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BACKGROUND/OBJECTIVES: This meta-analysis investigates the efficacy and safety of intravitreal anti-VEGF injections (IVI)
compared to combination laser photocoagulation and IVI (LPC-IVI) in treating macular oedema secondary to retinal vein
occlusion (RVO).
SUBJECTS/METHODS: A literature search of MEDLINE, EMBASE and Cochrane CENTRAL was conducted from inception until March
2021. Randomized controlled trials that reported relevant efficacy and/or safety parameters following LPC-IVI relative to IVI were
included. Meta-analysis was conducted with a random effects model. The primary outcome was best-corrected visual acuity (BCVA),
while secondary outcomes were central macular thickness (CMT), central retinal thickness (CRT), central subfield thickness (CST),
number of IVIs received, and incidence of adverse events.
RESULTS: A total of 10 studies were included, for which 362 eyes were randomized to LPC-IVI and 365 to IVI. In comparing macular
laser photocoagulation with IVI (MLP-IVI) in BRVO patients, no significant differences were seen in final BCVA (p= 0.78) or change in
BCVA (p= 0.09) after treatment. Similarly, no significant differences were seen in final CMT (p= 0.54), change in CMT (p= 0.33),
final CRT (p= 0.90), change in CRT (p= 0.97), or number of injections required (p= 0.78). The same results were seen in subgroup
analyses for macular laser without peripheral laser in BRVO and CRVO patients. Consistent results were observed when considering
peripheral LPC-IVI to IVI in BRVO and CRVO.
CONCLUSIONS: No significant differences were seen between combination MLP-IVI or peripheral LPC-IVI relative to IVI
monotherapy for final BCVA or OCT parameters in macular oedema secondary to RVO.
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INTRODUCTION
Retinal vein occlusion (RVO) is a common retinal vascular disease
and cause of blindness, affecting up to 5.2 per 1000 people in the
developed world [1, 2]. In clinical practice, RVO is subdivided into
either branch (BRVO) or central retinal vein occlusion (CRVO) [2].
Macular oedema (ME) is commonly associated with RVO, where
occlusion of the vein leads to increased capillary pressure
and vascular permeability, resulting in ME secondary to transuda-
tion [3].
Two commonly used therapeutic options for patients with ME

secondary to RVO are intravitreal anti-vascular endothelial growth
factor injections (IVI) and laser photocoagulation (LPC). Other
options include intravitreal steroids such as triamcinolone
acetonide as well as dexamethasone intravitreal implants [4].
Anti-VEGF agents prevent angiogenesis that arises secondary to

retinal ischaemia in RVO and reduce vascular permeability that
causes ME [5]. In previous studies, monthly intravitreal injections
of anti-VEGF agents have shown to be associated with clinically
significant vision gains in BRVO and CRVO within 6 months of
treatment. These gains in visual acuity were then maintained
when anti-VEGF treatments were continued on an as needed
(PRN) basis at 12 months of follow-up [6].
Meta-analyses have shown that intravitreal anti-VEGF agents

are associated with an 80% lower risk of losing at least 15 letters
of visual acuity at six months relative to sham injection in CRVO
patients [7]. A Cochrane systematic review determined that, at
six months, eyes treated with IVI were 2.71 times more likely to
have a gain of 15 or more ETDRS letters compared to eyes
receiving sham treatment [7]. After a diagnosis of ME secondary
to RVO, intravitreal anti-VEGF injections (IVIs) should be used
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relatively soon, as early treatment has shown to have greater
improvements in visual outcomes than treatment at six months
post-diagnosis [8].
LPC can be either applied as a grid to the macula directly in

