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ABSTRACT
Objective  To compare the efficacy and safety of different 
anti-vascular endothelial growth factor (VEGF) agents 
combined with different delivery methods for neovascular 
glaucoma (NVG).
Design  Systematic review and Bayesian network meta-
analysis (NMA).
Data sources  PubMed, Embase, Cochrane Library, Web of 
Science, ​ClinicalTrials.​gov, ISRCTN and Chinese databases 
including the China National Knowledge Infrastructure, 
China Science Periodical Database (Wanfang Database), 
VIP Journal Integration Platform and China Biology 
Medicine Database were searched from inception to 5 
September 2022.
Eligibility criteria  We included randomised controlled 
trials (RCTs) that investigated the treatment of NVG 
using different anti-VEGF agents combined with various 
methods of drug administration, without any language 
limitations. All patients included underwent panretinal laser 
photocoagulation and there were no restrictions on prior 
glaucoma surgery.
Data extraction and synthesis  Two independent 
reviewers extracted data and assessed the risk of bias. 
Random-effect Bayesian NMA was conducted to compare 
the efficacy and safety and rank priority of anti-VEGF 
regimens. The source of heterogeneity and the related 
factors affecting the stability of the results were also 
explored. CINeMA (Confidence in Network Meta-Analysis) 
was used to assess the certainty of evidence.
Results  Our analysis included 17 RCTs involving a total of 
1311 eyes from 1228 patients. We examined five different 
treatment regimens, which used three different anti-VEGF 
drugs. The following treatments showed a significant 
decrease in intraocular pressure (IOP) compared with 
the control group at 1 month after glaucoma surgery: 
simultaneous intravitreal and intracameral injection of 
conbercept (ICCIVC) (mean difference (MD)=−11.56, 95% 
credible interval (CrI) −20.8 to −2.24), intravitreal injection 
of conbercept (MD=−8.88, 95% CrI −13.93 to −3.78), 
intravitreal injection of ranibizumab (MD=−7.62, 95% CrI 
−10.91 to −4.33) and intravitreal injection of bevacizumab 
IVB) (MD=−5.51, 95% CrI −10.79 to −0.35). The surface 

under the cumulative ranking curve (SUCRA) analysis 
indicated that ICCIVC (82.0%) may be the most effective 
regimen in reducing IOP. In terms of safety, there were no 
statistically significant differences among the interventions. 
According to the SUCRA analysis, ICCIVC (68.0%) was 
considered the safest choice with the fewest complications. 
Subgroup and meta-regression analyses showed that 
mean age was the main source of heterogeneity. Sensitivity 
analysis demonstrated the robustness of the study results.
Conclusion  ICCIVC was more effective and safer 
than other anti-VEGF regimens for NVG. Simultaneous 
intravitreal and intracameral injection was found to be the 
best route of administration, and conbercept was found 
to be the superior drug selection when compared with 
ranibizumab and bevacizumab.
PROSPERO registration number  CRD42022309676.

INTRODUCTION
Neovascular glaucoma (NVG) is a secondary 
type of glaucoma that has the potential to 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ Network meta-analysis is the best method to com-
pare interventions in the absence of head-to-head 
trials.

	⇒ To the best of our knowledge, this study is the most 
comprehensive network meta-analysis conducted 
to date as it includes all available data from com-
parative studies.

	⇒ Subgroup and meta-regression analyses were per-
formed to examine the heterogeneity within the in-
cluded studies.

	⇒ Sensitivity analysis was additionally conducted to 
assess the impact of small sample sizes and signifi-
cant heterogeneity on the study results.

	⇒ Most of the included studies were conducted in Asia, 
and as a result conbercept was the most commonly 
used anti-vascular endothelial growth factor agent, 
which could potentially have introduced a selection 
bias that may have influenced the results.
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cause vision loss. It occurs when abnormal new blood 
vessels form and obstruct the normal drainage of the 
aqueous humour in the eye.1 It is typically associated 
with ocular ischaemic diseases, such as diabetic retinop-
athy, central retinal vein occlusion and ocular ischaemic 
syndrome.2 Although NVG is a relatively rare condition, 
with a prevalence ranging from 0.01% to 0.12% in the 
population, it accounts for approximately 3.9% of all 
glaucoma cases and 9%–14.7% of all cases of secondary 
glaucoma.3

The treatment approach for NVG typically involves two 
main aspects: reducing vascular drive and controlling 
intraocular pressure (IOP).4 5 To address neovasculari-
sation, common therapeutic options include panretinal 
photocoagulation (PRP) or the administration of vascular 
endothelial growth factor (VEGF) inhibitors. At the same 
time, effective control of IOP is vital to prevent damage to 
the optic nerve and is achieved through the use of topical 
and systemic medications or surgical interventions.

Initially used in ophthalmology for treatment of 
choroidal neovascularisation in age‐related macular 
degeneration, the application of anti‐VEGF medications 
has expanded rapidly to encompass the treatment of 
various other conditions.6 7 The currently available VEGF 
inhibitors, including bevacizumab (Avastin), ranibizumab 
(Lucentis), aflibercept (Eylea) and conbercept (Lumitin), 
have been proven to be effective in suppressing anterior 
segment neovascularisation and lowering IOP.3 8–10 These 
medications are administered via intravitreal, intracam-
eral, and less frequently simultaneous intravitreal and 
intracameral routes for NVG treatment.11–14 Numerous 
researchers have also verified the effectiveness of these 
delivery modalities.15–17

We conducted a comparative analysis of different avail-
able anti-VEGF regimens (agents and delivery methods) 
for NVG using data obtained from randomised controlled 
trials (RCTs) in order to rank their priority, with the aim 
of guiding clinical practice.

METHODS
This network meta-analysis (NMA) is reported following 
the guidelines outlined in the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses extension state-
ment for reporting NMAs.18 The protocol for this study 
has been registered with PROSPERO under registration 
number CRD42022309676.

Search strategy
Two authors independently searched PubMed, Embase, 
Cochrane Library, Web of Science, ​ClinicalTrials.​gov, 
ISRCTN and Chinese databases including the China 
National Knowledge Infrastructure, China Science Peri-
odical Database (Wanfang Database), VIP Journal Inte-
gration Platform and China Biology Medicine Database 
from database inception to 5 September 2022, with no 
language restrictions. The Chinese literature mainly 
selects high-quality studies such as the Chinese Medical 

Association or core journals. A detailed process is 
provided in online supplemental material 1.

Inclusion and exclusion criteria
We included studies based on the following criteria: 
(1) participants: patients with a diagnosis of NVG; (2) 
interventions: anti-VEGF agents were administered in 
combination with diverse treatment regimens featuring 
different delivery modes—all eligible patients underwent 
PRP and there were no restrictions on prior glaucoma 
surgery; (3) comparators: placebo control, no-treatment 
control and positive control; (4) outcomes: the results of 
the included studies need to meet at least one outcome 
measure as defined in this NMA; and (5) study type: RCTs.

Studies that met any of the following criteria were 
excluded: (1) conference abstracts, reviews, meta-analyses 
or case reports; (2) patients with unknown or other types 
of glaucoma; (3) history of anti-VEGF or steroid injec-
tion, studies related to drug dosage, studies related to 
comparison of surgical methods and studies related to 
unplanned PRP; and (4) poor-quality Chinese studies.

Outcome measures
We took the IOP (mm Hg) at 1 month after antiglau-
coma surgery (a: IOP 1 month) and the incidence of 
postoperative complications during the follow-up period 
(b: complications) as our primary efficacy and safety 
outcomes, respectively. Complications encompassed 
bleeding-associated complications such as hyphaema, 
vitreous haemorrhage or suprachoroidal haemorrhage.

The secondary efficacy outcomes included the success 
rate of antiglaucoma surgery (c: success rate), using the 
definitions by the authors of the individual studies; the 
visual retention rate after antiglaucoma surgery (d: visual 
retention rate), where visual retention was determined 
by improved or unchanged visual acuity; and IOP at 6 
months after antiglaucoma surgery (e: IOP 6 months). In 
order to minimise bias, we preferably selected a common 
follow-up time point for the above outcomes. If a common 
time point was not available in the data, we used the avail-
able information during the follow-up period. Addition-
ally, for controllable NVG cases which did not require 
glaucoma surgery, the IOP at 1 month after anti-VEGF 
treatment was evaluated (f: non-surgical IOP 1 month).

Study screening process
The selection of studies was independently conducted by 
two review authors to ensure reliability. Any discrepan-
cies or disagreements were resolved through discussion 
between the two authors. Disagreements were resolved by 
a third review author.

