeSH descriptor Vascular Endothelial Growth Factors

#17 macugen* or pegaptanib* or lucentis* or rhufab* or ranibizumab* or 

bevacizumab* or avastin

#18 anti near/2 VEGF*

#19 endothelial near/2 growth near/2 factor*

#20 (#13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19)

#21 (#7 AND #12 AND #20)

Appendix 2. MEDLINE search strategy

1. randomized controlled trial.pt.

2. (randomized or randomised).ab,ti.

3. placebo.ab,ti.

4. dt.fs.

5. randomly.ab,ti.

6. trial.ab,ti.

7. groups.ab,ti.

8. or/1-7

9. exp animals/

10. exp humans/

11. 9 not (9 and 10)

12. 8 not 11

13. exp macular edema cystoid/

14. exp edema/

15. exp macula lutea/

16. (macula$ adj3 oedema).tw.

17. (macula$ adj3 edema).tw.

18. (CME or CMO).tw.
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19. or/13-18

20. exp retinal vein occlusion/

21. exp retinal vein/

22. ((vein$ or occlu$ or obstruct$ or clos$ or stricture$ or steno$ or block$ or 

embolism$) adj3 retina$).tw.

23. (CRVO or CVO or RVO).tw.

24. or/20-23

25. exp angiogenesis inhibitors/

26. exp angiogenesis inducing agents/

27. exp endothelial growth factors/

28. exp vascular endothelial growth factors/

29. (macugen$ or pegaptanib$ or lucentis$ or rhufab$ or ranibizumab$ or bevacizumab

$ or avastin).tw.

30. (anti adj2 VEGF$).tw.

31. (endothelial adj2 growth adj2 factor$).tw.

32. or/25-31

33. 19 and 24 and 32

The search filter for trials at the beginning of the MEDLINE strategy is from the published 

paper by Glanville (Glanville 2006).

Appendix 3. EMBASE search strategy

1. exp randomized controlled trial/

2. exp randomization/

3. exp double blind procedure/

4. exp single blind procedure/

5. random$.tw.

6. or/1-5

7. (animal or animal experiment).sh.

8. human.sh.

9. 7 and 8

10. 7 not 9

11. 6 not 10

12. exp clinical trial/
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13. (clin$ adj3 trial$).tw.

14. ((singl$ or doubl$ or trebl$ or tripl$) adj3 (blind$ or mask$)).tw.

15. exp placebo/

16. placebo$.tw.

17. random$.tw.

18. exp experimental design/

19. exp crossover procedure/

20. exp control group/

21. exp latin square design/

22. or/12-21

23. 22 not 10

24. 23 not 11

25. exp comparative study/

26. exp evaluation/

27. exp prospective study/

28. (control$ or propspectiv$ or volunteer$).tw.

29. or/25-28

30. 29 not 10

31. 30 not (11 or 23)

32. 11 or 24 or 31

33. exp retina macula cystoid edema/

34. exp eye edema/

35. exp retina macula lutea/

36. (macula$ adj3 oedema).tw.

37. (macula$ adj3 edema).tw.

38. (CME or CMO).tw.

39. or/33-38

40. exp retinal vein occlusion/

41. exp retina vein/

42. ((vein$ or occlu$ or obstruct$ or clos$ or stricture$ or steno$ or block$ or 

embolism$) adj3 retina$).tw.

43. (CRVO or CVO or RVO).tw.
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44. or/40-43

45. exp angiogenesis/

46. exp angiogenesis inhibitors/

47. exp angiogenic factor/

48. exp endothelial cell growth factor/

49. exp vasculotropin/

50. (macugen$ or pegaptanib$ or lucentis$ or rhufab$ or ranibizumab$ or bevacizumab

$ or avastin).tw.

51. (anti adj2 VEGF$).tw.

52. (endothelial adj2 growth adj2 factor$).tw.