macular laser photocoagulation (MLP) or peripherally to ischaemic
areas in an effort to reduce the production of VEGF. For ME
secondary to RVO, MLP is typically applied in a grid pattern [9].
Common laser wavelengths for grid photocoagulation include
532 nm (green) and 577 nm (yellow), with a spot size of 50–100
μm. The macula is exposed to the laser for 20–100ms, with the
power titrated for desired effect [10]. It has been demonstrated
that MLP improves the oxygenation of the inner retina [11]. This in
turn increases the oxygen tension and relieves hypoxia in the
inner retina, leading to autoregulatory vasoconstriction of vessels
and an increase to arteriolar resistance [12]. This reduces
hydrostatic pressure in the capillaries and venules, and per
Starling’s law, this decreases fluid flux from the intravascular space
thus reducing tissue oedema [12]. Studies have shown that BRVO
patients receiving macular grid laser have been more likely to
have an improved visual acuity (10 or more ETDRS letters) at
36 months after treatment compared to those receiving no
treatment [13]. In ME secondary to CRVO, macular grid photo-
coagulation has been shown to be less effective than bevacizu-
mab in restoring visual acuity [14]. Peripheral LPC has been used
in retinal venous occlusive disease to target peripheral areas of
retinal nonperfusion [15]. Peripheral LPC may reduce pathologic
VEGF levels, retinal neovascularization and ME [15].
Both combination LPC-IVI treatment and IVI monotherapy have

been used in the management of RVO. There is no definite
consensus as to the recommended standard of care approach,
and conflicts in the literature remain. For example, Donati et al.
found that MLP-IVI significantly reduced the number of IVI
injections required compared to IVI monotherapy, while Campo-
chiaro et al. found no significant difference in the number of
injections required [9, 16]. Given the conflicting results that
currently exist, we conducted a meta-analysis of randomized
controlled trials to elucidate the comparative efficacy and safety of
combined LPC and IVI relative to IVI monotherapy.

METHODS
Search strategy
A systematic search of the literature was performed using OVID MEDLINE,
Ovid EMBASE and Cochrane CENTRAL (database inception to March 2021;
Supplementary Tables 1 and 2). Reference lists of included articles were
also searched for applicable articles. The meta-analysis was registered in
the International Prospective Register of Systematic Reviews (PROSPERO)
database (ID: CRD42020148978).

Eligibility criteria
Studies were included based on the following criteria: (1) randomized
controlled trials, (2) included patients who received IVI monotherapy, (3)
included patients who received combination LPC (i.e., either MLP or
peripheral laser photocoagulation) and IVI therapy (4) provided efficacy
and/or safety data for monotherapy and combination therapy study arms,
(5) recruited patients with ME secondary to BRVO or CRVO.
The following exclusion criteria were used in the selection of studies: (1)

non-published articles (e.g., abstracts and conference proceedings), (2)
non-English articles, (3) repeat data, (4) non-randomized studies, (5)
literature reviews, letters to the editor, correspondences, notes, clinical trial
registrations, editorials, and forthcoming journal articles, as well as (6)
articles that did not provide relevant outcome data. Given that existing
studies in the published literature were used for this meta-analysis,
institutional review board approval was not necessary. Nonetheless, the
study adhered fully to the Declaration of Helsinki.

Study selection, data collection, and outcome measures
Two authors (NB and APS) independently reviewed the search results to
select pertinent articles for inclusion via title and abstract screening,

followed by full-text review. Uncertainty in inclusion was resolved by
consultation with a third author (MMP). The same two authors (NB and
APS) extracted the following baseline demographic and clinical data from
each study arm: study design, country of origin, number of included eyes,
mean cohort age, gender distribution, treatment approach and schedule
(i.e., dose and frequency for IVIs and treatment parameters for LPC),
duration of follow-up, specific ocular pathology (i.e., BRVO or CRVO), mean
corrected distance visual acuity (BCVA), central retinal thickness (CRT),
central subfield thickness (CST) and central macular thickness (CMT). Post-
procedure outcomes were extracted from the included studies for
monotherapy and combination therapy arms and reported using the
following headings:

1. Primary visual outcomes: final BCVA and change in BCVA, recorded
via logarithm of minimum angle of resolution (logMAR).

2. Primary structural outcomes: mean CRT, change in CRT from
baseline, mean CST, change in CST from baseline, mean CMT, and
change in CMT from baseline.