Data extraction
Two authors independently extracted the following data: 
study characteristics (including randomisation method 
and masking of treatment allocation), patient character-
istics (mean age, sex, primary disease, stage of NVG, base-
line IOP, visual acuity), intervention measures (anti-VEGF 
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drug types and administration methods, antiglaucoma 
surgery methods) and outcome variables.

Risk of bias assessment
Two authors used the revised Cochrane risk-of-bias tool 
for randomised trials (RoB2) to assess the risk of bias; 
disagreements were resolved through discussion with a 
third investigator.19

Statistical analysis
For outcomes with at least two direct comparative studies 
available, we conducted a pairwise random-effects meta-
analysis using STATA (V.15.0). Categorical outcomes 
were assessed using ORs with corresponding 95% CIs, 
while continuous outcomes were evaluated using mean 
differences (MD) with 95% CIs.

Whenever the evidence formed a connected network 
diagram, a random-effect Bayesian NMA was conducted 
in OpenBUGS (V.3.2.3).20 We calculated the OR and the 
95% credible interval (CrI) for categorical outcomes, 
along with MD and 95% CrI for continuous outcomes, 
to estimate the regimens’ effect size, respectively. The 
summarised estimates were calculated using Markov 
chain Monte Carlo (MCMC) methods.20 To estimate 
the posterior distribution for each model, three MCMC 
simulations were initialised using 200 000 iterations for 
each simulation. However, the results are reported after 
excluding the first 100 000 iterations. Convergence was 
assessed by visually inspecting history and trace plots.

For standard pairwise meta-analyses, we estimated 
heterogeneity variances for each direct comparison, which 
was conducted by I2, and the between-studies variance 
estimate obtained by τ2 (profile likelihood estimator).21 
The heterogeneity variance, denoted by σ, represented 
the estimated SD between studies in the NMA for each 
outcome.22

We used the ‘design-by-treatment’ interaction method 
and the node-splitting method to examine global and 
local consistency, respectively.23 24 Additionally, we also 
used the node-splitting method to examine loop-closed 
inconsistency.25

The regimens were ranked based on the surface under 
the cumulative ranking curve (SUCRA).26 A higher SUCRA 
indicates better treatment efficacy.27 28 To summarise the 
efficacy and safety of all regimens, the resultant rankings 
are presented by clustered ranking plot.

Reporting bias assessment
We plotted the comparison-adjusted funnel plot to inves-
tigate small-study bias and the possibility of publication 
bias at the network level.29

Subgroup, meta-regression and sensitivity analyses
Subgroup and meta-regression analyses were conducted 
to explore the source of heterogeneity when there were 
more than 10 studies, or when the number of studies 
included in the analysis was greater than the number 
of treatments. Specifically, we investigated whether 
the surgical methods for antiglaucoma, proportion of 

retinal vein occlusion in the primary disease and mean 
age were significant sources of heterogeneity. We also 
performed sensitivity analyses to examine the robustness 
of our results. Specifically, we removed studies that fell 
outside the funnel plot, as well as small sample studies 
at the bottom of the funnel plot. These analyses helped 
us assess the impact of potential sources of bias on the 
overall results of our study.

Confidence in cumulative evidence
The overall quality of evidence was assessed by the Confi-
dence in Network Meta-Analysis (CINeMA) approach.30 
This method involves evaluating the quality of evidence 
for each outcome, considering factors such as risk of bias, 
inconsistency, indirectness, imprecision and publication 
bias. Based on the results of the evaluation, we down-
graded the quality of evidence when appropriate and 
assigned a final confidence rating of high, moderate, low 
or very low.

Patient and public involvement
None.

RESULTS
Literature search
The initial search of electronic databases and trial regis-
tration platforms yielded a total of 1112 records. After 
excluding 524 articles due to duplications and another 
548 articles based on reading the titles and abstracts, 
we selected 40 potentially eligible citations for full-text 
review. After a careful review of these full-text articles, we 
excluded 23 reports, resulting in 17 trials that met our 
inclusion criteria. These 17 trials involved 1228 partici-
pants, with a total of 1311 eyes.31–47 An outline of the 
study selection process is shown in figure 1.

Characteristics of the included studies
All 17 RCTs were two-arm studies. Of these, 13 studies 
involved antiglaucoma surgery and a total of 821 eyes. 
The remaining six studies, which involved 490 eyes, did 
not include antiglaucoma surgery. However, among them, 
there were two studies that included both antiglaucoma 
surgery and no antiglaucoma surgery groups.

Our studies covered a blank control group (Blank) and 
five different regimens for three anti-VEGF drugs, which 
are intravitreal injection of conbercept (IVC), intravitreal 
injection of ranibizumab (IVR), intravitreal injection of 
bevacizumab (IVB), intracameral injection of conbercept 
(ICC), and simultaneous intravitreal and intracameral 
injection of conbercept (ICCIVC). In total, there were 
15 possible comparisons between these treatments. Of 
these, six comparisons were made directly in the included 
studies. The baseline characteristics of each study are 
presented in online supplemental material 2.

Risk of bias results
The overall bias of the included RCTs was as follows: low 
risk 0%, some concerns risk 41.2% and high risk 58.8%. 
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It is important to note that due to the severe clinical 
symptoms and complications associated with NVG, it is 
challenging to conduct completely double-blind studies 
in this field. This limitation often leads to a higher overall 
risk of bias in the included literature. The details of the 
risk of bias assessment are shown in online supplemental 
material 3.

Pairwise meta-analysis
In terms of success rate, IVR (I2=0%, τ2=0, OR=0.25, 
95% CI 0.10 to 0.68, p=0.006) was higher than Blank. 
Regarding IOP, we found that after 1 month both IVR 
(I2=99%, τ2=24.86, MD=7.28, 95% CI 2.83 to 11.74, 
p=0.001) and IVB (I2=76.4%, τ2=10.39, MD=5.37, 95% CI 
0.87 to 9.88, p=0.019) were lower than Blank. After 6 
months, IVR (I2=98.2%, τ2=41.28, MD=8.42, 95% CI 1.97 
to 14.86, p=0.011) was lower than Blank. In the non-
surgical IOP 1 month group, the effect of IVR (I2=99%, 
τ2=26.17, MD=13.54, 95% CI 6.41 to 20.66, p<0.001) was 
found to be more effective than Blank. However, these 
studies all have significant heterogeneity and no any 

statistically significant differences were found between 
treatment groups in terms of visual retention rate and 
complications. The results of the pairwise meta-analysis 
for each outcome are presented in online supplemental 
material 4.

Network meta-analysis
Primary efficacy outcome: IOP at 1 month
Thirteen studies involving 821 eyes and 6 regimens 
reported IOP 1 month after surgery, and there were 15 
treatment comparisons. The network plot is shown in 
figure 2. Comparing the treatments with the Blank control, 
ICCIVC (MD=−11.56, 95% CrI −20.8 to −2.24), IVC 
(MD=−8.88, 95% CrI −13.93 to −3.78), IVR (MD=−7.62, 
95% CrI −10.91 to −4.33) and IVB (MD=−5.51, 95% CrI 
−10.79 to −0.35) demonstrated a favourable effect on 
IOP 1 month after surgery. However, no statistical differ-
ence was found in the remaining comparisons (figure 3). 
ICCIVC had the highest rank (82.0%) in terms of effi-
cacy in reducing IOP after 1 month. Following this, ICC 
(65.8%), IVC (64.4%), IVR (51.7%), IVB (35.0%) and 

Figure 1  Flow chart of the study selection process. PRP, panretinal photocoagulation; RCT, randomised controlled trial.
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finally the Blank control (1.1%) were ranked accordingly 
(online supplemental material 5A).

The CINeMA assessment of the evidence in our study 
mostly rated the quality as very low. In the comparison-
adjusted funnel plot (online supplemental material 5B), 
four studies were observed to fall outside the funnel 
plot, suggesting potential reporting bias, while one study 
was at the bottom of the funnel plot, indicating a small 
sample size. The meta-regression analysis revealed a 
significant association between effect size and mean age 
(0.68, 95% CrI 0.11 to 1.21). However, there was no asso-
ciation between effect size and the proportion of Retinal 
Vein Occlusion (RVO) (18.96, 95% CrI −12.38 to 50.04). 