53. or/45-52

54. 39 and 44 and 53

55. 32 and 54

Appendix 4. LILACS search strategy

macula$ oedema or macula$ edema or CME or CMO

AND vein$ or occlu$ or obstruct$ or CRVO or CVO or RVO

AND angiogenesis or endothelial growth factor or macugen$ or pegaptanib$ or lucentis

$ or rhufab$ or ranibizumab$ or bevacizumab$ or avastin

Appendix 5. CINAHL search strategy

macula$ oedema or macula$ edema or CME or CMO

AND vein$ or occlu$ or obstruct$ or CRVO or CVO or RVO

AND angiogenesis or endothelial growth factor or macugen$ or pegaptanib$ or lucentis 

or rhufab$ or ranibizumab$ or bevacizumab$ or avastin

Appendix 6. OpenSIGLE search strategy

macula* oedema or macula* edema or CME or CMO

AND vein* or occlu* or obstruct* or CRVO or CVO or RVO

AND angiogenesis or endothelial growth factor or macugen* or pegaptanib* or lucentis 

or rhufab* or ranibizumab* or bevacizumab* or avastin

Appendix 7. metaRegister of Controlled Trials search strategy

(angiogenesis or endothelial growth factor) AND macula oedema
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Appendix 8. ClinicalTrials.gov search strategy

(Angiogenesis or Endothelial Growth Factor) AND (Macula Oedema)

DATA AND ANALYSES

Comparison 1. Anti-VEGF versus sham intravitreal injection

Outcome or subgroup 
title

No. of studies No. of participants Statistical method Effect size

1 15 letter or more gain 
in visual acuity 
(ETDRS Chart)

2 Risk Ratio (M-H, Fixed, 95% 
CI)

Totals not selected

 1.1 Ranibizumab 0.3 
mg

1 Risk Ratio (M-H, Fixed, 95% 
CI)

Not estimable

 1.2 Ranibizumab 0.5 
mg

1 Risk Ratio (M-H, Fixed, 95% 
CI)

Not estimable

 1.3 Pegaptanib 
sodium 0.3 mg

1 Risk Ratio (M-H, Fixed, 95% 
CI)

Not estimable

 1.4 Pegaptanib 
sodium 1.0 mg

1 Risk Ratio (M-H, Fixed, 95% 
CI)

Not estimable

Analysis 1.1. 
Comparison 1 Anti-VEGF versus sham intravitreal injection, Outcome 1 15 letter or more 

gain in visual acuity (ETDRS Chart).

HISTORY

Protocol first published: Issue 3, 2008

Review first published: Issue 10, 2010
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

We decided to limit the scope of this review to RCTs comparing anti-VEGF agents to 

placebo or observation

groups. Whilst there are presently no RCTs in which anti-VEGF agents are compared only 

to other interventions (such as corticosteroids), such head-to-head RCTs will not be included 

in future updates of this review, in order to maintain the review’s focus amidst a rapidly 

expanding literature.

The primary outcome has been changed from a greater than or equal to 10 letter (ETDRS) 

improvement in visual acuity, to greater than or equal to 15 letter (ETDRS) improvement in 

visual acuity, as the latter corresponds to a doubling of the visual angle and is the standard 

binary outcome measure in clinical trials of treatments in retinal disease (Beck 2007). The 

follow-up interval is unchanged, at six months.

A secondary binary outcome, of a 15 letter or more (ETDRS) reduction in visual acuity at 

six months, has been added to more clearly report the proportion of patients experiencing a 

significant deterioration in visual acuity.
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Figure 1. 
Risk of bias graph: review authors’ judgements about each risk of bias item presented as 

percentages across all included studies.
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Table 2

Case reports

Study Patient demographics Diagnosis and baseline Drug and dose Outcomes

Matsumoto 2007 49 years, male CRVO-ME Single bevacizumab 1.25 
mg

At 1 m f/u, VA 20/60, CRT 199 
μm

VA 5/400 At 2 m f/u VA 20/400, CRT 1013 
μm

CRT 871 μm

Spandau 2006 68 years, male Non-ischemic CRVO-ME Single bevacizumab 1.5 
mg

At 2 m f/u, VA 20/25, CRT 217 
μm

VA 20/200

CRT 662 μm

CME: cystoid macular edema
CRT: central retinal thickness
CRVO: central retinal vein occlusion
f/u: follow up
ME: macular edema
mg: milligram
VA: visual acuity
m: month
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Table 3

Details of other excluded non-RCTs

Study name Study details

Ach 2007 Prospective case series of bevacizumab for mixed pathologies including RVO-ME (n = 3) but no data on CRVO-ME 
specifically