3. For IVI treatments, the mean number of IVIs received over the course
of follow-up was extracted.

4. Safety parameters: total number of adverse events and incidence of
individual adverse events, including generalized eye pain, dry eye,
conjunctival hyperaemia, subconjunctival haemorrhage, cataracts,
elevated intraocular pressure (IOP), vitreous detachment, and
macular fibrosis.

Risk of bias assessment and GRADE evaluation
To assess the risk of bias across included studies, the Cochrane risk of bias
tool for randomized trials was used [17]. The included domains were
sequence generation, allocation concealment, masking of participants and
personnel, masking of outcome assessors, incomplete outcome data,
selective outcome reporting and other potential threats to validity [17].
With regards to selective outcome reporting, a 10% loss to follow-up was
used to distinguish between low and high-risk studies, with studies not
reporting this information being assigned an unclear risk of bias. We also
assessed the incidence of authorship conflicts of interest and industry
sponsorship. The Grading of Recommendations, Assessment, Development
and Evaluation (GRADE) framework was used to assess the quality of
evidence (Table 1) [18].

Statistical analysis
Data for all post-treatment outcomes were collected at last follow-up.
Microsoft Excel (Microsoft Corporation, Redmond, WA) was used to
manage all records used in screening and selection, as well as for
compiling extracted data from selected studies. Continuous variables were
recorded as means±standard deviations. Categorical variables were
reported as percentages of the total sample. The results of the meta-
analysis were presented as a weighted mean difference (WMD) with a
corresponding 95% confidence interval (95% CI) for continuous para-
meters, and via a risk ratio (RR) and 95% CI for categorical variables. The

weighted mean was defined as x ¼
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outcomes, the inverse variance analytic method was used, while a
Mantel-Haenszel method was used for categorical variables. For all
analyses, a random effects model was used.
All visual outcomes were converted to logMAR values prior to analysis.

For results that were reported in ETDRS letters, logMAR values were
calculated using the following formula: logMAR = −0.02x + 1.7, where x
represented ETDRS letters. To calculate the change in visual acuity in
logMAR units when presented data in ETDRS letters, the change in BCVA in
logMAR units was calculated using ΔlogMAR ¼ �0:02x, where x repre-
sented the change in ETDRS letters [19].
Statistical heterogeneity was assessed in two ways: first using an I2

statistic (significance: >75%), which evaluates the percentage of variance
attributable to heterogeneity, and second by using a chi-square test. The
number of eyes was used as a weighting variable, and a p value of less
than 0.05 was used to denote statistical significance.
Meta-analysis was conducted only if there were two or more study arms

for each intervention type. Main analyses were performed on studies with
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BRVO patients and those with CRVO patients separately. The main analysis
allowed for studies that administered macular laser with as needed
peripheral LPC, while a subgroup analysis was completed on BRVO
patients who only received MLP.
Review Manager (RevMan 5.3; The Nordic Cochrane Centre, The

Cochrane Collaboration, Copenhagen, Denmark) was used to conduct all
analyses.

RESULTS
Study inclusions and baseline demographics
A total of 1078 records were searched, of which 25 articles were
advanced to full-text screening. From these, a total of 10 RCTs
were included in the meta-analysis (Fig. 1) [9, 16, 20–27]. A total of
727 eyes were included, of which 362 received combination LPC-
IVI and 365 received IVI alone. A complete listing of baseline
demographic information for each included study can be found in
Supplementary Table 3. A complete listing of IVI dosing and laser
parameters for each included study can be found in Supplemen-
tary Table 4.
A total of 620 eyes were included in BRVO studies (310 LPC-IVI,