Additionally, no statistical significance was found in the 
subgroup analysis between the different types of antiglau-
coma surgery and effect size (2.44, 95% CrI −0.58 to 5.57). 
In the sensitivity analysis, we excluded the five studies that 
fell outside and at the bottom of the funnel plot and the 
results showed that the effectiveness of ICC (MD=−9.41, 
95% CrI −16.62 to −1.98) was higher than Blank. However, 
the other regimens did not exhibit significant changes in 
their effectiveness (see figure 4 for details).

Primary safety outcome: complications
Eleven studies involving 702 eyes and 6 different treat-
ment regimens reported complications after surgery, 
leading to 15 treatment comparisons (figure  2). No 
significant differences were found in complications after 
surgery when considering all regimens (figure 3). With 
respect to ranking probabilities, ICCIVC ranked first 
(68.0%), followed by IVR (64.5%), IVC (58.2%), ICC 
(47.8%), IVB (35.4%) and Blank (26.0%) (online supple-
mental material 6A).

Similar to the findings on efficacy, the CINeMA assess-
ment indicated that the evidence quality for compli-
cations after surgery was mostly rated as very low. The 
comparison-adjusted funnel plot revealed that two studies 
fell outside the funnel plot, suggesting potential report 
bias and small sample size (online supplemental material 
6B). The results of both meta-regression and subgroup 
analyses were consistent with the primary efficacy find-
ings. Sensitivity analysis was performed by excluding two 
studies. After this exclusion, the remaining nine studies 
were subjected to NMA. The results indicated that, 
compared with the Blank control, IVB (OR=0.12, 95% 
CrI 0.03 to 0.50) was found to be safer. However, the other 
treatment regimens did not exhibit significant changes in 
terms of safety (figure 4).

Secondary efficacy outcomes: success rate
Seven studies involving 417 eyes and 4 regimens reported 
success rate after surgery, leading to 6 treatment compar-
isons. No significant differences were found between the 

Figure 2  Network plot of available treatment comparisons 
for the primary outcome. The size of the node represents 
the number of patients randomised to each regimen. Line 
width represents the number of randomised controlled 
trials comparing each pair of regimens directly. Blank, blank 
control group; ICC, intracameral injection of conbercept; 
ICCIVC, simultaneous intravitreal and intracameral injection 
of conbercept; IVB, intravitreal injection of bevacizumab; IVC, 
intravitreal injection of conbercept; IVR, intravitreal injection 
of ranibizumab.

Figure 3  Network meta-analysis of primary efficacy and safety outcomes. Regimens are reported in order of patients’ 
intraocular pressure 1 month after surgery ranking according to SUCRA. Blank, blank control group; ICC, intracameral 
injection of conbercept; ICCIVC, simultaneous intravitreal and intracameral injection of conbercept; IVB, intravitreal injection 
of bevacizumab; IVC, intravitreal injection of conbercept; IVR, intravitreal injection of ranibizumab; SUCRA, surface under the 
cumulative ranking curve.
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treatment regimens in terms of success rate. According 
to ranking probabilities based on SUCRA, IVC ranked 
first (74.8%), followed by IVR (63.3%), IVB (59.1%) 
and Blank (2.8%). CINeMA assessment mostly rated the 
quality as very low (online supplemental material 7).

Secondary efficacy outcomes: visual retention rate
Six studies involving 331 eyes and 5 regimens reported 
visual retention rate after surgery, resulting in 10 treat-
ment comparisons. Due to the inability of the Bayesian 
methods to converge, we used a random-effects NMA 
within a frequentist framework, specifically using STATA 
(V.15.0). No significant differences were found between 
the treatment regimens. According to ranking probabili-
ties based on SUCRA, IVC ranked first (94.1%), followed 
by ICCIVC (77.5%), Blank (43.1%), IVR (22.5%) and IVB 
(12.8%). CINeMA assessment mostly rated the quality as 
very low (online supplemental material 8).

Secondary efficacy outcomes: IOP at 6 months
Nine studies involving 549 eyes and 5 regimens reported 
IOP 6 months after surgery, leading to 10 treat-
ment comparisons. When compared with Blank, IVC 
(MD=−8.94, 95% CrI −15.8 to −2.08) and IVR (MD=−8.37, 
95% CrI −12.42 to −4.35) exhibited significantly lower 
IOP 6 months after surgery. However, no statistical 
difference was found in the remainder of the treatment 
comparisons. According to ranking probabilities based 
on SUCRA, ICC ranked first (77.9%), followed by IVC 
(72.2%), IVR (67.9%), IVB (24.1%) and Blank (8.0%). 
CINeMA assessment largely rated the quality as very low 
(online supplemental material 9).

Secondary outcomes: non-surgical IOP at 1 month
Six studies involving 490 eyes and 6 regimens reported 
non-surgical IOP 1 month after treatment, resulting in 15 
treatment comparisons. When compared with the Blank, 
IVR (MD=−13.5, 95% CrI −18.98 to −8.03) showed a 
significantly lower IOP. However, no statistical difference 
was found in the remaining comparisons. According to 
ranking probabilities based on SUCRA, IVR ranked first 

(91.7%), followed by ICCIVC (67.9%), ICC (58.0%), 
IVC (44.0%), IVB (23.6%) and Blank (14.9%). CINeMA 
assessment mostly rated the quality as very low (online 
supplemental material 10).

Efficacy versus safety in network analysis
The clustered ranking plot, which compares the results 
of the primary efficacy and safety analysis, indicated that 
ICCIVC was the most efficacious and safest regimen. This 
was shown by the position of this regimen on the upper 
right corner of the plot in figure 5.

Inconsistency
Heterogeneity, as represented by SD (σ), was estimated 
at 3.77 (95% CI 2.441 to 4.918) for IOP at 1 month and 
3.16 (95% CI 1.443 to 4.869) for complications. The 
test of global and local inconsistency did not detect any 
evidence of statistically significant inconsistency for the 
primary and secondary outcomes (global inconsistency: 
p=0.15–0.79). Among six outcomes, three outcomes 
covered loop-closed, all of which showed no significant 
inconsistency.

DISCUSSION
To our knowledge, this study is the first to analyse the effi-
cacy and safety of different anti-VEGF drugs combined 
with different delivery methods for NVG using Bayesian 
NMA and to prioritise different anti-VEGF regimens. At 
present, two NMAs on NVG can be retrieved, Dong et 
al’s48 49 results in 2018 and Lin et al’s study in 2022, which 
only compared the clinical efficacy and safety of various 
surgical interventions for NVG. However, combined 
with a large number of literature research and clinical 
evidence, it was found that different anti-VEGF drugs 
and their different routes of administration for the treat-
ment of NVG also have differences in clinical efficacy and 
safety. For studies on anti-VEGF drugs in the treatment of 
NVG, Simha et al’s1 review in 2020, including four RCTs, 
indicated that the use of anti-VEGF drugs in patients with 

Figure 4  Sensitivity network meta-analyses for primary efficacy and safety outcomes. Regimens are reported in order of 
patients’ intraocular pressure 1 month after surgery ranking according to SUCRA. Blank, blank control group; ICC, intracameral 
injection of conbercept; ICCIVC, simultaneous intravitreal and intracameral injection of conbercept; IVB, intravitreal injection 
of bevacizumab; IVC, intravitreal injection of conbercept; IVR, intravitreal injection of ranibizumab; SUCRA, surface under the 
cumulative ranking curve.
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NVG resulted in better resolution of iris neovascular-
isation in the short term; however, the long-term bene-
fits have not been concluded and there was insufficient 
evidence to assess the difference in adverse events with or 
without anti-VEGF drugs. A meta-analysis by Hwang and 
Lee50 in 2021 showed that the success rate of Ahmed glau-
coma valve (AGV) +IVB treatment was higher than that of 
AGV treatment alone.50 The above studies only prove that 
the combination of anti-VEGF injections can produce 
positive impact on NVG; however, the studies did not 
analyse the efficacy of NVG treatment according to the 
different types of anti-VEGF and the different routes of 
administration.

In recent years, there has been an increase in the 
number of RCTs investigating the use of anti-VEGF drugs 
for NVG. However, some anti-VEGF therapies often lack 
head-to-head studies, which makes it difficult to directly 
compare their effectiveness. This study provides indi-
rect comparative evidence through the transmission of 
NMA, and the results obtained from direct and indirect 
evidence were compared.

A total of 17 RCTs involving 1311 eyes of 1228 patients 
were included in this study. Three anti-VEGF drugs were 
analysed, involving five treatment regimens, which were 
ICCIVC, IVC, ICC, IVB and IVR.

