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Abstract
This review assessed the real-world evidence of the management of macular oedema secondary to branch retinal vein
occlusion (BRVO). A meta-analysis of 2530 eyes from 48 real-world studies of therapies for macular oedema secondary to
BRVO was conducted. Baseline characteristics, visual, anatomical and safety outcomes were recorded. The weighted mean
and weighted estimates from random-effects models were calculated for visual acuity (VA) and central subfield thickness
(CST) changes at 6, 12 and 24 months. Primary outcome was change in VA (logMAR letters) at 12 months. Study quality
was assessed using the quality appraisal checklist for case series developed by Institute of Health Economics. The mean
baseline VA for the pooled data was 54.0 (51.5, 56.5) letters and the mean baseline CST was 501.3 (483.5, 519.1) µm. The
random-effects estimate for mean (95% CI) change in VA was 14.6 (12.5, 16.7) letters at 12 months (n= 1727). The
random-effects estimate for mean (95% CI) change in CST was −181.7 (−230.7, −132.7) µm at 12 months (n= 1325).
The quality of studies varied considerably. Ocular and systemic adverse events were discussed in 79% and 42% of treatment
arms respectively, with possible under-reporting. Visual and anatomical gains achieved in the real-world for anti-VEGF
therapy were not as impressive as seminal RCTs, possibly due to reduced injection frequency in the real world and
differences in baseline characteristics. There is an urgent need for consensus on the minimum efficacy, treatment burden and
safety data to collect to strengthen the real-world evidence base.

Introduction

The leading cause of vision impairment in branch retinal
vein occlusion (BRVO) is persistent macular oedema,
which if left untreated can permanently disrupt the macular
architecture [1]. There are a range of treatments currently
available for managing macular oedema secondary to

BRVO that have been investigated in randomised controlled
trials (RCTs). The question is whether these RCT results
can be replicated in the real world.

The Branch Vein Occlusion Study (BVOS) was a land-
mark trial published in 1984 assessing macular grid laser for
BRVO. It established grid laser as the first-line therapy of
macular oedema secondary to BRVO for subsequent dec-
ades. More participants in the grid laser group (65%) had
ten or more letter vision gain at 36 months compared with
the placebo group (37%) at 36 months [2].

Intravitreal corticosteroid therapies, which inhibit
numerous local inflammatory modulators and vascular
endothelial growth factor (VEGF), then emerged [3]. The
Standard Care versus Corticosteroids for Retinal Vein
Occlusion (SCORE) study found no difference in visual
acuity (VA) and macular centre point thickness at 12 months
between patients treated with 1 and 4 mg triamcinolone
and grid photocoagulation, but there were higher rates of
adverse events particularly elevated intraocular pressure
(IOP) and cataract in the group treated with 4 mg of triam-
cinolone [4].
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Intravitreal dexamethasone implants for BRVO were
evaluated as part of the Global Evaluation of implantable
dexamethasone in retinal vein occlusion with macular
edema (GENEVA) trial which reported a 15 letter VA gain
at 180 days in 41% of the dexamethasone implant 0.7 mg
group, 40% in the 0.35 mg group and 23% in the sham
group [5]. A 6-month extension of the GENEVA study
examined safety outcomes at 12 months [6]. Only combined
BRVO and CRVO data were reported; there was greater
cataract progression in the 29% of eyes re-treated with
dexamethasone implants compared with 6% of eyes that
received a single implant [6]. IOP-lowering medications
were started in 26% of eyes in the initial dexamethasone
treatment groups and in additional 10% of those who had a
second implant [6].

More recently intravitreal anti-VEGF therapies have
become available and are often first-line treatment for
macular oedema secondary to BRVO [7]. Ranibizumab has
been the anti-VEGF agent most widely investigated in
RCTs, first in the Branch Retinal Vein Occlusion: Evalua-
tion of Efficacy and Safety (BRAVO) study [8, 9], then in
HORIZON [10], an open-label, single-arm extension trial
for BRAVO and other phase III ranibizumab studies and
subsequently the extended follow-up of patients with
macular oedema due to bRanch rETinal vein occlusion or
centrAl retinal veIn occlusioN previously treated with
intravitreal ranibizumab (RETAIN) study [11]. Overall,
patients who received ranibizumab had greater visual gains
and greater central foveal thickness (CFT) reductions
compared with patients who received sham treatment at
6 months [8] and after crossover to ranibizumab, the sham
group experienced visual gains but not to the same level of
improvement as other groups which were treated with
ranibizumab early on [9]. This reinforced the importance of
initiating treatment early. Ranibizumab was compared
against macular laser in the BRIGHTER study, where
ranibizumab groups had superior outcomes compared with
the laser monotherapy group at 6 months and 24 months
[12, 13]. Overall, the BRIGHTER study results suggested
that addition of laser did not lead to better visual outcomes
and did not reduce the number of ranibizumab injections
(11.4 vs. 11.3; p= 0.4259) [13].

The VIBRANT study was a randomised, double-
masked phase III trial that evaluated whether aflibercept
was superior to grid laser for macular oedema secondary to
BRVO [14, 15]. Monthly aflibercept led to greater vision
gains and central retinal thickness (CRT) reduction at
6 months compared with the macular laser arm [14].
At 24 weeks the laser arm was allowed rescue therapy with
aflibercept. The CRT and BCVA improved at 52 weeks
when aflibercept was added, however the improvement
was not as great as those eyes treated initially with afli-
bercept [15].

The MARVEL study was a small trial involving 75 par-
ticipants compared intravitreal injections of bevacizumab and
ranibizumab. The 6-month findings suggested no significant
difference in visual outcomes between the drugs using the ʻas
required regimeʼ, with an average of three to four injections
needed in the first 6 months [16]. The Comparison of Anti-
VEGF Agents in the Treatment of Macular Edema from
Retinal Vein Occlusion Trial (CRAVE) randomised 98
patients to ranibizumab or bevacizumab every month for
6 months and reported no difference in functional and ana-
tomical outcomes between treatment arms in the short term
[17]. The BRVO study, an RCT comparing 1.25mg bev-
acizumab against 0.5 mg ranibizumab delivered monthly to
277 patients reported no difference in visual outcomes at
6 months [18].

Ranibizumab was compared against dexamethasone
implants in the COMRADE-B [19] trial and a study by
Bandello and colleagues [20] but the trials employed dif-
ferent treatment regimens (see Table 1). COMRADE-B
reported greater visual acuity gains in patients treated with
ranibizumab compared with dexamethasone over a 6-month
study period [19] whereas Bandello and colleagues [20]
reported no significant difference in visual outcomes
between the arms, though acknowledged their study was
under-powered [20].

Other treatment options that have been explored for
treatment of macular oedema secondary to BRVO include
vitrectomy with internal limiting membrane peeling [21] or
arteriovenous sheathotomy [22, 23], and systemic haemo-
dilution [24]. These treatment options are not discussed
further here as there is not enough evidence from RCTs to
consider them current mainstream therapy.