Byeon 2007 Retrospective case series of bevacizumab for mixed pathologies including RVO-ME, of which n = 3 CRVO-ME, but no 
data on CRVO-ME specifically

Kriechbaum 2009 Prospective case series of bevacizumab for n= 28 patients with RVO-ME, to investigate the association between 
functional and anatomical retinal changes using microperimetry and spectral domain OCT. Data specific to CRVO-ME 
not reported

Rosenfeld 2005 Case report of bevacizumab for CRVO-ME in a patient previously treated with IVTA

Sakamoto 2009 Prospective case series of bevacizumab for n = 31 with RVO-ME, including n = 14 with CRVO-ME. Data specific to 
CRVO-ME not reported

Shetty 2008 Prospective case series of bevacizumab for mixed etiologies of ME, of which n = 5 with CRVO-ME, but no data on 
CRVO-ME specifically

Spaide 2009 Prospective case series of ranibizumab for patients with decreased visual acuity associated with CRVO (i.e. not specific to 
patients with ME at baseline). n = 11 had prior treatment with bevacizumab, and of these n = 3 also had prior treatment 
with IVTA. Data for patients with CRVO-ME at baseline and no prior treatment not reported specifically

Wu 2008 Retrospective multicenter case series of bevacizumab given for different indications (n = 1173), reporting 12-month safety 
data for combined pathologies (of which n = 66 CRVO, but specific data not given)

CRVO: central retinal vein occlusion
IVTA: intravitreal triamcinolone
ME: macular edema
RCT: randomized controlled trial
RVO: retinal vein occlusion
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Characteristics of included studies [ordered by study ID]

CRUISE 2010

Methods Study design: double-masked, randomized, sham injection-controlled trial

Loss to follow-up: 2.3% in 0.3 mg group, 8.5% in 0.5 mg group, 11.5% in sham group

Study duration: 6 months

Participants Country: USA (95 centers)

Enrolment: n = 392 patients with non-ischemic* (except n = 2 with ischemic) CRVOME

Age: 18 and older (mean 68 years)

Gender: female and male (female 43%, 57% male)

Mean time from diagnosis to screening: 3.3 months

Mean study eye baseline BCVA: 48.3 letters (~20/100 Snellen equivalent)

Mean baseline CFT 685.2 μm

Inclusion criteria: 18 years or older; diagnosis of CRVO-ME within 12 months of study initiation; BCVA 
20/40 to 20/320 Snellen equivalent in study eye using ETDRS chart; mean Central Retinal Thickness on 
2 OCT scans of 250 μm or greater at baseline screening and on day of first treatment.

Exclusion criteria: prior treatment with radial optic neurotomy or sheathotomy, intraocular corticosteroid 
use in study eye within 3 months of day 0, intraocular anti-VEGF in study or fellow eye within 3 months 
before day 0 or systemic anti-VEGF or pro-VEGF treatment within 6 months of day 0; prior panretinal or 
sectoral scatter photocoagulation within 3 months before day 0 or anticipated within 4 months after day 
0; laser photocoagulation for macular edema within 4 months before day 0; prior episode of RVO; wet or 
dry ARMD or any diabetic retinopathy; presence of a brisk relative afferent pupillary defect; CVA or MI 
within 3 months of day 0; more than 10 letter improvement in BCVA between screening and treatment 
day 0

*Non-ischemic CRVO defined as ≤ 10 disc areas of capillary non-perfusion on FFA

Interventions Intervention #1 (n = 130): 0.5 mg ranibizumab every month for 6 months (6 injections)

Intervention #2 (n = 132): 0.3 mg ranibizumab every month for 6 months (6 injections)

Intervention #3 (Control) (n = 130): sham injection every month for 6 months (6 injections)

General instructions/treatments: all participants received topical then subconjunctival anesthetic. Sham 
participants did not have scleral penetration; blunt pressure was applied to the globe without a needle.