Analysis of the primary efficacy outcome (IOP at 
1 month) showed that ICCIVC, IVC, IVR and IVB were 
significantly more effective than Blank. Direct controlled 
studies were available to compare IVC, IVR, IVB and 
Blank. Because there were no direct controlled studies 
comparing ICCIVC and Blank, the evidence supporting 
this comparison came from indirect comparisons. Using 
SUCRA value as the effect size, cluster analysis suggested 

that ICCIVC had the most significant effect, followed by 
ICC, IVC, IVR and IVB. From the above ranking, it can 
be seen that conbercept has superior efficacy compared 
with ranibizumab and bevacizumab. Recent controlled 
clinical studies have also shown that conbercept has 
more advantages than ranibizumab in controlling IOP 
and improving visual acuity and has fewer postoperative 
complications. The analysis suggested that conbercept, 
formed by fusion of partial immunoglobulin regions of 
VEGF receptor-1 and VEGF receptor-2 with Fc fragment 
of human immunoglobulin G1, had a higher affinity for 
VEGF-A and placental growth factor (PIGF) compared 
with ranibizumab and bevacizumab.51 Considering the 
different delivery routes for conbercept, the analysis 
suggested that combined injection yields the best treat-
ment effect, followed by intracameral injection, which is 
superior to intravitreal injection. Bhagat et al52 reported 
that the intracameral injection route was more effective 
in controlling IOP, possibly because the drug can directly 
reach the neovascularised blood vessels of the iris and 
chamber angle after the intracameral injection. More-
over, the local concentration of anti-VEGF drugs in the 
anterior chamber was higher with intracameral injection 
compared with intravitreal injection.

Analysis of the primary safety outcome (complications) 
showed no statistical difference among all interventions. 
From the perspective of cumulative ranking probability, 
ICCIVC may be the safest among the anti-VEGF regimens 
analysed, but its SUCRA value was only slightly higher 
than that of IVR. The safety SUCRA values for all five 
anti-VEGF regimens were not significantly different from 
Blank, which indicated that the effect of anti-VEGF injec-
tion on reducing postoperative complications was not very 

Figure 5  Clustered ranking plot of anti-vascular endothelial growth factor regimens for neovascular glaucoma based on 
primary efficacy and safety outcomes. Each colour represents a group of regimens that belong to the same cluster. Regimens 
lying on the upper right corner are the most efficacious and safest. Blank, blank control group; ICC, intracameral injection 
of conbercept; ICCIVC, simultaneous intravitreal and intracameral injection of conbercept; IVB, intravitreal injection of 
bevacizumab; IVC, intravitreal injection of conbercept; IVR, intravitreal injection of ranibizumab.
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significant. A retrospective study demonstrated no signif-
icant correlation between IVB and hyphaema after anti-
glaucoma surgery,53 which is consistent with our results. 
Sugimoto et al54 believed that injection of anti-VEGF only 
reduces the neovascularisation on the surface of the iris, 
but may not completely eliminate the neovascularisation 
in the interstitium of the iris, which may explain why 
there was no significant effect on postoperative haemor-
rhagic complications.

The study conducted a reporting bias assessment for 
both the primary efficacy and safety outcome. It revealed 
the presence of publication bias and small sample size 
effects in both groups. Sensitivity analysis was carried 
out by eliminating the studies with large heterogeneity 
outside the funnel plot and the studies with small sample 
at the bottom of the funnel plot. The results did not 
change significantly, indicating that the results for the 
primary outcome were stable. In order to explore the 
heterogeneity of efficacy and safety, subgroup and meta-
regression analyses were conducted, respectively, and the 
results showed that the mean age of the participants had 
an influence on the effect size of both groups.

In this study, only three anti-VEGF regimens were 
included in the success rate group. According to the 
SUCRA value, IVC had the highest ranking, followed by 
IVR and IVB. This ranking is consistent with the efficacy 
results observed in the primary outcome analysis, indi-
cating that conbercept is of higher priority compared with 
ranibizumab and bevacizumab. It is important to note 
that the criterion for determining postoperative success 
in this outcome could not be uniformly established and 
had to be evaluated based on the definition used in each 
individual study. This variation in defining success may 
introduce some degree of bias in the analysis.

The IOP 6 months group represents the long-term 
efficacy of anti-VEGF for NVG. The results showed that 
IVC and IVR were significantly different from Blank. 
These findings for IVR were consistent with previous 
pairwise meta-analyses. However, the evidence for IVC 
was obtained through indirect comparison. ICC ranked 
highest according to SUCRA, followed by IVC, IVR and 
IVB. These rankings were similar to the efficacy results 
obtained in the primary outcome analysis. This indi-
cates that conbercept demonstrated superior efficacy 
compared with ranibizumab and bevacizumab for long-
term IOP control in patients with NVG.

For the non-surgical group, the analysis revealed 
that IVR was significantly more effective than Blank. 
According to the priority SUCRA value, the best treat-
ment was IVR, followed by ICCIVC. However, previous 
studies have confirmed that intracameral combined with 
intravitreal injection can lead to rapid regression of iris 
and chamber angle neovascularisation, with a shorter 
regression time than intracameral or intravitreal injec-
tion alone.55 56 Therefore, the rank is different from the 
published studies. We speculate the following possible 
reasons for these differences: a total of six RCTs were 
included in this outcome index, three of which had a 

baseline average IOP of >40 mm Hg, representing uncon-
trolled NVG. According to treatment guidelines, anti-
glaucoma surgery should be considered for such cases; 
however, in the original studies, antiglaucoma surgery 
was not performed, and in this NMA they were included 
in the non-surgical group, which could have biased the 
results to some extent.

This study offers several notable advantages. First, it 
is the first study to comprehensively analyse the efficacy 
and safety of different anti-VEGF drugs in combination 
with different injection methods in the treatment of 
NVG. This allows for a comparison and prioritisation 
of different anti-VEGF regimens, providing valuable 
insights for clinical decision-making. Moreover, the study 
employed NMA, which is an optimal approach when 
direct head-to-head intervention analyses are lacking. To 
address heterogeneity in the primary outcome, the study 
conducted subgroup and meta-regression analyses. These 
analyses help investigate potential sources of variation 
and explore how factors like mean age may influence 
treatment outcomes. Additionally, sensitivity analysis was 
employed to assess the impact of small sample sizes and 
large heterogeneity on the results. This analysis helps 
evaluate the stability and consistency of the findings, even 
when considering potentially influential studies. Overall, 
the methodological approaches used in this study, 
including NMA, subgroup analysis, meta-regression anal-
ysis and sensitivity analysis, contribute to a comprehen-
sive and well-rounded analysis of the efficacy and safety 
of different anti-VEGF drugs and injection methods for 
NVG treatment.

However, the results of the NMA should be interpreted 
with caution due to the following limitations: (1) As NVG 
is a rare disease, there is a lack of large-scale, multicentre 
RCTs, leading to a small sample size and limited number 
of included studies. (2) In this NMA, the credibility eval-
uation of CINeMA was generally low or very low, and the 
quality evaluation of the included studies was not ideal; 
the report bias identified through funnel plots suggested 
that publication bias may exist. (3) Most of the included 
studies were conducted in Asia, resulting in a higher 
prevalence of conbercept use, which could potentially 
introduce partial selection bias on the results. (4) For the 
analysis of complications, success rate and vision reten-
tion rate, the absence of definite time point data meant 
that data close to the specified time point were selected, 
leading to potential bias. In terms of success rate, the study 
used the original authors’ definition of surgical success 
criteria, which may have introduced bias and made direct 
comparison between studies difficult.

In summary, future research efforts should focus on 
conducting high-quality, large-scale, multicentre clin-
ical RCTs that encompass a wider range of anti-VEGF 
drug regimens, thus generating more robust evidence 
to inform clinical practice and improve outcomes for 
patients with NVG.
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CONCLUSION
This NMA provides substantial evidence for the clinical 
application of anti-VEGF drug regimens for NVG. Our 
findings suggest that ICCIVC is more effective and safer 
than the other four interventions included in the anal-
ysis. Simultaneous intravitreal and intracameral injection 
is the preferred route of administration. With regard to 
selecting a specific drug, conbercept is recommended 
over ranibizumab and bevacizumab.

Acknowledgements  We deeply appreciate all the researchers who performed the 
eligible studies that have been included in the present network meta-analysis.

Contributors  JWa conceived the study, drafted the protocol, collected the data, 
performed the statistical analysis and wrote the manuscript. Y-MG participated in 
data extraction and data analysis. Y-MG, JWe and JM contributed to the assembly 
of data, quality assessment and data interpretation. LY revised the manuscript, 
acquired funding, accepted full responsibility for the work of the study, had access 
to the data and controlled the decision to publish as the guarantor. All authors have 
read and approved the final version of the manuscript.