310 IVI) and 107 eyes were included in CRVO studies (52 LPC-IVI,
55 IVI). The weighted mean age of participants was 64.0 years,
with the mean cohort age ranging from 52.0 to 69.8 years. The
mean percentage of male patients was 54.1% and ranged from
37.0% to 70.8% across cohorts. The mean baseline BCVA (logMAR
units) was 0.60 (~20/80 Snellen), ranging from 0.30 to 0.85 (~20/40
to ~20/142 Snellen) across cohorts.
One paper had distinct CRVO and BRVO treatment arms,

providing us with 11 analysis cohorts. Across the studies, eight
analysis groups were BRVO-specific, for which 310 eyes received
LPC-IVI and 310 eyes received IVI. Three analysis groups were
CRVO-specific, for which 52 eyes received LPC-IVI and 55 received
IVI. All eyes included were treated with LPC.
A total of 181 eyes were treated with IVI on a monthly treatment

basis (92 LPC-IVI, 89 IVI) and 442 on a pro re nata (PRN) basis (220
LPC-IVI, 222 IVI). A total of 96 eyes were treated with bevacizumab
(49 LPC-IVI, 47 IVI), and 545 eyes were treated with ranibizumab
(271 LPC-IVI, 274 IVI).

Risk of bias assessment and GRADE evaluation
Overall, there were 55 (79%), 7 (10%), and 8 (11%) domains that
had a low, unclear, and high risk of bias, respectively. There was a

total of 4 (40%) studies that had at least one high-risk domain. The
following domains ranked from the highest to the lowest
proportion of low risk of bias: other potential threats to validity
(100%), selective outcome reporting (100%), incomplete outcome
data (100%), sequence generation (90%), allocation sequence
concealment (80%), masking of participants and personnel (40%),
and masking of outcome assessors (40%). A listing of each study
and their risk of bias rating is available in Supplementary Table 5.
Four studies did not specify if or how they masked outcome
assessors [9, 23, 24, 27], while two studies explicitly did not mask
assessors [21, 22]. Two studies reported funding support from
industry sponsors, with two receiving direct funding [20, 27], and
one receiving indirect funding [25]. One study disclosed conflicts
of interest [20]. In the overall and subgroup analyses, the GRADE
evaluation revealed a low-to-medium certainty of evidence
(Table 1).

Main analysis: BRVO
A total of six studies were included in this analysis, with 114 eyes
receiving MLP-IVI and 110 receiving IVI monotherapy
[9, 16, 20, 21, 23, 26]. For this analysis, as needed adjunct
peripheral LPC was permitted but not required.
In seven analyses, no significant differences were seen between

MLP-IVI and IVI. There was no significant difference between MLP-
IVI and IVI alone for final BCVA (p= 0.78, mean follow-up= 14.6 ±
9.8 months, Fig. 2A) or change in BCVA (p= 0.09, mean follow-up
= 14.6 ± 9.8 months, Fig. 2B). Similarly, there was no significant
difference between MLP-IVI and IVI alone in OCT parameters, such
as final CMT (p= 0.54, mean follow-up= 10.0 ± 2.8 months,
Fig. 2C), change in CMT (p= 0.33, mean follow-up= 10.0 ±
2.8 months, Fig. 2D), final CRT (p= 0.90, mean follow-up= 10.8
± 1.3 months, Fig. 2E), or change in CRT (p= 0.97, mean follow-up
= 10.8 ± 1.3 months, Fig. 2F). As well, there was no significant
difference between MLP-IVI and IVI alone in the number of
injections (p= 0.78, mean follow-up= 24.0 ± 12.0 months,
Fig. 2G).

Subgroup analysis: BRVO–macular laser photocoagulation
A total of four studies were included in this comparison,
which included all BRVO studies in the main analysis but removed
those that administered as needed adjunct peripheral LPC. In
this subgroup analysis, 74 eyes received macular MLP-IVI

Table 1. Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) summary of findings table.

Population: Adult patients receiving intravitreal anti-VEGF injections (IVI) and/or macular laser photocoagulation (MLP) for retinal vein
occlusion
Setting: Clinic-based environment
Intervention: IVI and/or MLP
Comparison: IVI or MLP compared to both IVI and MLP

Analysis Relative effect: RR (95% CI) Number of
studies

Certainty of the
evidence (GRADE)

BRVO Final BCVA: WMD = 0.02, 95% CI = [−0.16, 0.20], p= 0.82
Change in BCVA: WMD= 0.07, 95% CI= [−0.01, 0.15], p= 0.09
Final CMT: WMD = −16.63 μm, 95% CI= [−70.44, 37.17], p= 0.54
Change in CMT: WMD=−29.60 μm, 95% CI= [−88.91, 29.70], p= 0.33
Number of Injections: WMD=−0.23, 95% CI= [−1.689, 1.42], p= 0.78