Outcomes Primary outcome: mean change from baseline BCVA at month 6

Secondary outcomes: 1) Mean change from baseline BCVA over time to month 6; 2) Percentage of 
patients who gained 15 letters or more from baseline BCVA at month 6; 3) Percentage of patients who 
lost 15 letters or more from baseline BCVA at month 6; 4) Percentage of patients with CFT ≤ 250 μm at 
month 6; 5) Mean change from baseline CFT over time to month 6

Exploratory efficacy outcomes included the percentage of patients with Snellen equivalent BCVA 20/200 
or worse at month 6, mean change from baseline excess foveal thickness over time to month 6 (CFT 
minus 212 μm), and mean change from baseline NEI VFQ-25 composite score over time to month 6. 
Additional outcomes included the percentage of patients with Snellen equivalent BCVA ≥ 20/40 at 
month 6 (an outcome generally considered sufficient to support reading and driving). Safety outcomes 
included the incidence and severity of ocular and non-ocular adverse events and serious adverse events.

Measurements taken at:

Examination and OCT-day 0 and day 7, months 1 to 6

Patient-reported visual function assessed with the NEI VFQ-25 at day 0 and months 1, 3 and 6

FFA-at screening visit, prior to day 0

Unit of analysis: eye

No economic data included

Notes Study dates: July 2007 to December 2008

Funding source: Genentech, Inc., South San Francisco, California

Cochrane Database Syst Rev. Author manuscript; available in PMC 2015 January 22.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Braithwaite et al. Page 39

Publication language: English

Risk of bias

Item Authors’ judgement Description

Adequate sequence generation? Yes Quote: “patients were randomized 1:1:1”. “using a dynamic randomization 
method.”

“Randomization was stratified by baseline BCVA letter score”. “and study 
center.”

Allocation concealment? Unclear The method of allocation concealment was not described.

Comment: Probably done.

Blinding? Yes Quote: “Patients, certified BCVA examiners, and evaluating physicians were 
masked to treatment and dose.”

All outcomes Quote: “Injecting physicians, who did not perform examination or outcome 
assessments, were masked to dose but not treatment.”

Incomplete outcome data 
addressed?

Unclear Quote: “the intent-to-treat approach was used for efficacy analyses and included 
all patients as randomized. Missing values for efficacy outcomes were imputed 
using the last-observation-carried-forward method” The percentage of patients 
completing 6 months follow-up was 97.7% (n = 129) in the 0.3 mg group, 
91.5% (n = 119) in the 0.5 mg treatment group, and 88.5% (n = 115) in the 
sham group. The most common reason for withdrawal from the study was, “a 
decision made by the physician or patient to do so.” Furthermore, not all 
participants completing the study to 6 months received all six monthly 
injections. Specifically, n = 4 (3.0%) in the 0.3 mg group, n = 10 (7.7%) in the 
0.5 mg group and 16 (n = 12.3%) in the sham group discontinued treatment at 
or before month 5. This unbalanced loss to follow-up may have introduced bias 
in the reported outcomes.

All outcomes

Free of selective reporting? Yes The study protocol was accessed on ClinicalTrials.gov, and all of the study’s 
pre-specified primary and secondary outcomes have been reported in the pre-
specified way.

Free of other bias? Unclear 4 patients, 1 in the sham group and 3 in the 0.5 mg group, were included whose 
time from diagnosis to screening exceeded the specified inclusion criteria of up 
to 12 months. The greatest duration included was 27 months, for a participant in 
the 0.5 mg group.

Comment: The inclusion of outliers with a longer duration of CRVO-ME before 
treatment initiation is likely to reduce the apparent benefit of treatment, thus 
introducing a low risk of bias in the reported outcomes.

3 patients (2%) in the 0.5 mg group had more than 10 disc areas of capillary 
non-perfusion, specifically 112, 113 and 109 disc areas, compared to no patients 
in either the sham or 0.3 mg groups.

Comment: Since these three patients were not excluded we assume that they did 
not have a brisk afferent pupillary defect. However, they may have had more 
ischemic CRVO-ME than the other participants in the trial and since all three 
were in the 0.5 mg treatment group this may have introduced a bias in the 
outcomes.

Patients with a baseline BCVA falling outside the specified inclusion range of 
20/ 40 (~70 letters (Gregori 2010) to 20/320 (~25 letters) were included. The 
number of patients with BCVA better than 20/40 or worse than 20/320, by 
group, cannot be determined from the data presented, although the range in 
BCVA (letters) was reported to be 16 to 71 letters in the sham group, 9 to 72 
letters in the 0.3 mg group and 21 to 73 letters in the 0.5 mg group. The 
participants were stratified according to BCVA (in letters) of ≤ 34 (~20/200), 35 
to 54 and ≥ 55 (~20/80), with similar proportions of each strata in each group.