Funding  This work was supported by Xi’an Medical Research-Discipline Capacity 
Building Project (project name: Genetic Mechanism of Early-onset High Myopia 
Based on Next-Generation Sequencing Technology; project no: 23YXYJ0002).

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication  Not required.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data sharing not applicable as no data sets 
generated and/or analysed for this study. Materials generated or analysed during 
this study are included in this published article and supplementary files.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Jiaqi Wang http://orcid.org/0000-0002-7180-1986
Yi-Ming Guo http://orcid.org/0009-0004-2546-5194

REFERENCES
	 1	 Simha A, Aziz K, Braganza A, et al. Anti-vascular endothelial growth 

factor for neovascular glaucoma. Cochrane Database Syst Rev 
2020;2:CD007920. 

	 2	 Shazly TA, Latina MA. Latina MA: neovascular glaucoma: etiology, 
diagnosis and prognosis. Semin Ophthalmol 2009;24:113–21. 

	 3	 Urbonavičiūtė D, Buteikienė D, Janulevičienė I. A review of 
neovascular glaucoma: etiology, pathogenesis, diagnosis, and 
treatment. Medicina (Kaunas) 2022;58:12. 

	 4	 Mannina A, Olivier M, Patrianakos T. Neovascular glaucoma. Dis Mon 
2021;67:101137. 

	 5	 European glaucoma society terminology and guidelines for 
glaucoma, 5th edition. Br J Ophthalmol 2021;105(Suppl 1):1–169. 

	 6	 Solomon SD, Lindsley K, Vedula SS, et al. Anti‐Vascular endothelial 
growth factor for neovascular age‐related macular degeneration. 
Cochrane Database Syst Rev 2014;8:CD005139. 

	 7	 Andreoli CM, Miller JW. Anti-vascular endothelial growth factor 
therapy for ocular neovascular disease. Curr Opin Ophthalmol 
2007;18:502–8. 

	 8	 Bai L, Tariq F, He Y-D, et al. Intracameral anti-VEGF injection for 
advanced neovascular glaucoma after vitrectomy with silicone oil 
tamponade. Int J Ophthalmol 2021;14:456–60. 

	 9	 Jiang S, Xue S, Jia Y, et al. The efficacy and safety of intravitreal 
conbercept combined with mitomycin C augmented trabeculectomy 
for treating neovascular glaucoma. Discov Med 2020;29:113–8.

	10	 Ramji S, Nagi G, Ansari AS, et al. A systematic review and meta-
analysis of randomised controlled trials in the management of 
neovascular glaucoma: absence of consensus and variability in 
practice. Graefes Arch Clin Exp Ophthalmol 2023;261:477–501. 

	11	 Iliev ME, Domig D, Wolf-Schnurrbursch U, et al. Intravitreal 
bevacizumab (avastin) in the treatment of neovascular glaucoma. Am 
J Ophthalmol 2006;142:1054–6. 

	12	 Yazdani S, Hendi K, Pakravan M. Intravitreal bevacizumab (avastin) 
injection for neovascular glaucoma. J Glaucoma 2007;16:437–9. 

	13	 Grover S, Gupta S, Sharma R, et al. Intracameral bevacizumab 
effectively reduces aqueous vascular endothelial growth factor 
concentrations in neovascular glaucoma. Br J Ophthalmol 
2009;93:273–4. 

	14	 Yuzbasioglu E, Artunay O, Rasier R, et al. Simultaneous intravitreal 
and Intracameral injection of bevacizumab (avastin) in neovascular 
glaucoma. J Ocul Pharmacol Ther 2009;25:259–64. 

	15	 Inatani M, Higashide T, Matsushita K, et al. Efficacy and safety 
of intravitreal aflibercept injection in Japanese patients with 
neovascular glaucoma: outcomes from the VENERA study. Adv Ther 
2021;38:1106–15. 

	16	 Zhang H-T, Yang Y-X, Xu Y-Y, et al. Intravitreal bevacizumab and 
ahmed glaucoma valve implantation in patients with neovascular 
glaucoma. Int J Ophthalmol 2014;7:837–42. 

	17	 Zhao X, Wang Z, Yang X. Management of neovascular glaucoma 
with intravitreal ranibizumab, panretinal photocoagulation, and 
subsequent 5-fluorouracil augmented trabeculectomy: a case report. 
Medicine (Baltimore) 2017;96:e7221. 

	18	 Hutton B, Salanti G, Caldwell DM, et al. The PRISMA extension 
statement for reporting of systematic reviews incorporating 
network meta-analyses of health care interventions: checklist and 
explanations. Ann Intern Med 2015;162:777–84. 

	19	 Sterne JAC, Savović J, Page MJ, et al. Rob 2: a revised tool for 
assessing risk of bias in randomised trials. BMJ 2019;366:l4898. 

	20	 Dias S, Welton NJ, Sutton AJ, et al. NICE decision support unit 
technical support documents [Copyright © 2014 National Institute 
for Health and Clinical Excellence, unless otherwise stated. All 
rights reserved]. In: NICE DSU Technical Support Document 2: A 
Generalised Linear Modelling Framework for Pairwise and Network 
Meta-Analysis of Randomised Controlled Trials. London: National 
Institute for Health and Care Excellence (NICE), 2014.

	21	 Nasser M. Cochrane handbook for systematic reviews of 
interventions. Am J Public Health 2020;110:753–4. 

	22	 Dias S, Sutton AJ, Welton NJ, et al. NICE decision support unit 
technical support documents [Copyright © 2012 National Institute 
for Health and Clinical Excellence, unless otherwise stated. All rights 
reserved]. In: Heterogeneity: Subgroups, Meta-Regression, Bias And 
Bias-Adjustment. London: National Institute for Health and Care 
Excellence (NICE), 2012.

	23	 Higgins JPT, Jackson D, Barrett JK, et al. White IR: consistency and 
inconsistency in network meta-analysis: concepts and models for 
multi-arm studies. Res Synth Methods 2012;3:98–110. 

	24	 Tu YK. Using generalized linear mixed models to evaluate 
inconsistency within a network meta-analysis. Value Health 
2015;18:1120–5. 

	25	 Yu-Kang T. Node-splitting generalized linear mixed models for 
evaluation of inconsistency in network meta-analysis. Value Health 
2016;19:957–63. 

	26	 Chaimani A, Higgins JPT, Mavridis D, et al. Graphical tools for 
network meta-analysis in STATA. PLoS One 2013;8:e76654. 

	27	 Cipriani A, Higgins JPT, Geddes JR, et al. Salanti G: conceptual 
and technical challenges in network meta-analysis. Ann Intern Med 
2013;159:130–7. 

	28	 Wu H-Y, Huang J-W, Lin H-J, et al. Comparative effectiveness of 
renin-angiotensin system blockers and other antihypertensive drugs 
in patients with diabetes: systematic review and bayesian network 
meta-analysis. BMJ 2013;347:f6008. 

	29	 Sterne JA, Egger M, Smith GD. Systematic reviews in health care: 
investigating and dealing with publication and other biases in meta-
analysis. BMJ 2001;323:101–5. 

	30	 Nikolakopoulou A, Higgins JPT, Papakonstantinou T, et al. Cinema: 
an approach for assessing confidence in the results of a network 
meta-analysis. PLoS Med 2020;17:e1003082. 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 9, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
4 M

arch
 2024. 