2–5 Low to medium

BRVO—macular laser
subgroup analysis

Final BCVA: WMD= 0.04, 95% CI= [−0.19 0.27], p= 0.74
Change in BCVA: WMD= 0.07, 95% CI= [−0.09, 0.22], p= 0.39
Change in CMT: WMD=−12.29 μm, 95% CI= [−82.64, 58.07], p= 0.73

3 Low to medium

High = This research provides a very good indication of the likely effect. The likelihood that the effect will be substantially different is low.
Moderate = This research provides a good indication of the likely effect. The likelihood that the effect will be substantially different is moderate.
Low = This research provides some indication of the likely effect. However, the likelihood that it will be substantially different is high.
Very low = This research does not provide a reliable indication of the likely effect. The likelihood that the effect will be substantially different is very high.
Substantially different = a large enough difference that it might affect a decision.
95% CI 95% confidence interval, WMD weighted mean difference, RVO retinal vein occlusion, MLP macular laser photocoagulation, IVI intravitreal injection,
CRVO central retinal vein occlusion, BRVO branch retinal vein occlusion, BCVA corrected distance visual acuity, CMT central macular thickness.
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combination therapy and 70 received IVI alone [9, 16, 23, 26]. No
significant differences were found between MLP-IVI and MLP for
five analyses, which were all consistent with the main analysis
(Fig. 3).

Systematic review: LPC-IVI vs IVI in BRVO
Two studies compared non-macular LPC used in combination with
IVI (LPC-IVI) to IVI [22, 24, 27]. Across these studies, 170 eyes
received LPC-IVI while 178 received IVI alone. These studies are
reviewed below.
Goel et al. compared ranibizumab used in combination with

targeted retinal laser for ME secondary to BRVO. Specifically, they
used ultra-wide-field fluorescein angiography (UWFFA)-guided
targeted retinal photocoagulation [22]. In this study, 17 treatment-
naive BRVO patients with ME were randomized to receive 0.5 mg
ranibizumab (IVI) and 18 were randomized to receive ranibizumab
with UWFFA-guided laser (LPC-IVI). For each group, three
injections were given at monthly intervals with PRN treatment
afterwards. The study found that both groups had a statistically
significant improvement (p < 0.001 in each group) in BCVA after
9 months, with the LPC-IVI group gaining 23.38 ± 7.56 letters and
the IVI group gaining 25.7 ± 8.19 letters. At 9 months, both groups
achieved a significant reduction in mean central subfoveal
thickness (CSFT), with a reduction of 379.12 ± 242.7 μm in the
IVI group (p < 0.001) and 253.75 ± 137.9 μm in the LPC-IVI group
(p < 0.001). The gain in BCVA and the reduction in CSFT between
LPC-IVI and IVI alone groups was not statistically significant.
Between the groups, the number of injections was significantly
greater in the IVI group (5.76 ± 1.3 IVI, 4.06 ± 0.99 LPC-IVI, p <
0.001).
Tadayoni et al. compared ranibizumab (IVI), ranibizumab plus

laser (LPC-IVI), and laser alone (LPC) in patients with ME secondary
to BRVO over 24 months [27]. No description of the laser
parameters was provided by the study. After month 6, patients
receiving LPC alone were eligible to receive PRN ranibizumab if
visual impairment due to ME was present (LPC-IVI from month 6
arm). One hundred eighty-three eyes received IVI, 180 received

LPC-IVI, 25 received LPC alone, and 63 received LPC with IVI after
month 6. BCVA improvements were seen in IVI and LPC-IVI arms at
6 months and were sustained over the 24-month study
duration. The mean BCVA change was significantly greater in
the LPC-IVI group (15.4 ± 10.76) than the IVI group (15.0 ± 10.86)
over 24 months (p < 0.001). At the end of the follow-up period,
the LPC-IVI group achieved a final mean BCVA of 73.9 ± 14.59
letters, while the IVI group achieved 75.0 ± 14.65 letters. No
significant differences in CSFT at 24 months were found
between any of the three arms. As well, between the LPC-IVI
and IVI arms, no significant difference was found in the number
of ranibizumab injections required over the full follow-up period
(p= 0.4259).