Comment: There is no reason why the range of baseline BCVAs should not be 
broader than that specified in the protocol, and the inclusion of participants with 
a poorer baseline BCVA than that pre-specified should not introduce bias, 
providing a similar proportion of such participants were distributed across the 
three groups.
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Wroblewski 2009

Methods Study design: double-masked, randomized controlled trial

Loss to follow up: 7 withdrawals (7%)

Study duration: 30 weeks

Participants Country: Australia, France, Germany, Israel, Spain, United States

Enrolment: 98 eyes with non-ischemic CRVO-ME

Age: 18 and older (mean 62.6 years)

Gender: female and male (46 female, 52 male)

Mean time from diagnosis to screening: 77 to 82 days

Mean study eye baseline BCVA: 47.6 to 48.5 letters (Snellen equivalent 20/100)

Mean baseline CFT μm: 632 to 688 μm

Inclusion criteria: 18 years or older, onset of symptoms 6 months or less before baseline measurement, 
BCVA of 65 to 20 ETDRS letters inclusive (~20/50 to 20/400 Snellen equivalent) in study eye, BCVA of 
better than or equal to 35 letters (~20/200) in fellow eye, central retinal thickness of 250 μm or greater at 
baseline and on day of first treatment Exclusion criteria: history of subtenon corticosteroid injection; 
prior panretinal or sectoral scatter photocoagulation; signs of old BRVO or CRVO in study eye; other 
retinal vascular disease; presence of a brisk relative afferent pupillary defect (an indicator for ischemic 
CRVO); evidence of any neovascularization involving the iris, disc or retina; vitreous hemorrhage except 
from breakthrough intraretinal hemorrhage; clinically significant concomitant ocular disease

Interventions Intervention #1: 0.3 mg pegaptanib sodium every 6 weeks for 24 weeks (5 injections)

Intervention #2: 1.0 mg pegaptanib sodium every 6 weeks for 24 weeks (5 injections)

Intervention #3 (Control): sham injections every 6 weeks for 24 weeks (5 injections)

General instructions/treatments: all participants received injected subconjunctival anesthetic. Sham 
participants did not have scleral penetration; blunt pressure was applied to the globe without a needle.

Outcomes Primary outcome: percentage of eyes in each group gaining 15 letters or more of visual acuity at 30 
weeks compared to baseline

Secondary outcomes: 1) Mean change in BCVA from baseline to week 30; 2) Percentage of eyes losing 
15 or more letters of BCVA from baseline to week 30; 3) Percentage of eyes with BCVA of 35 letters or 
more (20/200 or better) at week 30; 4) Mean change in center point and central subfield retinal thickness 
measured by OCT at week 30 compared to baseline, and at interval assessments; 5) Percentage of eyes 
developing retinal or iris neovascularization; 6) Incidence of ocular and systemic adverse events

Measurements taken at:

Examination - baseline (week 0) and weeks 6, 12, 18, 24, 30

FFA - baseline and week 30

Color photography - baseline, week 12, week 30

OCT - baseline, weeks 1, 3, 6, 12, 18, 24, 30

Unit of analysis: eye

No economic or QALY data included

Notes Study dates: August 2004 to September 2006

Funding source: EyeTech Inc and Pfizer Inc

Publication language: English

Risk of bias

Item Authors’ judgement Description

Adequate sequence generation? Yes Quote: “subjects were allocated equally (1:1:1)…with randomization stratified 
by center and baseline visual acuity.”
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Quote: “Treatment assignment was based on a dynamic minimization procedure 
that used a stochastic treatment allocation algorithm based on the variance 
method”

Allocation concealment? Yes Quote: “Medication kits were identified by randomization number. All kits were 
similar in appearance, regardless of dose.”

Quote: “The study coordinator conveyed the treatment assignment to the study 
ophthalmologist administering the injection in a way that did not inform the 
treating ophthalmologist or the subject”

Blinding? Yes Participants, personnel and outcome assessors were masked. Antisepsis and 
anesthetic procedures were the same for all participants including those 
receiving sham. The latter group did not have scleral penetration, but blunt 
pressure was applied to the globe without a needle to mimic penetration.