10.1136/b
m

jo
p

en
-2023-080103 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-7180-1986
http://orcid.org/0009-0004-2546-5194
http://dx.doi.org/10.1002/14651858.CD007920.pub3
http://dx.doi.org/10.1080/08820530902800801
http://dx.doi.org/10.3390/medicina58121870
http://dx.doi.org/10.1016/j.disamonth.2021.101137
http://dx.doi.org/10.1136/bjophthalmol-2021-egsguidelines
http://dx.doi.org/10.1002/14651858.CD005139.pub3
http://dx.doi.org/10.1097/ICU.0b013e3282f0ca54
http://dx.doi.org/10.18240/ijo.2021.03.20
https://pubmed.ncbi.nlm.nih.gov/33002407
http://dx.doi.org/10.1007/s00417-022-05785-5
http://dx.doi.org/10.1016/j.ajo.2006.06.066
http://dx.doi.org/10.1016/j.ajo.2006.06.066
http://dx.doi.org/10.1097/IJG.0b013e3180457c47
http://dx.doi.org/10.1136/bjo.2008.145714
http://dx.doi.org/10.1089/jop.2008.0088
http://dx.doi.org/10.1007/s12325-020-01580-y
http://dx.doi.org/10.3980/j.issn.2222-3959.2014.05.18
http://dx.doi.org/10.1097/MD.0000000000007221
http://dx.doi.org/10.7326/M14-2385
http://dx.doi.org/10.1136/bmj.l4898
http://dx.doi.org/10.2105/AJPH.2020.305609
http://dx.doi.org/10.1002/jrsm.1044
http://dx.doi.org/10.1016/j.jval.2015.10.002
http://dx.doi.org/10.1016/j.jval.2016.07.005
http://dx.doi.org/10.1371/journal.pone.0076654
http://dx.doi.org/10.7326/0003-4819-159-2-201307160-00008
http://dx.doi.org/10.1136/bmj.f6008
http://dx.doi.org/10.1136/bmj.323.7304.101
http://dx.doi.org/10.1371/journal.pmed.1003082
http://bmjopen.bmj.com/


10 Wang J, et al. BMJ Open 2024;14:e080103. doi:10.1136/bmjopen-2023-080103

Open access�

	31	 Jianyuan G. The application of Conbercept in the treatment of 
diabetic retinopathy with stage I and II Neovascular glaucoma. Chin J 
Ocul Fundus Dis 2020;36:759–63. 

	32	 Feng-Yan F-M-X. Therapeutic effects of Ranibizumab combined with 
Trabeculectomy and Panretinal Photocoagulation for Neovascular 
glaucoma. Recent Advances in Ophthalmology 2018;38:80–3. 

	33	 Deng YZJ. Anti-VEGF medicine with PRP for Neovascular glaucoma. 
Guoji Yanke Zazhi (Int Eye Sci) 2018;18:1855–8. 

	34	 Wittström E, Holmberg H, Hvarfner C, et al. Clinical and 
electrophysiologic outcome in patients with neovascular glaucoma 
treated with and without bevacizumab. Eur J Ophthalmol 
2012;22:563–74. 

	35	 Arcieri ES, Paula JS, Jorge R, et al. Efficacy and safety of intravitreal 
bevacizumab in eyes with neovascular glaucoma undergoing ahmed 
glaucoma valve implantation: 2-year follow-up. Acta Ophthalmol 
2015;93:e1–6. 

	36	 Bai L, Wang Y, Liu X, et al. The optimization of an anti-VEGF 
therapeutic regimen for neovascular glaucoma. Front Med 
(Lausanne) 2021;8:766032. 

	37	 Mahdy RA, Nada WM, Fawzy KM, et al. Efficacy of intravitreal 
bevacizumab with panretinal photocoagulation followed by 
ahmed valve implantation in neovascular glaucoma. J Glaucoma 
2013;22:768–72. 

	38	 Yazdani S, Hendi K, Pakravan M, et al. Intravitreal bevacizumab for 
neovascular glaucoma: a randomized controlled trial. J Glaucoma 
2009;18:632–7. 

	39	 Guo X, Wang Y, Yang L, et al. Comparison of conbercept and 
ranibizumab combined mitomycin C-augmented trabeculectomy for 
neovascular glaucoma. Int Ophthalmol 2021;41:2869–77. 

	40	 Guo Fei CR. Comparison on the efficacy of the two drugs combined 
with Trabeculectomy for the treatment of Neovascular glaucoma. 
Chinese Journal of Ocular Trauma and Occupational Eye Disease 
2017;39:293–6. 

	41	 JX-d LS, Yan-ni J, Jian-jun Z. Conbercept intravitreal injection 
combined with compound Trabeculectomy and Pan-retinal 
Photocoagulation for Neovascular glaucoma. Systems Medicine 
2020;5:44–6. 

	42	 Wei L. Clinical observation of intravitreal injection of Ranibizumab 
combined with argon laser therapy in the treatment of ischemic 
Neovascular glaucoma. China Pharmacy 2018;29:1380–3. 

	43	 Wen-jing X. Effect of intravitreal injection of Ranibizumab in the 
treatment of Neovascular glaucoma and its influence on visual 

acuity and intraocular pressure. Clinical Research and Practice 
2018;3:99–100. 

	44	 Dajiang XLW. Intravitreal injection of Lucentis combined with 
Trabeculectomy for Neovascular glaucoma. Chinese Journal of 
Ocular Trauma and Occupational Eye Disease 2015;37:125–8. 

	45	 Zhen-zhen Yan H. Efficacy of intravitreal injection of Ranibizumab 
combined with Scleral Ciliary body Photocoagulation in the treatment 
of Neovascular glaucoma. China Journal of Modern Medicine 
2019;29:85–8. 

	46	 Zhang Jian ML, Yang G. GAO Yang: value of vitreous and anterior 
chamber injection of Conbercept in treatment of Neovascular 
glaucoma. China Journal of Chinese Ophthalmology 2019;29:85–8. 

	47	 Fang-fang ZLL. Intravitreal injection of Ranibizumab combined with 
Trabeculectomy and Panretinal Photocoagulation for Neovascular 
glaucoma. The Journal of Practical Medicine 2017;33:1137–40. 

	48	 Lin P, Zhao Q, He J, et al. Comparisons of the short-term 
effectiveness and safety of surgical treatment for neovascular 
glaucoma: a systematic review and network meta-analysis. BMJ 
Open 2022;12:e051794. 

	49	 Dong Z, Gong J, Liao R, et al. Effectiveness of multiple therapeutic 
strategies in neovascular glaucoma patients: a PRISMA-compliant 
network meta-analysis. Medicine (Baltimore) 2018;97:e9897. 

	50	 Hwang HB, Lee NY. Effect of anti-vascular endothelial growth factor 
on the surgical outcome of neovascular glaucoma: an overview and 
meta-analysis. Medicine (Baltimore) 2021;100:e27326. 

	51	 Su L, Ren X, Wei H, et al. Intravitreal conbercept (Kh902) for surgical 
treatment of severe proliferative diabetic retinopathy. RETINA 
2016;36:938–43. 

	52	 Bhagat PR, Agrawal KU, Tandel D. Study of the effect of injection 
bevacizumab through various routes in neovascular glaucoma. J Curr 
Glaucoma Pract 2016;10:39–48. 

	53	 Nakatake S, Yoshida S, Nakao S, et al. Hyphema is a risk factor for 
failure of trabeculectomy in neovascular glaucoma: a retrospective 
analysis. BMC Ophthalmol 2014;14:55. 

	54	 Sugimoto Y, Mochizuki H, Okumichi H, et al. Effect of intravitreal 
bevacizumab on Iris vessels in neovascular glaucoma patients. 
Graefes Arch Clin Exp Ophthalmol 2010;248:1601–9. 

	55	 Mason JO, Albert MA, Mays A, et al. Regression of neovascular 
Iris vessels by intravitreal injection of bevacizumab. Retina 
2006;26:839–41. 

	56	 Avery RL. Regression of retinal and Iris neovascularization after 
intravitreal bevacizumab (avastin) treatment. Retina 2006;26:352–4. 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 9, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
4 M

arch
 2024. 

10.1136/b
m

jo
p

en
-2023-080103 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://dx.doi.org/10.3760/cma.j.cn511434-20200812-00390
http://dx.doi.org/10.3760/cma.j.cn511434-20200812-00390
http://dx.doi.org/10.13389/j.cnki.rao.2018.0018
http://dx.doi.org/10.3980/j.issn.1672-5123.2018.10.23
http://dx.doi.org/10.5301/ejo.5000089
http://dx.doi.org/10.1111/aos.12493
http://dx.doi.org/10.3389/fmed.2021.766032
http://dx.doi.org/10.3389/fmed.2021.766032
http://dx.doi.org/10.1097/IJG.0b013e318259aec4
http://dx.doi.org/10.1097/IJG.0b013e3181997211
http://dx.doi.org/10.1007/s10792-021-01846-6
http://dx.doi.org/10.3760/cma.j.issn.2095-1477.2017.04.013
http://dx.doi.org/10.19368/j.cnki.2096-1782.2020.18.044
http://dx.doi.org/10.6039/j.issn.1001-0408.2018.10.21
http://dx.doi.org/10.19347/j.cnki.2096-1413.201832044
http://dx.doi.org/10.3760/cma.j.issn.2095-1477.2015.02.012
http://dx.doi.org/10.3760/cma.j.issn.2095-1477.2015.02.012
http://dx.doi.org/10.3969/j.issn.1005-8982.2019.14.018
http://dx.doi.org/10.13444/j.cnki.zgzyykzz.2020.08.006
http://dx.doi.org/10.3969/j.issn.1006⁃5725.2017.07.032
http://dx.doi.org/10.1136/bmjopen-2021-051794
http://dx.doi.org/10.1136/bmjopen-2021-051794
http://dx.doi.org/10.1097/MD.0000000000009897
http://dx.doi.org/10.1097/MD.0000000000027326
http://dx.doi.org/10.1097/IAE.0000000000000900
http://dx.doi.org/10.5005/jp-journals-10008-1200
http://dx.doi.org/10.5005/jp-journals-10008-1200
http://dx.doi.org/10.1186/1471-2415-14-55
http://dx.doi.org/10.1007/s00417-010-1406-x
http://dx.doi.org/10.1097/01.iae.0000230425.31296.3b
http://dx.doi.org/10.1097/00006982-200603000-00016
http://bmjopen.bmj.com/