There are multiple reviews assessing the RCT evidence
for these treatment options, including Cochrane reviews
[25, 26] and American Academy of Ophthalmology
guidelines [27]. A summary of findings from seminal RCTs
is presented in Table 1. Although RCTs are generally
considered the ‘gold standard’ for providing evidence for
efficacy and safety of therapies, results from these selected
populations may not always be generalisable to the real
world [28]. Real-world studies can also inform us as to
the long-term safety and efficacy of drugs beyond the
timeframe of the RCTs. They can also highlight different
outcomes that reflect limitations on drug availability
and reimbursement in different healthcare systems [28].
Although there may be a lower level of certainty on the
evidence hierarchy compared with RCTs, real-world data
may have better external validity and can complement
findings from RCTs [28, 29].

Here, we present a systematic review of real-world evi-
dence of the management of macular oedema secondary to
BRVO to inform clinicians and identify gaps in the evidence
base that could be addressed in future real-world studies.
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Methods

Search strategy

A systematic search of the literature was conducted on 2
September 2019, using Medline, Embase and PubMed
databases by two authors (JLA and LK) independently to
identify potentially eligible studies. Further references were
identified by manually searching included articles and
consulting experts in the field. The following multipurpose
search terms were used which looked in the Title, Original
Title, Abstract, Subject Heading, Floating Sub-heading,
Keywords, Name of Substance, Supplementary Concept
Words, Synonyms and Unique Identifier fields: ‘cystoid
macular oedema’ OR ‘cystoid macular edema’ OR ‘CME’
OR ‘CMO’ OR ‘cystoid macula oedema’ OR ‘cystoid
macula edema’ OR ‘macular oedema’ OR ‘macular edema’;
‘branch retinal vein occlusion’ OR ‘BRVO’; ‘management’
OR ‘therapies’ OR ‘therapy’ OR ‘treatments’ OR ‘treat-
ment’. The following medical subject heading terms were
also used: ‘macular edema’, ‘treatment outcomes’.

Study selection

Real-world studies of therapies for macular oedema sec-
ondary to BRVO published between 1 January 2009 and 2
September 2019 were included. Assessment of eligibility
was performed independently by two authors (JA and SA-
M) and any disagreements were discussed with a senior
author (HM). Real-world studies have inherent noise, and
therefore we have chosen to include only studies with at
least a treatment arm reporting 25 eyes at 6 months
(±2 weeks) follow-up from commencement of intervention.
Studies were included if they reported visual outcomes for
patients regardless of whether they were treatment-naïve or
not. The main interventions for macular oedema secondary
to BRVO comprised macular lasers, intravitreal corticos-
teroids and intravitreal anti-VEGF agents.

RCTs and their post hoc analyses were excluded as the
focus of this review was real-world evidence. Studies were
excluded for the following reasons: (a) if the BRVO results
could not be differentiated from central retinal vein occlu-
sion (CRVO) results, (b) if it was not possible to identify
which treatment was delivered to achieve the visual acuity
outcome, (c) non-interventional studies, (d) studies inves-
tigating switching therapies, (e) studies that did not report
on baseline and post-intervention visual acuity which we
consider core data, (f) studies that only presented subgroups
and not the full dataset of interventions, (g) follow-up data
at no clear time-point and (h) conflicting data reported. A
list of excluded studies along with corresponding reasons
for exclusion is provided (available as online supplement,
Supplementary Table A).

Data extraction and synthesis

Articles were reviewed and data were extracted by two authors
independently (JLA and SA-M). Any discrepancies were
discussed with a third senior author (HM) to reach consensus.
The following data were extracted from each report:

(1) Study design
(2) Country or region
(3) Number of eyes
(4) Mean age of patients
(5) Percentage of female patients
(6) Treatment-naïve status
(7) Treatment regimen and dosage
(8) Time to commencement of treatment
(9) Reporting of ischaemic or non-ischaemic status at the

macula and in the periphery at baseline
(10) Reporting of presence of subretinal fluid (SRF) at

baseline
(11) Reporting of hypertension, diabetes mellitus and

smoking status of patients at baseline
(12) Inclusion or reporting of high-risk group at baseline

e.g., patients with history of cardiovascular disease or
cerebrovascular disease

(13) Reporting of percentage of eyes that were pseudo-
phakic at baseline

(14) Visual acuity at baseline, 6 months, 12 months and
24 months after commencing treatment

(15) Central subfield thickness at baseline, 6 months,
12 months, 24 months after commencing treatment

(16) Mean number of intravitreal injections administered
over the follow-up period

(17) Macular laser treatment administered over the follow-
up period

(18) Need for retinal laser therapy for neovascularisation
(19) Need for rescue therapy
(20) Total number of ocular adverse events
(21) Mean number of visits over follow-up period
(22) Ocular adverse events: number of cases of

endophthalmitis, neovascularisation of disc (NVD),
neovascularisation elsewhere (NVE), neovascularisa-
tion of iris/angle (NVI/A), IOP increase requiring
IOP-lowering therapy, rubeotic glaucoma, traumatic
cataract, cataract progression, retinal detachment,
macular changes affecting vision (e.g. epiretinal
membrane, whole pigment clumping, atrophy) and
vitreous haemorrhage

Study quality was assessed using the quality appraisal
checklist for case series developed by Institute of Health
Economics (IHE) [30], as this was the preferred tool by
National Institute for Health and Care Excellence (NICE)
[31]. This was conducted independently by two authors
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(JLA and SA-M) and any discrepancies were discussed with
a senior author (HM) to reach consensus. The assessment
was based on aspects of study objective, study design, study
population, intervention and co-intervention, outcome
measure, statistical analysis and results and conclusion [31],
and criteria for aspects of the checklist were customised for
the ophthalmology studies included in this review (available
as online supplement, Supplementary Table B). Scores were
assigned to studies based on this assessment for ease of
comparison. Eyes were said to have entered the study at a
similar point of the disease if standard deviations (SD),
inter-quartile ranges or equivalent measures were reported
to be ≤6 months or if studies specified that eyes entered at a
similar point e.g., newly diagnosed or acute or chronic
stages of macular oedema [9]. The rationale for using
6 months as a cut-off comes from the finding of BRAVO, in
which patients in the control arm who experienced a delay
in ranibizumab treatment by 6 months did not achieve the
same visual gains as the patients who received ranibizumab
from the start [9].

Assumptions

If a study was not specified as single or multi-centre in
nature, or if only one location was specified, it was assumed
to be a single-centre study. If a study only reported the
number of patients, it was assumed that one eye per patient
was included. Visual acuity scores were converted to log-
MAR letters for consistency. The change and absolute visual
acuities and CST were calculated where they were not
supplied. The term CST was used as a blanket term to
include CFT, central macular thickness, central subfield
thickness and foveal centre point thickness. All numbers
were rounded to a single decimal point where applicable. If a
proportion of patients were reported to have received any
prior treatment, the cohort was assumed to be non-naïve. As
there is wide variation in how studies reported the duration
before starting treatment, we directly quoted them in the
real-world studies summary table. Duration was converted to
days if reported in a different unit. When it was uncertain as
to whether the location of ischaemia was peripheral or at the
macula, this was reported in the summary table. If studies
excluded patients with ischaemic BRVO or ischaemic
maculae, it was assumed that 0% of patients had ischaemia
at baseline. Only results from time points at which there
were 25 or more patients were included in the VA, CST and
injection number meta-analyses. When outcomes were
reported for different numbers of patients at different time
points, the outcomes for 6, 12 or 24 month time points were
preferentially extracted, even if there were a smaller number
of patients due to loss to follow up at these time points. We
avoided extracting outcomes for subgroups in included
studies, unless it was the only data available. Reported

presence of SRF and serous retinal detachment were con-
sidered to be equivalent. When dosage was not specified it
was assumed that the standard doses were used.