All outcomes Quote: “The injection was not administered by the study ophthalmologist 
responsible for patient care and assessments.”

Incomplete outcome data 
addressed?

Unclear Quote: “Efficacy analyses were conducted on the intent to treat population, 
which included all randomized subjects. Missing data were imputed using the 
last-observation-carried-forward method, except for repeated-measures analyses 
of variance in which no imputation of missing data was performed”

All outcomes 7 patients withdrew from the trial (3 in the 0.3 mg group, 1 in the 1.0 mg group 
and 3 in the sham group). The percentage of patients receiving all 5 planned 
injections was 81% in the 0.3 mg group, 90% in the 1 mg treatment group, and 
88% in the sham group.

Comment: Given the small sample size in this study, this unbalanced loss to 
follow-up may have introduced bias in the reported outcomes.

Free of selective reporting? Unclear The study protocol was accessed on ClinicalTrials.gov, however primary and 
secondary outcomes were not pre-specified. Both positive and negative, and 
significant and non-significant, outcomes were reported for all 3 groups and 
there does not appear to be any selective outcome reporting, but we cannot be 
sure of this.

Free of other bias? Yes The mean time between occlusive event and study entry was similar between 
groups, at 81, 82 and 77 days in the 0.3 mg, 1 mg and sham groups, 
respectively. Comment: We assume that all participants had a duration of less 
than 6 months, but the range of durations since onset was not reported.

ARMD: age-related macular degeneration
BCVA: best-corrected visual acuity
BRVO: branch retinal vein occlusion
CFT: central foveal thickness
CRT: central retinal thickness
CRUISE: Ranibizumab for the Treatment of Macular Edema after Central Retinal Vein Occlusion Study: Evaluation of Efficacy and Safety
CRVO: central retinal vein occlusion
CVA: cerebrovascular accident
ETDRS: Early Treatment Diabetic Retinopathy Study
FFA: fluorescein fundus angiography
μm: micrometers
ME: macular edema
mg: milligram
MI: myocardial infarction
NEI-VFQ 25: National Eye Institute Visual Functioning Questionnaire 25 question instrument
OCT: ocular coherence tomography
PRP: pan-retinal photocoagulation
QALY: quality of life
RVO: retinal vein occlusion
VEGF: vascular endothelial growth factor
Wroblewski Study: pegaptanib sodium for macular edema secondary to central retinal vein occlusion
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Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Byeon 2009 Randomized controlled trial comparing adjuvant topical treatment with an aqueous depressant (timolol-dorzolamide) twice 
daily for 9 weeks, to no adjuvant treatment (control), in patients receiving a single injection of 1.25 mg bevacizumab for ME 
resulting from retinal vein occlusion, with 9-week follow up. Of 19 patients in each arm, only 5 in the adjuvant treatment group 
and 4 in the control group had CRVO-ME, with the remainder having BRVOME. Subgroup analysis of outcomes in the CRVO-
ME group was not reported and the small CRVO-ME subgroup alone had insufficient power to address the null hypothesis of 
no difference between groups in the elimination of bevacizumab, as estimated by a change in central retinal thickness on OCT, 
at 1, 5 and 9 weeks follow up.

BRVO: branch retinal vein occlusion
CRVO: central retinal vein occlusion
ME: macular edema
mg: milligrams
OCT: ocular coherence tomography
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Characteristics of ongoing studies [ordered by study ID]

Aleris Helse Study

Trial name or title A randomized study comparing ranibizumab to sham in patients with macular edema secondary to CRVO

Methods Double-masked randomized controlled trial (phase III)

Participants Male and female patients aged 50 years and older with both ischemic and non-ischemic CRVO and VA reduction to 
between 6 ETDRS letters (at 1 m) and 73 letters (at 4 m) inclusive in the study eye, for ≤ 6 months with OCT-
confirmed ME

Interventions 0.5 mg ranibizumab versus sham intravitreal injection given monthly for 3 months followed by reinjection if ME for a 
total of 6 months

Outcomes Primary: mean change from baseline in BCVA score at 6 months

Secondary: mean change from baseline in CRT and score on the NEI VFQ-25 near activities subscale

Starting date March 2007

Contact information Bettina Kinge, Bettina.Kinge@retinaklinikken.no

Notes Completed. Results in press but not yet available

BRAVO Study

Trial name or title Efficacy and Safety of Lucentis for Clinically Significant Macular Edema Secondary to Central Retinal Vein Occlusion 
(BRAVO)

Methods Randomized, open label, controlled, two-center phase II study

Participants Male and female patients aged over 18 years with CRVO and ME persisting for more than 3 months despite 
conventional medication, with BCVA less than 64 ETDRS letters in the study eye. Patients treated previously with 
IVTA or macular grid laser excluded.