1, Search strategy and results 
A. PubMed(n=66) 

Search: ((Glaucoma*, Neovascular OR Neovascular Glaucoma* OR NVG OR refractory 
glaucoma OR iris neovascularization OR chamber angle neovascularization) AND (Bevacizumab 
OR Conbercept OR ranibizumab OR Aflibercept  OR Vascular Endothelial Growth Factor OR 
VEGF)) AND (randomized controlled trial[Publication Type] OR randomized[Title/Abstract] OR 
placebo[Title/Abstract]) 
B. Embase(n=92) 

No.  Query Results                                          Results   Date        

#15. #1 AND #7 AND #14                                         92  5 Sep 2022  

#14. #8 OR #9 OR #10 OR #11 OR #12 OR #13                   163,424  5 Sep 2022  

#13. 'vegf':ab,ti                                           111,190  5 Sep 2022  

#12. 'vascular endothelial growth factor':ab,ti              83,366  5 Sep 2022  

#11. 'aflibercept':ab,ti                                      4,372  5 Sep 2022  

#10. 'ranibizumab':ab,ti                                      6,941  5 Sep 2022  

#9.  'conbercept':ab,ti                                         400  5 Sep 2022  

#8.  'bevacizumab':ab,ti                                     33,688  5 Sep 2022  

#7.  #2 OR #3 OR #4 OR #5 OR #6                               3,687  5 Sep 2022  

#6.  'chamber angle neovascularization':ab,ti                    12  5 Sep 2022  

#5.  'iris neovascularization':ab,ti                            516  5 Sep 2022  

#4.  'nvg':ab,ti                                                695  5 Sep 2022  

#3.  'refractory glaucoma':ab,ti                                838  5 Sep 2022  

#2.  'neovascular glaucoma':ab,ti                             2,466  5 Sep 2022  

#1.  random* OR placebo* OR 'double blind*'               2,327,259  5 Sep 2022  

G. the Cochrane library(n=113) 
ID Search Hits 

#1 MeSH descriptor: [Glaucoma, Neovascular] explode all trees 57 

#2 (Glaucomas, Neovascular or Neovascular Glaucoma or Neovascular Glaucomas or 
Glaucoma, Neovascular OR NVG):ti,ab,kw (Word variations have been searched) 355 

#3 (iris neovascularization or chamber angle neovascularization or refractory 
glaucoma):ti,ab,kw (Word variations have been searched) 277 

#4 #1 or #2 or #3 534 

#5 (Bevacizumab or Conbercept or ranibizumab or Aflibercept or Vascular Endothelial 
Growth Factor or VEGF):ti,ab,kw (Word variations have been searched) 13992 

#6 MeSH descriptor: [Bevacizumab] explode all trees 2242 

#7 (Mvasi or Avastin or Bevacizumab-awwb or Bevacizumab awwb):ti,ab,kw (Word 
variations have been searched) 912 

#8 MeSH descriptor: [Ranibizumab] explode all trees 965 

#9 (Lucentis or V2, RhuFab or RhuFab V2):ti,ab,kw (Word variations have been searched)
 446 

#10 MeSH descriptor: [Vascular Endothelial Growth Factor A] explode all trees 1394 

#11 #5 or #6 or #7 or #8 or #9 or #10 14064 

#12 MeSH descriptor: [Randomized Controlled Trial] explode all trees 118 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2023-080103:e080103. 14 2024;BMJ Open, et al. Wang J



#13 (Randomized Controlled Trial or randomly or randomized) (Word variations have been 
searched) 1345977 

#14 #12 or #13 1324842 

#15 #4 and #11 and #14 117 

C. Web of Science(n=167), ClinicalTrials.gov (n=38), ISRCNT (n=20) 
D. Chinese databases: the China Science Periodical Database (the Wanfang Database, n=213), the 
China National Knowledge Infrastructure (n=143), VIP journal integration platform (n=133) and 
China Biology Medicine database (n=127) 
using the following keywords: Neovascular Glaucoma, NVG, refractory glaucoma, iris 
neovascularization, chamber angle neovascularization, Bevacizumab, Conbercept, ranibizumab, 
Aflibercept, Vascular Endothelial Growth Factor, VEGF and rand 
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2, The characteristics of the included studies in this network meta-analysis 

The characteristics of the included studies 

Author Year Region Bias Age

（MD±SD） 

Sample Gender Primary disease Intervention Other therapy Follow-

up 

outcome 

P E Male/Female RVO DR 

Zhou et al 2016 China High 45.15±2.47 57 57 31/26 26.32% 59.65% Blank-IVR PRP+Trab(MMC) 6M a,b,c,d,e 

Yan et al 2019 China Some 57.76±4.42 80 80 45/35 NA NA Blank-IVR PRP+CPC 6M a,b,d,e 

Guo et al 2021 China High 61.59±17.32 160 160 92/68 24.38% 65% IVC-IVR PRP+Trab(MMC) 12M a,b,e 

Arcieri et al 2014 Brazil Some 60.83±10.09 40 40 24/16 47.5% 52.5% Blank-IVB PRP+AGV 24M a,b,c,e 

Yazdani et al 2007 Iran Some 60±14.9 26 26 21/5 34.62% 61.54% Blank-IVB PRP+Surgery 

(Type unknown) 

6M a,b,d,e 

Bai et al 2022 China Some 64.2 74 81 51/23 38.3% 61.7% IVC-ICC PRP+Trab(MMC) 6M a, b, e 

PRP 

Xu et al 2015 China High 52.94±2.52 37 37 26/11 45.95% 48.65% Blank-IVR PRP+CPC 6M a, e 

Guo et al 2017 China Some 53.32±5.89 68 68 48/20 77.94% 14.71% IVC-IVR PRP+Trab(MMC) 12M a,b,c,d,e 

Li et al 2020 China High 58.6±2.34 90 90 54/36 NA NA Blank-IVC PRP+Trab(MMC) 3M a, b, c 

Zhang et al 2020 China High 62.59±10.49 106 106 55/51 48.33% 51.67% IVC-ICCIVC PRP+Trab(MMC) 12M a, b, d 

PRP 
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Xi et al 2018 China High 53.96±2.23 74 82 39/35 35.14% 25.68% Blank-IVR PRP+CPC 3M a, c 

Feng et al 2018 China High 54.9±8.3 38 40 22/16 32.5% 67.5% Blank-IVR PRP+CPC 6M a,b,c,e 

Mahdy et al 2012 Egypt High 55.5±3.18 40 40 23/17 20% 77.5% Blank-IVB PRP+AGV 18M a,b,c,d 

Gou et al 2020 China Some 53.5±5.92 50 50 27/23 0 100% Blank-IVC PRP 9M f 

Lin et al 2017 China Some 45.92±6.49 176 242 93/83 NA NA Blank-IVR PRP 1M f 

Deng et al 2018 China High 57.87±4.96 93 93 50/43 27.96% 63.44% Blank-IVR PRP 1M f 

Wittström et 

al 

2011 Sweden High 78.4±8 19 19 7/12 100% 0 Blank-IVB PRP 6M f 

NA=not available; RVO=retinal vein occlusion; DR=diabetic retinopathy; P=people; E=eye; M=month; Trab (MMC)= trabeculectomy with mitomycin;AGV=Ahmed 

glaucoma valve;CPC=cyclophotocoagulation;PRP=panretinal photocoagulation;(a) IOP 1month, (b) complications, (c) success rate, (d) visual retention rate, (e) IOP 6months, 