Statistical analysis

There was a high level of heterogeneity in treatment and
patient population between studies. We described the
characteristics and quality of each study and their outcomes
as specified in our protocol, stratified by treatment arms
defined by treatment drug and dose. Parameters described
qualitatively were not considered for quantitative meta-
analysis. For the purposes of the meta-analyses, the primary
outcome was change in VA (logMAR letters) at 12 months.
Secondary outcomes included change in VA at 6 and
24 months, change in CST at 6, 12 and 24 months and
number of treatments over 6, 12 and 24 months. Meta-
analyses could only be performed if there was more than
one included real-world study of an intervention.

Primary and secondary outcomes were pooled by calcu-
lating the mean across all studies weighted according to their
total sample size. We also calculated weighted estimates from
random-effects models to account for heterogeneity both
within and between studies. The inverse-variance method
was used to weight studies in the random-effects estimates.
Heterogeneity between studies was measured using the I2

statistic, with values of 25%, 50% and 75% denoting low,
moderate and substantial heterogeneity, respectively [32].

Mixed-effects meta-regression models were used to
estimate and compare outcomes by treatment groups with
additional adjustments for age, VA and CST at baseline for
estimates of changes in VA and CST.

The mean and standard deviation were estimated when
studies only reported the median and first and third quartiles
(Q1 and Q3). The mean was estimated as the sum of the
median, Q1 and Q3, divided by three [33]. The standard
deviation was estimated as Q3 minus Q1, divided by 1.35
[34]. If the standard deviation was not available and could
not be derived or estimated from other summary statistics,
these values were imputed using multiple imputations and
the model results pooled [35, 36].

Analyses were conducted using R version 3.6.1. The
mice package (version 3.6.0) was used for multiple impu-
tations and the metafor package (version 2.1-0) was used to
conduct meta-analyses and random-effects models [37].

Results

Included studies

The literature search returned a total of 591 articles on
Medline, 657 articles on PubMed and 1196 articles on
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Embase. Based on our inclusion and exclusion criteria, 48
articles published between 1 January 2009 and 2 September
2019 were included. Of these, 42 studies were included in
the meta-analyses. There was a total of 2530 eyes with
macular oedema across all the studies included. A summary
of the review and study selection process is presented in
Fig. 1.

Summary tables

Visual and anatomical outcomes along with treatment bur-
den findings of included real-world studies are presented as
an online supplement (Supplementary Table C). The base-
line characteristics of all included studies are listed in
Table 2. The systemic risk factors and details of additional
therapy including lasers reported in studies are presented as
online supplements (Supplementary Tables D and E,
respectively). There was no quality of life data to report in
included studies.

Description and quality evaluation of studies

The quality of studies as assessed using the adapted IHE
critical appraisal checklist is presented as an online sup-
plement (Supplementary Table F). Scores for quality of
studies ranged from 10.5 to 17.5 with a maximum of 20
points available. In particular, 24 of the 48 studies had clear
reporting of consecutive recruitment while in other studies
this was unclear. Eligibility criteria was clearly stated in all
but three studies. Of the 48 studies included in this review,
only 4 explicitly reported partial masking during CST or
BCVA assessment. It was unclear whether the further
44 studies employed masking. Moreover, the feasibility and
importance of partial or complete masking in real-world
studies have not yet been established.

Loss to follow-up was not consistently reported, with 10
of the 48 studies not reporting on loss to follow-up. Visual
and anatomical outcomes were measured appropriately in
the majority of studies, but it was noted that a variety of
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OCT technologies were used in the included studies, with
time-domain OCTs used more frequently in older studies
[38–41] and spectral-domain OCTs used frequently in more
recent studies [42–45]. In some studies, different OCT
technologies were used in different centres or over time
[41, 46]. Of the 48 studies, only 16 studies fully reported on
competing interests and sources of support.

Interventions

Treatment arms with 25 or more eyes were included in
meta-analyses. Ineligible treatment arms have been
included in the summary tables if they belonged to a study
with an eligible treatment arm. Using the criteria above,
the meta-analyses were only applied to the following
interventions:

● Intravitreal bevacizumab 1.25 mg
● Intravitreal bevacizumab 2.5 mg
● Intravitreal ranibizumab 0.5 mg
● Intravitreal dexamethasone implant 0.7 mg
● Intravitreal triamcinolone 4 mg

There were only single included real-world studies of the
following interventions: bevacizumab 2 mg, aflibercept,
grid laser, subthreshold laser, sub-tenon triamcinolone,
conbercept, ziv-aflibercept and a variety of combination
therapies.

Baseline characteristics

Weighted means and mean estimates as estimated by
random-effects models or mixed-effects models for baseline
characteristics of studies included in the meta-analysis are
presented in Table 3. The mean (95% CI) percentage of
females across all studies estimated from the random-effects
model was 52.7 (49.6, 55.8)%; the mean age was 63.9
(62.3, 65.5) years. The mean baseline VA for the pooled
data was 54.0 (51.5, 56.5) letters and the mean baseline
CST was 501.3 (483.5, 519.1) µm.

The mixed-effects model estimates for mean (95% CI)
baseline VA for real-world studies in America, Asia and
Europe, were 50.7 (41.2, 60.1), 54.5 (50.9, 58.2) and 53.8
(49.7, 58.0) letters. The mixed-effects model estimates for
mean (95% CI) baseline CST for studies from America,
Asia and Europe were 450.5 (388.0, 513.1), 514.1 (488.6,
539.7) and 497.3 (470.3, 524.4) µm.

The mean baseline age for the various monotherapies
was fairly similar, ranging from 62.1 to 65.8 years. The
mean (95% CI) baseline VA for bevacizumab 1.25 mg,
bevacizumab 2.5 mg, dexamethasone, ranibizumab and
triamcinolone was 52.0 (49.4, 54.6), 50.2 (44.4, 56.1), 53.6
(48.9, 58.3), 61.6 (57.7, 65.5) and 49.4 (45.2, 53.6) letters.

The mixed-effects estimate (95% CI) for baseline CST for
bevacizumab 1.25mg, bevacizumab 2.5mg, dexamethasone,
ranibizumab and triamcinolone was 491.9 (469.6, 514.2) µm,
507.1 (440.1, 574.1) µm, 523.5 (489.3, 557.6) µm, 508.3
(474.9, 541.7) µm and 514.3 (471.6, 557.0) µm.

Visual outcomes

Weighted outcome means, outcome measures as estimated
by random-effects models (for overall outcomes) or mixed-
effects models (for treatment-group outcomes) and hetero-
geneity (I2) across studies are presented in Table 4.

The random-effects estimate for mean (95% CI) change
in VA was 12.4 (10.4, 14.5), 14.6 (12.5, 16.7) and 13.2
(7.9, 18.6) letters at 6 months (n= 1515), 12 months (n=
1727) and 24 months (n= 491), respectively.