Interventions Intravitreal ranibizumab injection monthly for 3 months, with further injection if VA reduces by more than 5 letters at 
any of the monthly follow-up visits, versus patients treated on an ’as needed’ basis with argon laser PRP or macular 
grid laser

Outcomes Primary: mean change in BCVA (ETDRS chart) from baseline to 12 months

Secondary: change in CRT on OCT

Starting date August 2009

Contact information Zsolt Balla, University of Pecs, Dept of Ophthalmology, Hungary. balla07@freemail.hu

Notes Currently recruiting patients (ClinicalTrial.Gov last checked on 18 June 2010)

Maturi, R.K.

Trial name or title Single site, masked, randomized, controlled study to assess efficacy of Osurdex as adjunct to Avastin compared with 
Avastin alone in the treatment of patients with macular edema secondary to central or branch retinal vein occlusion

Methods Masked, randomized, controlled phase IV study

Participants Male and female adults aged 18 years and over with BRVO or CRVO of less than one year duration with ME > 250 
microns on OCT and VA greater than 24 letters and less than 80 letters in the study eye

Interventions Baseline 1.25mg bevacizumab intravitreal injection in both groups, with sham implant versus Osurdex 0.7 mg implant. 
Re-treatment with bevacizumab 1.25 mg as required for persisting ME in both groups
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Outcomes Primary: visual acuity at 6 months

Secondary: number of injections needed over 6 months

Starting date March 2010

Contact information Laura Bleau, eyeresearch2000@yahoo.com

Notes Currently recruiting patients (ClinicalTrial.Gov last checked on 18 June 2010)

Regeneron Study

Trial name or title Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of Efficacy and Safety in Central Retinal Vein 
Occlusion (Regeneron 2010)

Methods Randomized, double-masked, controlled phase III study

Participants Male and female patients aged 18 years and older with center-involved ME secondary to CRVO with mean CRT ≥ 250 
microns on OCT, and ETDRS VA of 20/40 to 20/320 (73 to 24 letters) in the study eye

Interventions Monthly intravitreal injection of VEGF Trap-Eye 2.0 mg versus sham injection until week 24

Outcomes Primary: improvement in VA versus baseline after 24 weeks

Secondary: CRT on OCT at 24 weeks

Starting date July 2009

Contact information Robert Vitti, Regeneron Pharmaceuticals

Notes Currently recruiting patients (ClinicalTrial.Gov last checked on 18 June 2010)

St Erik Eye Study

Trial name or title Bevacizumab for Central Retinal Vein Occlusion Study (St. Eriks Eye Hospital 2009)

Methods Phase III randomized, double-masked, controlled clinical trial

Participants Male and female patients with CRVO duration less than 6 months and BCVA 20/800 to 20/50

Interventions 1.25 mg bevacizumab versus sham intravitreal injection

Outcomes Primary: the proportion of patients gaining 15 ETDRS letters or more at 6 months

Secondary: change in CRT and cases of neovascular glaucoma at 6 months

Starting date May 2009

Contact information David Epstein, david.epstein@sankterik.se

Notes Currently recruiting patients (ClinicalTrial.Gov last checked on 18 June 2010)

BCVA: best-corrected visual acuity
BRVO: branch retinal vein occlusion
CRT: central retinal thickness
CRVO: central retinal vein occlusion
ETDRS: Early Treatment Diabetic Retinopathy Study
IVTA: intravitreal triamcinolone
μm: micrometers
m: meter
ME: macular edema
mg: milligram
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NEI-VFQ: National Eye Institute Visual Functioning Questionnaire
OCT: ocular coherence tomography
PRP: pan-retinal photocoagulation
VA: visual acuity
VEGF: vascular endothelial growth factor
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