CRVO
A total of three studies reported on LPC used for CRVO patients,
with 51 eyes receiving MLP-IVI and 47 eyes receiving IVI [20, 25].
Given that a meta-analysis could not be performed on most
outcomes due to insufficient studies, we systematically review the
included CRVO studies below.
Campochiaro et al. divided their subjects into CRVO and BRVO

arms and randomized each cohort into patients receiving MLP plus
ranibizumab versus ranibizumab alone [20]. All patients first
received monthly injections of 0.5 or 2.0 mg ranibizumab for
24 weeks before re-randomizing to PRN treatment groups
consisting of the same dose of ranibizumab, with or without
MLP. A total of 18 CRVO patients received MLP-IVI combination
therapy, and 19 CRVO patients received IVI monotherapy. In
comparing the change in BCVA after 144 weeks, patients who
received the combination therapy saw a gain of 0.008 ± 0.086
logMAR units (0.4 ± 4.3 ETDRS letters), compared to a reduction in
visual acuity of 0.134 ± 0.074 logMAR units (6.7 ± 3.7 ETDRS letters)
in those who received IVI alone (p= 0.22). Similarly, there was no
significant difference in the change in CST between the two groups
at 144 weeks (p= 0.94). However, the number of ranibizumab
injections was significantly different (p= 0.05) between treatment
groups, with the combination therapy arm requiring 17.9 ± 2.1
injections compared to IVI monotherapy requiring 12.4 ± 1.6
injections over 144 weeks [20].
Rehak et al. compared monthly ranibizumab injections (n= 12)

and monthly ranibizumab plus MPL (n= 10) over a 3-month
period. Both groups received ranibizumab treatment monthly for
3 months, followed by PRN injections for an additional 3 months.
BCVA in patients treated with ranibizumab showed no change
after 6 months (0.48 logMAR or 61 ETDRS letters at both baseline
and 6 months). However, there was an improvement of 0.1
logMAR in the MLP-IVI group (5 ETDRS letters) after 6 months.
There was no significant difference in the change in CRT in the
MLP-IVI group (−178.5 ± 301.2 μm) relative to IVI monotherapy
(−159 ± 336.7 μm) [25].
Nourinia et al. compared peripheral retinal photocoagulation to

ischaemic retina in combination with intravitreal bevacizumab
(LPC-IVI) to intravitreal bevacizumab alone (IVI) in the treatment of
ME secondary to CRVO. In this study, 24 treatment-naive eyes
received LPC-IVI and 24 eyes received IVI injections. Both groups
received IVI PRN and were followed up for 9 months after the first
injection. The LPC-IVI group received wide-field fluorescein
angiography-guided highly selective photocoagulation of the
areas of retinal capillary nonperfusion with a green diode laser of
350 μm spot size and a duration of 20 ms. In both groups, a
significant improvement in BCVA was observed from the second
to ninth month (p= 0.04–0.001) when adjusted for baseline
values. Mean BCVA was greater in the LPC-IVI group at the sixth,
seventh, and eighth months but with statistical significance only
in the sixth month (p= 0.031). Between groups, the IVI-LPC arm
achieved significantly greater BCVA in months four to eight (p =
0.002, 0.004, 0.002, 0.002, and 0.012) but not at the end of the
follow-up period. Both groups also achieved a statistically
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Fig. 1 PRISMA flow diagram. Modified transparent Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
flow diagram based on searches until March 2021.
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significant reduction in CMT compared to respective baselines
(p < 0.001 for both groups), but with a significant difference in
thickness in the LPC-IVI group only in months four to six (p=
0.005, p= 0.022, p= 0.005). Finally, there was a statistically
significant difference between the number of IVI injections
required, with the LPC-IVI group requiring fewer in months four,
six, seven, and eight (p= 0.022, <0.001, 0.012 and 0.038). Over the
entire follow-up period of nine months, the LPC-IVI group received
significantly fewer (p < 0.001) injections than the IVI group (4.05 ±
1.09 vs. 5.83 ± 1.95). No adverse events were reported in
either group.