At 6 months, mean (95% CI) VA change for bev-
acizumab 1.25 mg, bevacizumab 2.5 mg, dexamethasone,
ranibizumab and triamcinolone was 13.1 (10.2, 15.9), 14.4
(6.8, 22), 11.8 (5.5, 18.2), 12.8 (8.4, 17.1) and 8.8 (3.3,14.3)
letters, respectively. Except for dexamethasone which
achieved a mean VA change of 10.9 (5.5, 16.2) letters,
mean VA change continued to improve further at 12 months

Table 3 Weighted means and mean estimates as estimated by random-
effects models (for overall) or mixed-effects models (for by continent)
for baseline characteristics of studies included in the meta-analysis.

Variable Number of
eyes (studies
included)

Weighted
mean

Random or mixed-
effects estimate
(95% CI)

Females, %

Overall 2378 (39) 52.5 52.7 (49.6, 55.8)

America 185 (3) 54.1 54.2 (43.6, 64.9)

Asia 1171 (19) 54.8 54.9 (50.5, 59.2)

Europe 990 (16) 49.7 50.1 (45.3, 54.8)

Multicountry 32 (1) 46.9 –

Baseline age

Overall 2267 (40) 63.9 63.9 (62.3, 65.5)

America 185 (3) 67.4 67.4 (62.0, 72.9)

Asia 1227 (20) 62.3 62.8 (60.7, 64.9)

Europe 823 (16) 65.8 65.2 (62.9, 67.6)

Multicountry 32 (1) 54.2 –

Baseline VA

Overall 2271 (40) 52.8 54.0 (51.5, 56.5)

America 185 (3) 48.7 50.7 (41.2, 60.1)

Asia 1227 (20) 53.5 54.5 (50.9, 58.2)

Europe 827 (16) 52.8 53.8 (49.7, 58.0)

Multicountry 32 (1) 54.5 –

Baseline CST

Overall 2199 (40) 503.8 501.3 (483.5, 519.1)

America 185 (3) 446.8 450.5 (388.0, 513.1)

Asia 1101 (19) 516.3 514.1 (488.6, 539.7)

Europe 881 (17) 501.0 497.3 (470.3, 524.4)

Multicountry 32 (1) 481.7 –

Mixed-effects estimates were not calculated if only a single study was
available for that continent and are indicated by a dash.
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Table 4 Weighted outcome means, outcome measures as estimated by random-effects models (for overall outcomes) or mixed-effects models (for
treatment-group outcomes), and heterogeneity (I2) across studies.

Variable Number of eyes
(studies included)

Weighted mean Random or mixed-effects
estimate (95% CI)

I2 (%)

Females, %

Overall 2378 (39) 52.5 52.7 (49.6, 55.8) 48.0

Bevacizumab 1.25 mg 1404 (23) 54.2 54.8 (50.9, 58.8)

Bevacizumab 2.5 mg 167 (3) 47.6 48.0 (37.3, 58.6)

Dexamethasone 226 (5) 51.6 52.9 (44.1, 61.8)

Ranibizumab 384 (9) 48.2 47.6 (40.8, 54.4)

Triamcinolone 197 (5) 54.3 53.1 (44.3, 62.0)

Baseline age

Overall 2267 (40) 63.9 63.9 (62.3, 65.5) 91.2

Bevacizumab 1.25 mg 1293 (24) 64.2 63.4 (61.6, 65.3)

Bevacizumab 2.5 mg 167 (3) 61.5 64.3 (60.7, 67.8)

Dexamethasone 226 (5) 63.2 65.8 (62.9, 68.6)

Ranibizumab 384 (9) 65.9 65.0 (62.1, 68.0)

Triamcinolone 197 (5) 60.2 62.1 (59.2, 65.0)

Baseline VA

Overall 2271 (40) 52.8 54.0 (51.5, 56.5) 91.2

Bevacizumab 1.25 mg 1293 (24) 52.6 52.0 (49.4, 54.6)

Bevacizumab 2.5 mg 167 (3) 47.4 50.2 (44.4, 56.1)

Dexamethasone 203 (5) 50.8 53.6 (48.9, 58.3)

Ranibizumab 411 (10) 61.2 61.6 (57.7, 65.5)

Triamcinolone 197 (5) 43.8 49.4 (45.2, 53.6)

ΔVA 6 months

Overall 1515 (26) 13.0 12.4 (10.4, 14.5) 68.2

Bevacizumab 1.25 mg 752 (14) 13.6 13.1 (10.2, 15.9)

Bevacizumab 2.5 mg 133 (2) 17.4 14.4 (6.8, 22.0)

Dexamethasone 134 (3) 12.0 11.8 (5.5, 18.2)

Ranibizumab 299 (8) 10.7 12.8 (8.4, 17.1)

Triamcinolone 197 (5) 12.2 8.8 (3.3, 14.3)

ΔVA 1 year

Overall 1727 (29) 14.1 14.6 (12.5, 16.7) 77.5

Bevacizumab 1.25 mg 1049 (20) 14.5 15.5 (13.4, 17.6)

Bevacizumab 2.5 mg 133 (2) 20.8 18.3 (11.1, 25.5)

Dexamethasone 128 (3) 9.1 10.9 (5.5, 16.2)

Ranibizumab 273 (7) 11.8 15.9 (11.3, 20.5)

Triamcinolone 144 (3) 14.1 10.8 (4.5, 17.1)

ΔVA 2 years

Overall 491 (7) 14.0 13.2 (7.9, 18.6) 64.2

Bevacizumab 1.25 mg 211 (4) 13.4 10.9 (−29.6, 51.4)

Bevacizumab 2.5 mg 133 (2) 20.0 16.1 (−39.1, 71.3)

Dexamethasone 41 (1) 3.0 –

Ranibizumab 75 (2) 9.9 12.4 (−39.0, 63.8)

Triamcinolone 31 (1) 17.5 –

Baseline CST

Overall 2199 (40) 503.8 501.3 (483.5, 519.1) 86.3

Bevacizumab 1.25 mg 1293 (24) 497.9 491.9 (469.6, 514.2)
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Table 4 (continued)

Variable Number of eyes
(studies included)

Weighted mean Random or mixed-effects
estimate (95% CI)

I2 (%)

Bevacizumab 2.5 mg 72 (2) 518.6 507.1 (440.1, 574.1)
Dexamethasone 257 (6) 500.1 523.5 (489.3, 557.6)

Ranibizumab 411 (10) 528.6 508.3 (474.9, 541.7)

Triamcinolone 166 (4) 488.5 514.3 (471.6, 557.0)

Overall 1294 (25) −167.2 −159.2 (−203.8, −114.6) 93.9

Bevacizumab 1.25 mg 662 (13) −185.4 −186.2 (−240.0, −132.5)

Bevacizumab 2.5 mg 38 (1) −198.0 –

Dexamethasone 216 (5) −154.8 −101.8 (−162.5, −41.1)

Ranibizumab 299 (8) −141.9 −161.0 (−242.6, −79.5)

Triamcinolone 79 (3) −129.0 −159.4 (−249.6, −69.2)

ΔCST 1 year

Overall 1325 (24) −190.8 −181.7 (−230.7, −132.7) 96.1

Bevacizumab 1.25 mg 829 (17) −206.6 −198.2 (−250.6, −145.9)

Bevacizumab 2.5 mg 38 (1) −194.0 –

Dexamethasone 128 (3) −184.3 −143.1 (−213.2, −73.0)