Safety analysis and complications
Seven included studies did not report any information regarding
adverse events of the interventions administered [9, 20–25].
Callizo et al. reported an IOP spike in two patients (one in each
group) that returned to normal levels after topical therapy [16].
Tadayoni et al. noted adverse events in 48.3% of the IVI group and
53.6% of the MLP-IVI group. They noted that eye pain, increased
IOP, and conjunctival haemorrhage were the most frequently
reported ocular adverse events across both groups. They also
classified serious adverse events (SAEs) separately, with 1.1% of IVI
patients and 2.2% of LPC-IVI patients having SAEs. Ocular SAEs

included reduced BCVA (n= 2) and cataract (n= 1). Song et al.
noted that three patients in the IVI group and one patient in the
MLP-IVI group had an increase in IOP during the study period. As
well, they reported two patients who withdrew from the study
due to lacunar infarction [26].

DISCUSSION
While IVI has proven benefit in improving the BCVA of RVO
patients, it is less clear whether there are differences in outcomes
with supplemental LPC [28, 29]. In this analysis, we analyzed ten
randomized controlled trials, all of which compared IVI treatments
to combination LPC-IVI regimens. To determine if LPC could
improve the efficacy or safety profile of IVI, we analyzed BCVA,
structural parameters such as CMT, the number of IVIs required,
and safety endpoints.

Visual acuity and structural outcomes
No significant differences were seen between IVI monotherapies
and combination MLP-IVI therapies with respect to visual acuity. In
the BRVO analysis, no significant differences were seen in final
BCVA or change in BCVA. The same results were observed in the
BRVO subgroup analysis that included patients who received
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Fig. 3 Comparison of combined macular laser photocoagulation without peripheral laser and anti-VEGF intravitreal injection
combination therapy to anti-VEGF intravitreal injection monotherapy in BRVO papers. Meta-analyses were conducted for final BCVA (A),
change in BCVA (B), change in CMT (C), final CRT (D), and change in CRT (E) in BRVO papers without adjunct peripheral LPC.
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macular laser only. While a paucity of data prohibited a CRVO-
specific analysis, both CRVO studies presented non-significant
differences in BCVA between MLP-IVI and IVI treatment arms
[20, 25]. In papers comparing LPC-IVI to IVI, one study found no
significant difference in change in BCVA between LPC-IVI and IVI
arms at last follow-up in BRVO patients [22], and a second study
found no significant difference in CRVO patients [24]. However,
Tadayoni et al. found that the mean BCVA change was
significantly greater in the LPC-IVI arm compared to the IVI arm
(p < 0.001) in BRVO patients [27].
In the main BRVO analysis, no significant differences were seen

in CMT, change in CMT, CRT or change in CRT. No significant
changes in CRT or CMT were found in the BRVO macular laser
subgroup analysis. Of the two CRVO studies with MLP-IVI and IVI
arms, neither study reported any significant differences in CST,
CRT, or CMT between IVI and MLP-IVI arms at last follow-up
[20, 25]. However, several sources of between-study heterogeneity
were found. Specifically, studies treated patients with differing
modalities of MLP, different anti-VEGF agents, and different anti-
VEGF dosing schedules. Of the 12 forest plots included, two
(Figs. 2G and 3A) had an I2 value greater than 75%, indicating
significant heterogeneity in the data of certain analyses. Of the
three LPC-IVI vs. IVI studies, two did not find significant differences
in structural outcomes between the two arms at last follow-up in
BRVO patients [22, 27], and the third found no significant
difference in CRVO patients [24].
From these data, LPC as an adjunct to IVI does not further

improve visual acuity or structural parameters of the retina more
effectively than IVI alone.

Number of Injections
Despite the non-significant results for visual and structural
outcomes, the possibility of reducing the number of IVIs needed
to control symptoms would make supplemental LPC a useful
adjunct therapy to IVI. If this were true, the cost and burden of
treatment could be reduced [30].
In the main BRVO analysis, no significant difference was seen

between the MLP-IVI and IVI arms with respect to the number of
IVIs required to reduce symptoms. These same results were
observed in the BRVO macular laser subgroup.
One BRVO paper indicated that MLP-IVI led to a lower number of

injections required [9], while one BRVO paper found that patients
in the IVI arm required fewer injections [20]. Interestingly, the
studies that showed no benefit from MLP-IVI for injection burden
treated all patients with IVI on a PRN basis, while the study that
showed a benefit all treated patients monthly for three treatments
followed by PRN treatment for 12 months [9]. Compared to IVI
given on a PRN basis based on disease severity, additional MLP
does not appear to reduce the number of IVIs needed.
In studies with other forms of LPC and IVI versus IVI arms, Goel

et al., and Nourinia et al., found a significantly greater number of
injections in the IVI arms compared to the LPC-IVI arms [22, 24].
However, Tadayoni et al. did not find any significant difference
between the LPC-IVI and IVI arms in the number of injections
required [27].

Complications
Few studies reported adverse events associated with IVI or MLP-
IVI. Callizo et al. found the same number of complications in each
treatment arm, all of which resolved before the end of the study
[16]. Similarly, Tadayoni et al. found few SAEs, with 2 (1.1%) IVI
patients and 4 (2.2%) IVI-LPC patients reporting SAEs. From our
analysis, both treatment modalities appear to be well-tolerated
options. However, many studies included in our analyses had
small sample sizes, and are likely underpowered for being able to
detect rare sight-threatening complications, such as endophthal-
mitis secondary to IVI [25]. Based on prior literature, complications
of IVI include endophthalmitis, intraocular inflammation,

rhegmatogenous retinal detachment, IOP elevation and ocular
haemorrhage [31], while complications of macular grid laser
include choroidal neovascularization and subretinal fibrosis [32].

Dosing and treatment schedules
All papers used the same IVI parameters for their IVI and MLP-IVI
arms, except for Kumar et al., who randomized the IVI treatment
arm to receive 3 monthly IVR injections followed by PRN
administration, and the MLP-IVI treatment arm to receive a single
IVR dose, followed by MLP 7 days later with PRN MLP at 4 months
and beyond [23]. In this study, more frequent IVI administration in
the IVI monotherapy arm could explain why this arm was
associated with significantly greater BCVA gains compared to
the MLP-IVI arm [23]. No other studies included in this analysis
used different IVI parameters between their treatment arms, nor
did they find a statistically significant difference in BCVA gain
between IVI and MLP-IVI arms [9, 16, 20, 21, 25].
Campochiaro et al. treated all patients with either 0.5 mg or 2.0

mg of ranibizumab for the first 24 weeks, followed by re-
randomization to MLP-IVI and IVI arms, where patients received
the same dose of ranibizumab as initially assigned, along with
added MLP. From weeks 24 to 144, the MLP-IVI and IVI arms
received their treatments PRN, based on disease severity criteria.
Campochiaro et al. did not report data for individual doses in the
re-randomized MLP-IVI and IVI arms. We could not differentiate
whether the dose of ranibizumab may have affected our
outcomes in this or any other study.

LIMITATIONS
The limitations of this meta-analysis include the paucity of studies
comparing MLP-IVI and LPC-IVI to IVI in ME secondary to RVO.
There was an observed heterogeneity in laser parameters and
anti-VEGF dosing and agents. As several studies have low sample
sizes and short durations of follow-up, rare complications due to
treatment may not have been captured. Conclusions made at the
level of the study cohort may not be directly applicable to the
level of the individual patient.

CONCLUSION
In comparing MLP-IVI combination therapies to IVI monotherapy,
combination therapies appear to be of no added benefit
in treating ME secondary to RVO in terms of final BCVA and
structural outcomes. There was also no significant difference
between LPC-IVI combination therapies and IVI monotherapy for
the same endpoints. Future studies should examine whether the
same results are observed beyond the controlled setting of RCTs.
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