Ranibizumab 242 (6) −128.8 −189.8 (−296.9, −82.6)

Triamcinolone 88 (2) −221.3 −189.2 (−266.9, −111.6)

ΔCST 2 years

Overall 303 (5) −236.3 −209.3 (−328.1, −90.6) 93.6

Bevacizumab 1.25 mg 149 (3) −262.9 −213.2 (−501.9, 75.5)

Bevacizumab 2.5 mg 38 (1) −210.0 –

Dexamethasone 41 (1) −256.0 –

Ranibizumab 75 (2) −186.0 −184.0 (−539.3, 171.3)

Triamcinolone – – –

Injections 6 months

Overall 692 (10) 2.5 2.7 (1.9, 3.4) 98.1

Bevacizumab 1.25 mg 579 (7) 2.6 2.9 (2.1, 3.6)

Bevacizumab 2.5 mg – – –

Dexamethasone 31 (1) 1.1 –

Ranibizumab 54 (2) 3.3 3.3 (2.1, 4.5)

Triamcinolone 28 (1) 1.0 –

Injections 12 months

Overall 1337 (24) 3.5 3.6 (2.9, 4.2) 99.6

Bevacizumab 1.25 mg 882 (17) 3.7 3.4 (2.8, 4.0)

Bevacizumab 2.5 mg – – –

Dexamethasone 69 (2) 1.8 2.1 (1.4, 2.8)

Ranibizumab 273 (7) 4.2 4.9 (4.2, 5.6)

Triamcinolone 113 (2) 1.2 2.0 (1.3, 2.7)

Injections 24 months

Overall 365 (6) 5.0 5.2 (2.1, 8.3) 98.2

Bevacizumab 1.25 mg 211 (4) 5.3 5.7 (0.0, 15.3)

Bevacizumab 2.5 mg 38 (1) 4.3 –

Dexamethasone 41 (1) 2.7 –

Ranibizumab 75 (2) 5.7 5.6 (0.0, 21.9)

Triamcinolone – – –

Dashes indicate no studies (or only 1 for random- and mixed-effects estimates) were available for that treatment group. Moderators for mixed-
effects estimates analysing outcomes by treatment group included age, VA and CST measured at baseline.
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to 15.5 (13.4, 17.6), 18.3 (11.1, 25.5), 15.9 (11.3, 20.5)
and 10.8 (4.5, 17.1) letters for bevacizumab 1.25 mg, bev-
acizumab 2.5 mg, ranibizumab and triamcinolone, respec-
tively. At 24 months, mean VA change then declined
slightly to 10.9 (−29.6, 51.4), 16.1 (−39.1, 71.3), 12.4
(−39.0, 63.8) letters for bevacizumab 1.25 mg, bev-
acizumab 2.5 mg and ranibizumab, respectively. No mixed-
effects estimates were available for dexamethasone and
triamcinolone at 24 months as only one study was available
for each of the treatments.

Anatomical outcomes

The random-effects estimate for mean (95% CI) change in
CST was −159.2 (−203.8, −114.6) µm, −181.7 (−230.7,
−132.7) µm and −209.3 (−328.1, −90.6) µm at 6 months
(n= 1294), 12 months (n= 1325) and 24 months (n=
303), respectively.

Mean (95% CI) CST change for bevacizumab 1.25 mg at
6 months was −186.2 (−240.0, −132.5) µm, −198.2
(−250.6, −145.9) µm at 12 months, and −213.2 (−501.9,
75.5) µm at 24 months. Mean (95% CI) CST change for
ranibizumab initially reduced at 6 and 12 months, by
−161.0 (−242.6, −79.5) µm and −189.8 (−296.9, −82.6)
µm, respectively, with the change declining to −184.0
(−539.3, 171.3) µm at 24 months.

For dexamethasone, mean (95% CI) CST change was
−101.8 (−162.5, −41.1) µm and −143.1 (−213.2, −73.0)
µm at 6 and 12 months, respectively. For triamcinolone,
mean (95% CI) CST change was −159.4 (−249.6, −69.2)
µm and −189.2 (−266.9, −111.6) µm at 6 and 12 months,
respectively. No mixed-effects estimates were available for
bevacizumab 2.5 mg at all time points and for dex-
amethasone and triamcinolone at 24 months.

Presence of SRF at baseline

The presence of SRF at baseline was only reported in 5 of the
48 studies (10%), with its presence in eyes ranging between
4.3 and 81% within treatment arms. Visual outcomes were
reported according to the presence of SRF at baseline in two
studies. In one study, they identified final visual acuity was
not significantly different in the 81% of eyes with SRF at
baseline compared with the whole cohort, however baseline
VA for both groups was not specified [47]. In the other study,
similarly, it was reported that there was no statistically sig-
nificant difference in the change of visual acuity at 12 months
between the groups with and without SRF [48].

Treatment burden

Patients received a mean (95% CI) estimate of 2.7 (1.9, 3.4),
3.6 (2.9, 4.2) and 5.2 (2.1, 8.3) injections at 6 months

(n= 692), 12 months (n= 1337) and 24 months (n= 365),
respectively, across all treatment groups.

For patients who received steroid therapies, there were
generally a lower number of injections or implants com-
pared with anti-VEGF therapies. Patients on steroid thera-
pies received a mean (95%) estimate of 2.1 (1.4, 2.8)
dexamethasone implants and 2.0 (1.3, 2.7) intravitreal
triamcinolone injections over 12 months. In contrast,
patients in the intravitreal bevacizumab 1.25 mg and intra-
vitreal ranibizumab treatment groups received a mean esti-
mate of 3.4 (2.8, 4.0) and 4.9 (4.2, 5.6) injections over
12 months, respectively.

Mean number of laser applications was reported by two
of the three treatment arms investigating subthreshold
micropulse laser photocoagulation and two of the three
treatment arms investigating combination therapies that
involved macular laser.

Mean number of visits were reported in only 4 (6%) of
the 71 treatment arms reported [49, 50].

Heterogeneity

The amount of heterogeneity (I2) for change in VA ranged
from 64.1 to 78.2%, indicating moderate heterogeneity
across studies. Heterogeneity for change in CST and
injection frequency was consistently >75%, indicating
substantial heterogeneity across studies for these outcome
measures.

Of the 48 studies, 28 were single-arm studies and 20
assessed multiple treatment arms. The study was conducted
prospectively in 12 treatment arms, retrospectively in 56
treatment arms and study design was not clear in 3 treat-
ment arms. There were 71 treatment arms, 66 of which
were monotherapies, 1 was a control arm and 4 were
combination arms.

Intravitreal anti-VEGF therapies were the most widely
investigated, being studied in 77% of treatment arms. Anti-
VEGF treatment arms were dominated by bevacizumab (36
arms) and ranibizumab (13 arms). Initiation of therapy
varied, however the vast majority of studies adopted sub-
sequent Pro re nata (PRN) treatment regimes. The dose of
bevacizumab was typically 1.25 mg (28 arms), but in some
studies a dose of 2.5 mg was used (4 arms), one study used
2 mg and 3 arms did not specify the dose [51]. When
reported, the dose of ranibizumab was consistently 0.5 mg.

For intravitreal bevacizumab, 21 arms (58%) used a
single injection followed by a PRN regimen, 7 arms (19%)
used 3 loading injections followed by a PRN regimen, 2
arms (6%) used single or 3 loading injections followed by a
PRN regimen, 2 arms (6%) used single injection only, while
another 4 arms (11%) utilised had different and unique
treatment regimens [47, 49, 51, 52]. There were six intra-
vitreal ranibizumab arms (46%) that used a single injection
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followed by a PRN regimen and seven arms (54%) used
three loading injections followed by a PRN regimen.

Only one treatment arm was included in our review using
intravitreal aflibercept administered as a single 2.0 mg
injection followed by monthly PRN treatment [53]. Another
treatment arm used conbercept with a loading phase of three
injections at one month intervals followed by a PRN regi-
men. Ziv-aflibercept was used in a treatment arm with
injections given monthly until the macula was free of all
intraretinal and SRF and/or the CMT ≤ 250 µm [49].

The next most reported intervention was corticosteroid
therapy representing 20% of treatment arms (intravitreal
dexamethasone 43%, intravitreal triamcinolone 50%, sub-
tenon triamcinolone 7%). For intravitreal dexamethasone and
triamcinolone, single therapies were administered at baseline
and decisions for re-treatment were on a PRN basis.

Subthreshold laser photocoagulation was investigated in
two treatment arms with clearly defined energy parameters
delivered at baseline then on a PRN basis [42, 54]. One
study used a 810 nm diode laser photocoagulation device
and avoided the foveal centre, while the other used a 577
nm yellow laser system to treat the entire area of leakage
demonstrated on fluorescein angiography including the
foveal centre [42].

Combination therapy was investigated in three treatment
arms that utilised macular grid laser in combination with
intravitreal bevacizumab [55] or intravitreal triamcinolone
[55]. Another study used the combination of intravitreal
triamcinolone and bevacizumab given at baseline then on a
PRN basis [41].

Safety outcomes

The safety outcomes of each study are available as an online
supplement (Supplementary Table G).

Qualitative description of ocular and systemic safety
outcomes reported

In some studies, the adverse events for BRVO eyes could
not be differentiated from CRVO eyes and therefore we have
not included them in the following description. Of the 71
treatment arms, ocular adverse events were discussed in 56
(79%) treatment arms. However, few studies specified
commented on the specific breakdown of complications. Of
these studies, 29 studies reported zero ocular adverse events.

Only 35 (51%), 27 (38%) and 15 (21%) of treatment
arms specifically reported zero rates of endophthalmitis
(excluding treatment arms investigating subthreshold laser
photocoagulation), retinal detachment or rubeotic glau-
coma, respectively.

The occurrence of neovascularisation was not well
reported. Less than 20% of treatment arms commented on

this complication. There were no reported cases of NVD
and there were 27 NVE events and 1 NVI/A event.

Increased IOP requiring IOP-lowering medications was
reported in 30 (42%) of the included treatment arms. It was
reported in 10 of 14 steroid treatment arms and 20 of the 57
non-steroid treatment arms. Of the 10 steroid treatment arms
where this was reported, 7 required IOP-lowering medica-
tions compared with 5 of the 20 non-steroid treatment arms.

Macular changes affecting vision was rarely reported as a
category of ocular complication, with only two (3%) of the
included treatment arms commenting on this. These studies
focused on epiretinal membrane formation. One of these
treatment arms utilised intravitreal bevacizumab and the
other utilised intravitreal triamcinolone, both in combina-
tion with macular grid laser.

Of the 71 treatment arms, 18 (25%) arms specifically
reported rates of vitreous haemorrhage, with 3 treatment arms
(all assessing intravitreal bevacizumab 1.25mg) reporting 1
event each.

Cataract

There were variations as to how cataract outcomes were
reported. Overall, 31 (44%) of the 71 treatment arms
reported on any of the following cataract outcomes: cataract
progression, traumatic cataract and/or patients requiring
cataract surgery. Another five (7%) treatment arms excluded
patients who required cataract surgery from the study and
did not report on other cataract outcomes, however two
(3%) treatment arms excluded those who required cataract
surgery from the study but did reported on other cataract
outcomes [56]. Only 16 treatment arms reported baseline
lens status but did not analyse outcomes according to this
characteristic.

Need for retinal laser therapy for neovascularisation

In 14 treatment arms, sectoral laser photocoagulation was
administered for non-perfused or ischaemic areas, or if there
was ocular neovascularisation. The type and settings used
were only described by one study [57] while another only
specified the type of laser [58].

Rescue therapy

Only in 23 (32%) of the 71 treatment arms, it was specified
whether patients received rescue macular laser therapy in
addition to the main therapy being investigated.

In 12 of these treatment arms, grid laser photocoagula-
tion was administered during the study if there was sub-
optimal response to the main therapy investigated; however,
the settings of the laser photocoagulation treatment were
only described by two studies [49, 57]. The criteria for
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judging suboptimal response were not always defined [41].
In a study which identified no significant difference in
visual outcomes between ziv-aflibercept and bevacizumab
for macular oedema secondary to BRVO, it should be noted
that 41% of bevacizumab treated eyes had additional
macular laser whereas no eyes in the ziv-aflibercept group
were reported to have received additional macular laser
treatment [49].

Macular ischaemia

The absence or presence of macular ischaemia was reported
in 17 of 71 treatment arms (24%) and of these arms,
macular ischaemia was present in 14 treatment arms (20%),
as shown in online supplement (Supplementary Table H).
There were three treatment arms that reported no macular
ischaemia at baseline, confirmed with fluorescein angio-
graphy. In 12 treatment arms (17%), presence of macular
ischaemia was specified as an exclusion criterion. In two
treatment arms, it was uncertain as to whether the ischaemic
areas were at the macula or in the periphery [38, 59, 60].

Peripheral ischaemia

Peripheral ischaemia was reported in 23 of 71 treatment
arms (32%). In five (7%) of the studies eyes were excluded
if the ischaemic areas were larger than a set area.

Time to commencement of treatment

There was different terminology and a wide range of
approaches in describing time to commencement of treat-
ment, as shown in the online supplement (Supplementary
Table H). A number of studies specified this duration to be
from time of ʻsymptom onsetʼ or ʻfrom diagnosisʼ, while
some reported ʻduration of macular oedemaʼ or ʻduration of
diseaseʼ.

Treatment-naïve at baseline

At baseline, there were 38 treatment-naïve arms, 12 non-
naïve treatment arms and 21 treatment arms where this
information was not clearly provided.

Risk factors

Hypertension

The proportion of patients who were hypertensive was
reported in 36 treatment arms (51%), and in 6 of these
treatment arms, ʻuncontrolled hypertensionʼ was excluded.
A further eight (11%) treatment arms excluded patients with
ʻuncontrolled hypertensionʼ but did not report the proportion

of patients who had hypertension. There was a significant
variation in rates of hypertension in the population studied
ranging from 27.3 to 100% in the treatment arms. Two
treatment arms from a single study reported ʻpatients with a
history of uncontrolled hypertension…were not usually
injected with bevacizumab, but this decision was left at the
discretion of the treating physicianʼ [61].

Diabetes mellitus

The proportion of patients who had diabetes mellitus was
reported in 32 treatment arms (45%). There was a significant
variation in rates of diabetes mellitus in the population studied
ranging from 4 to 55.6% in treatment arms. Two studies
excluded patients with diabetes mellitus and two studies
excluded patients with ʻuncontrolled diabetesʼ [62, 63].

Smoking status

Only one study [45] reported percentage of smokers (55%)
but did not report how this impacted on visual outcomes.

History of strokes and myocardial infarction

There was a range of terminology used when describing
strokes and myocardial infarction, ranging from ʻthrom-
boembolic eventsʼ, ʻcardiovascular diseaseʼ and ʻsystemic
thrombosisʼ. It was not always clear whether this related to
a previous stroke or myocardial infarction. There were 6
treatment arms that reported on the proportion of patients
with a history of these diseases, 2 treatment arms reported
zero patients with such risk factors and 15 treatment arms
excluded patients with such diseases.

Two treatment arms from a single study reported
ʻpatients with a history of…recent thrombo-embolic events
were not usually injected with bevacizumab, but this deci-
sion was left at the discretion of the treating physicianʼ [61].

Systemic adverse events

Systemic adverse events were only reported by 30 (42%) of
the 71 treatment arms, of which 27 arms reported no sys-
temic adverse events. The remaining three treatment arms
reported a total of four systemic adverse events [46, 64, 65].
There was an episode of palpitations, an episode of chest
pain, a non-ocular serious adverse event and a death
[46, 64, 65].

Discussion

Real-world studies confirm that treatment can lead to visual
gains and anatomical resolution of macular oedema
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secondary to BRVO. Where meta-analysis of anti-VEGF
agents was possible, the VA gains and CST improvements
were less impressive in the real-world than in RCTs. This
might relate to reduced injection numbers (on average <6
intravitreal anti-VEGF injections over 24 months) and dif-
ferent baseline characteristics in the real world compared
with RCTs.

These results may reflect the challenge of delivering
frequent anti-VEGF therapy in the real-world setting where
patients have other co-morbidities and healthcare resources
are stretched. An unmet need appears to be longer-acting
therapies, which would increase the chances of RCT results
being replicated in normal clinical practice. It would also
be helpful to report the number of visits patients attend in
real-world settings to more accurately determine treatment
burden.

Where meta-analyses were possible for intravitreal ster-
oid therapy, VA gains were more comparable between the
real-world and RCT populations. This could be due to the
small number of included studies or the more manageable
number of treatments required.

In study populations receiving ranibizumab 0.5 mg in the
BRAVO and the BRIGHTER study, the mean age at
baseline was 67.5 (SD 11.8) and 64.7 (SD 10.3) years,
respectively, similar to the included real-world studies
[8, 12]. Mean (95% CI) baseline VA was better in the study
populations of included real-world studies at 61.6 (57.7,
65.5) letters compared with RCTs, with baseline VA 53 (SD
12.5) letters in groups receiving ranibizumab 0.5 mg in
BRAVO and 59.5 (SD 11.8) letters in BRIGHTER [8, 12].
Mean (95% CI) baseline CST in our included real-world
studies was thinner at 508.3 (474.9, 541.7) µm compared
with the baseline central subfield foveal thickness in
BRIGHTER at 529.5 (SD 145) µm [12] and the baseline
CFT in BRAVO at 551.7 (SD 223.5) µm [8].

As for the studies assessing bevacizumab 1.25 mg, the
included real-world studies had a mean (95% CI) age of 63
(61.6, 65.3) years. This is older compared with the study
population of MARVEL receiving 1.25 mg bevacizumab,
with a mean of 50.5 (SD 8.7) years [16]. Mean (95% CI)
baseline VA was 52.0 (49.4, 54.6) letters in the included
real-world studies, better than that of MARVEL’s at 56.1
(SD 10) letters [16]. Mean (95% CI) baseline CST in our
included studies was 491.9 (469.6, 514.2) µm, which was
similar to the mean CRT of 491.6 (SD 155.1) µm in the
MARVEL study [16].

For the triamcinolone studies, our real-world study
sample’s mean (95% CI) age was 62.1 (59.2, 65) years. This
population is younger compared with that of SCORE,
where mean age was 67.2 (SD 11.5) and 68.1 (SD 10.6)
years for the groups, which received intravitreal triamci-
nolone 1 and 4 mg, respectively [4]. Mean (95% CI) VA at
baseline in included real-world studies was worse than that

of SCORE at 49.4 (45.2, 53.6) letters compared with 58.2
(SD 11.3) and 56.1 (SD 13.4) letters for the treatment arms
that received triamcinolone 1 and 4 mg, respectively [4].
Centre point thickness at baseline however, was thicker in
the SCORE study at 521 (SD 198) µm and 516 (SD 160) µm
for patients receiving triamcinolone 1 and 4 mg, respec-
tively [4]. However, note that the OCT outcomes measured
in real-world studies and RCTs vary, which include CST,
CFT and CSFT, therefore these OCT measures may not be
directly comparable. As the outcome data reported in
the GENEVA study could not be differentiated into BRVO
and CRVO eyes, it could not be compared with the dex-
amethasone implant data from our included real-world
studies.

In RCTs such as VIBRANT [13] and BRAVO,
increasing time to commencement of treatment was a
negative predictor of outcome. In this review it has been
observed that real-world studies lacked consistency in the
use of terminology and approaches in describing time to
commencement of treatment.

Baseline age on average appeared to be slightly lower in
Asian populations (62.8 years) compared with the American
(67.4 years) and European populations (65.2 years) studied.
Baseline VA and CST were lower in the American studies
compared with other real-world studies. The presence of
SRF and its association with visual outcomes was only
reported in two included studies [47, 48]. However, some
studies have suggested that serous retinal detachment was a
negative predictor of visual prognosis in BRVO patients
[66, 67], while subgroup analysis of BRAVO data reported
that presence of central SRF did not influence visual out-
comes [68]. Therefore, capturing such anatomical features
and exploring their associations with outcomes in real-
world studies may help us understand possible prognostic
factors for macular oedema secondary to BRVO.

Included studies utilised a variety of time-domain and
spectral-domain OCTs. There may be limitations to the
comparability of outcomes of these studies because of the
potential differences between OCT technologies in fluid
detection and thickness measurements [69, 70].

The recording of treatment-naïve status at baseline is an
important parameter that was not consistently recorded. In
RCTs, study populations were mostly treatment-naïve or
have a period without treatment prior to commencing
intervention. Switching studies were excluded from this
analysis.

Another baseline characteristic that was poorly reported
in the included real-world studies was the presence of
ischaemia. Many studies did not report on this characteristic
and of those studies that did, some did not clearly specify
that whether the location of ischaemia was macular or
peripheral. Gains in vision were comparable in subgroups
with and without macular ischaemia at baseline in the
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BRIGHTER RCT [12]. One included real-world study [71]
reported that no significant difference in visual and anato-
mical outcomes was found between those with and without
macular ischaemia [71], whilst another study suggested
macular ischaemia was a negative predictor for visual out-
comes [45].

There are many monotherapy and combination therapy
options for the management of macular oedema secondary to
BRVO. This is reflected in the wide range of treatment
interventions and dosing regimens reported in real-world
studies. There were limited real-world studies on some of the
more recently available intravitreal anti-VEGF therapies.

There was zero occurrence of endophthalmitis, retinal
detachment, rubeotic glaucoma or NVD reported in
included treatment arms. An explanation is that these
adverse events are very uncommon, but it is also possible
that there is under-reporting of safety outcomes in real-
world studies compared with RCTs. Endophthalmitis is a
potentially devastating complication that can occur after
intravitreal injections, and a meta-analysis of clinical trials
and real-world data on infectious endophthalmitis after
intravitreal anti-VEGF injections for any indication iden-
tified 197 cases of endophthalmitis among a total of
350,535 intravitreal anti-VEGF injections, 0.056% (95%
CI, 0.049−0.065%) [72].

The use of sectoral laser photocoagulation was described
in some of the included studies, but the indication for which
it was used in the real world was variable. In some studies,
it was applied when significant peripheral ischaemia is
detected while in others, this is only done when there is
development of active neovascularisation or vitreous hae-
morrhage. RCTs have either specified that patients can
receive scatter photocoagulation if there is ocular neo-
vascularisation [14] or have excluded those anticipated to
require scatter laser photocoagulation within 4 months of
starting treatment [8]. The Royal College of Ophthalmolo-
gists (RCOphth) guidelines state ʻit is recommended that
sector laser photocoagulation is applied once retinal or optic
disc neovascularisation occurʼ [7]. Reporting of use of
sectoral laser photocoagulation and when it is specifically
used in patients in real-world studies may help answer
questions as to the optimum timing.

Notably, less than half of the included treatment arms
reported systemic safety outcomes. Understandably, oph-
thalmologists may not always have this data and systemic
adverse events may not have been recorded for therapies
such as local laser but it would be useful to know the
background rate of systemic adverse events in these popu-
lations. There is a controversy whether intravitreal anti-
VEGF treatment causes similar problems to systemically
delivered anti-VEGF of increased blood pressure and risk of
thrombo-embolic events. Results of meta-analyses of sys-
temic cardiovascular complications in patients receiving

intravitreal anti-VEGF therapies are conflicting [73–75].
RCTs excluded patients with recent myocardial infarction,
cerebrovascular events and uncontrolled hypertension
[8, 12, 17, 19]. Real-world studies therefore, offer an
opportunity to observe outcomes of therapies for these
potentially high-risk groups. There is also the potential to
link registries of RVO therapy and thrombo-embolic events
to identify any association.

Risk factors for BRVO have been documented in epi-
demiological studies, and these include cardiovascular risk
factors such as hypertension, diabetes mellitus and smoking
[76]. A case-control study identified that BRVO was asso-
ciated with an increased risk of subsequently developing
hypertension, diabetes, congestive heart failure and cere-
brovascular disease [77] and the RCOphth guidelines
recommend careful cardiovascular assessment and treat-
ment of cardiovascular risk factors in patients with RVO
[7]. Although these risk factors were recorded in some of
the included treatment arms, at times the terminology used
to describe them was unclear as to what they constituted
e.g., ʻcardiovascular diseaseʼ. In view of the importance of
these risk factors in BRVO, we suggest that they should be
reported in a standardised manner.

Rescue therapies with macular laser and anti-VEGF were
not consistently described in the included real-world stu-
dies. It has been observed that only a small number of
studies reported the type of laser and settings used in laser
photocoagulation therapy. Macular laser photocoagulation
can potentially affect outcomes as shown in the BVOS
study [2] and there can be a widely varying settings and
laser type used in real-world studies [49, 57]. As use of any
rescue therapy can potentially impact outcomes, it is
important that it is fully described in real-world studies.

It has also been observed that a number of studies
included hemi-retinal vein occlusions (HRVO) together
with BRVO eyes in treatment arms [48, 78, 79]. There does
not appear to be a consensus whether HRVO is a variant of
BRVO or CRVO or is a separate condition, with some
reports of differences in risk factors, clinical features and
systemic associations between the three groups [80].
However, in the SCORE study there was no significant
difference in the three disease entities in frequency of
treatments and adverse events [81]. Reporting outcomes for
the HRVO subgroups in future real-world studies may
provide more information to differentiate it from the other
disease entities.

Notably, none of the included studies in this review
reported on quality of life outcomes, despite the known
detrimental impact of RVOs in vision-related quality of life
[82]. Results from the BRAVO trial indicated that patients
with macular oedema secondary to BRVO treated with
monthly ranibizumab had greater improvements in vision-
related function compared with sham-treated patients
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through 6 months [8]. We propose that it would be bene-
ficial for prospective real-world studies to record quality of
life outcomes to allow payers of healthcare services to
understand the broader benefits of treatment.

The included real-world studies in this systematic review
were generally of lower quality. Because of the lack of a
control group, a case series is prone to bias, occupies a low
position in the hierarchy of evidence and is considered the
weakest study design from which to obtain evidence on
effectiveness [83]. Although some included studies in this
review had a comparator group, characteristics and out-
comes were analysed by treatment arms and therefore we
treated every treatment arm as a case series. The quality
appraisal of case series studies checklist published by IHE
[31, 84] was chosen mainly because it is one of the pre-
ferred tool recommended in the manual for developing
NICE guidelines [30].

The strengths of this meta-analysis are its thorough
literature search, large sample size with over 2530 eyes
and extraction of data and quality assessment of the ori-
ginal studies independently by two authors. However,
there are several limitations to this review. First, varied
follow-up periods, treatment regimens and study popula-
tions led to considerable heterogeneity, which limits the
interpretability of the pooled results. The meta-analyses
were analysed by treatment and dose. We could not per-
form sub-analyses by treatment regimen as there was too
much variability between included studies. Although the
average visual and anatomical outcomes were recorded in
the majority of the included studies, the spread of data
was not consistently reported. There was non-standardised
and incomplete capture and reporting of baseline char-
acteristics, risk factors, treatment burden, use of rescue
therapies, quality of life data and ocular and systemic
adverse events.

A consensus statement on the minimum dataset for
collection of real-world outcomes related to RVOs is
required so future real-world studies can more easily be
compared. A minimum set of standardised patient-centred
outcome measures for macular degeneration was facili-
tated by the International Consortium for Health Outcomes
Measurement to allow easy comparison between different
units nationally and internationally [85]. The Fight Retinal
Blindness! registry has been tracking outcomes of therapy
for neovascular age-related macular degeneration and
diabetic macular oedema with a mandatory minimum
dataset [86]. A standardised web-based tool has been
developed to prospectively collect a minimum mandatory
dataset for outcomes of therapy for macular oedema sec-
ondary to retinal vein occlusions [87, 88]. The American
Academy of Ophthalmology Intelligent Research in Sight
(IRIS) registry launched in 2014 has already become the
largest American clinical specialty data registry [89]. The

IRIS registry is designed to extract data from the practice’s
server, which contains the electronic medical record
(EMR) database using systems integrator software. A
limitation of the IRIS registry approach is that a minimum
dataset is not mandated [89].

In conclusion, although visual and anatomical gains can
be seen in the real-world management of macular oedema
secondary to BRVO, these gains particularly for anti-VEGF
therapy were not as impressive as the seminal RCTs. This
might be explained by differences in baseline characteristics
and reduced injection frequency in the real world. To
improve the quality of real-world studies in this field and to
strengthen the evidence base, there is an urgent need for a
consensus on the minimum dataset of efficacy, treatment
burden and safety data on therapies for macular oedema
secondary to BRVO.
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