(f) non-surgical IOP 1month; Blank=blank control group; IVC =intravitreal injection of conbercept; IVR=intravitreal injection of ranibizumab; IVB=intravitreal injection of 

bevacizumab; ICC=intracameral injection of conbercept; ICCIVC=simultaneous intravitreal and intracameral injection of conbercept. 
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4, Results from pairwise meta-analysis for each outcome: numbers, estimates and 

heterogeneity 

IOP 1month 

study I2 τ2 MD LL UL P NO.(i) sample 

Blank vs 

IVR 
99% 24.86 7.28 2.83 11.74 0.001 5 296 

Blank vs 

IVB 
76.4% 10.39 5.37 0.87 9.88 0.019 3 106 

Blank vs 

IVC 
NA NA 10.50 8.83 12.17 0.000 1 90 

IVC vs IVR 0 0 -0.25 -1.50 1.01 0.701 2 228 

IVC vs ICC NA NA 0.53 -2.22 3.28 0.705 1 41 

IVC vs 

ICCIVC 
NA NA 2.71 1.08 4.34 0.001 1 60 

complications 

study I2 τ2 OR LL UL P NO.(i) sample 

Blank vs 

IVR 
78.9% 2.41 5.12 0.67 39.15 0.115 3 177 

Blank vs 

IVB 
77.9% 3.01 2.59 0.27 25.01 0.412 3 106 

Blank vs 

IVC 
NA NA 1.54 0.24 9.66 0.65 1 90 

IVC vs IVR 0 0 0.72 0.39 1.32 0.283 2 228 

IVC vs ICC NA NA 0.57 0.16 2.07 0.395 1 41 

IVC vs 

ICCIVC 
NA NA 2.68 0.91 7.94 0.075 1 60 

Success rate 

study I2 τ2 OR LL UL P No.(i) sample 

Blank 

vs IVR 
0 0 0.25 0.10 0.68 0.006 3 179 

Blank 

vs IVB 
74% 2.61 0.23 0.02 3.01 0.26 2 80 

Blank 

vs IVC 
NA NA 0.24 0.07 0.81 0.021 1 90 

IVC vs 

IVR 
NA NA 3.09 0.12 78.55 0.494 1 68 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2023-080103:e080103. 14 2024;BMJ Open, et al. Wang J



IVC vs 

ICC 
NA NA NA NA NA NA NA NA 

IVC vs 

ICCIVC 
NA NA NA NA NA NA NA NA 

Visual retention rate 

study I2 τ2 OR LL UL P No.(i) Sample 

Blank vs 

IVR 
0 0 0.41 0.16 1.03 0.056 2 134 

Blank vs 

IVB 
73.7% 2.67 0.23 0.02 3.14 0.268 2 66 

Blank vs 

IVC 
NA NA NA NA NA NA NA NA 

IVC vs IVR NA NA 0.32 0.01 8.23 0.494 1 68 

IVC vs ICC NA NA NA NA NA NA NA NA 

IVC vs 

ICCIVC 
NA NA 0.24 0.06 0.99 0.049 1 60 

IOP 6month 

study I2 τ2 MD LL UL P No.(i) sample 

Blank vs 

IVR 
98.2% 41.28 8.42 1.97 14.86 0.011 4 214 

Blank vs 

IVB 
56.7% 21.70 2.46 -5.62 10.54 0.551 2 66 

Blank vs 

IVC 
NA NA NA NA NA NA NA NA 

IVC vs IVR 0 0 -0.48 -1.69 0.73 0.436 2 228 

IVC vs ICC NA NA 1.04 -0.31 2.39 0.132 1 41 

IVC vs 

ICCIVC 
NA NA NA NA NA NA NA NA 

Non-surgery IOP 1month  

study I2 τ2 MD LL UL P No.(i) sample 

Blank vs 

IVR 
99% 26.17 13.54 6.41 20.66 0.000 2 335 

Blank vs 

IVB 
NA NA 0.30 -9.98 10.58 0.95 1 19 

Blank vs 

IVC 
NA NA 5.24 2.64 7.84 0.000 1 50 

IVC vs ICC NA NA 1.81 -0.09 3.71 0.062 1 40 
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IVC vs 

ICCIVC 
NA NA 3.33 1.45 5.21 0.001 1 46 

No.(i)= the number of interventions 
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5a-Plots of SUCRA for the primary efficacy outcome (IOP at 1 month), the larger 
the area under the curve, the higher the ranking. 

 

5b-Comparison-adjusted funnel plot for the primary efficacy outcome (IOP 
1month) from the network meta-analysis 
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6a-Plots of SUCRA for the primary safety outcome (complications), the larger the 
area under the curve, the higher the ranking. 

 

6b-Comparison-adjusted funnel plot for the primary safety outcome 
(complications) from the network meta-analysis 
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7a-Plots of SUCRA for the secondary efficacy outcomes (success rate), the larger 
the area under the curve, the higher the ranking. 

 

7b-Comparison-adjusted funnel plot for the secondary efficacy outcomes (success 
rate) from the network meta-analysis 
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7c-Network plot of available treatment comparisons for the secondary efficacy 
outcomes (success rate). 

 
7d-The results of network meta-analysis for the secondary efficacy outcomes 
(success rate). 
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8a-Plots of SUCRA for the secondary efficacy outcomes (visual retention rate), the 
larger the area under the curve, the higher the ranking. 

  

8b-Comparison-adjusted funnel plot for the secondary efficacy outcomes (visual 
retention rate) from the network meta-analysis 
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8c-Network plot of available treatment comparisons for the secondary efficacy 
outcomes (visual retention rate). 

 
8d-The results of network meta-analysis for the secondary efficacy outcomes 
(visual retention rate). 
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9a-Plots of SUCRA for the secondary efficacy outcomes (IOP at 6 months), the 
larger the area under the curve, the higher the ranking. 

   

9b-Comparison-adjusted funnel plot for the secondary efficacy outcomes (IOP at 
6 months) from the network meta-analysis 
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9c-Network plot of available treatment comparisons for the secondary efficacy 
outcomes (IOP at 6 months). 

  

9d-The results of network meta-analysis for the secondary efficacy outcomes (IOP 
at 6 months). 
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10a-Plots of SUCRA for the secondary outcomes (non-surgical IOP at 1 month), 
the larger the area under the curve, the higher the ranking. 

   

10b-Comparison-adjusted funnel plot for the secondary outcomes (non-surgical 
IOP at 1 month) from the network meta-analysis 
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10c-Network plot of available treatment comparisons for the secondary outcomes 
(non-surgical IOP at 1 month). 

  
10d-The results of network meta-analysis for the secondary outcomes (non-
surgical IOP at 1 month). 
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RESULTS†

Study selection 17 Give numbers of studies screened, assessed for eligibility, and 

included in the review, with reasons for exclusions at each 

stage, ideally with a flow diagram. 
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Presentation of 

network structure

S3 Provide a network graph of the included studies to enable 

visualization of the geometry of the treatment network. 

Figure 1

Summary of 

network geometry

S4 Provide a brief overview of characteristics of the treatment 

network. This may include commentary on the abundance of 

trials and randomized patients for the different interventions 

and pairwise comparisons in the network, gaps of evidence in 

the treatment network, and potential biases reflected by the 

network structure.
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18 For each study, present characteristics for which data were 
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provide the citations. 
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Risk of bias within 

studies 

19 Present data on risk of bias of each study and, if available, 
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Results of 

individual studies 
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each study: 1) simple summary data for each intervention 

group, and 2) effect estimates and confidence intervals. 

Modified approaches may be needed to deal with information 

from larger networks.
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Synthesis of results 21 Present results of each meta-analysis done, including 

confidence/credible intervals. In larger networks, authors 

may focus on comparisons versus a particular comparator 

(e.g. placebo or standard care), with full findings presented in 

an appendix. League tables and forest plots may be 

considered to summarize pairwise comparisons. If additional 

summary measures were explored (such as treatment 

rankings), these should also be presented.
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Exploration for 
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S5 Describe results from investigations of inconsistency. This 
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from statistical tests, or summary of inconsistency estimates 
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Risk of bias across 

studies 

22 Present results of any assessment of risk of bias across studies 

for the evidence base being studied. 
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Results of 

additional analyses

23 Give results of additional analyses, if done (e.g., sensitivity or 

subgroup analyses, meta-regression analyses, alternative 

network geometries studied, alternative choice of prior 

distributions for Bayesian analyses, and so forth). 
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DISCUSSION

Summary of 

evidence 

24 Summarize the main findings, including the strength of 

evidence for each main outcome; consider their relevance to 

key groups (e.g., healthcare providers, users, and policy-

makers). 
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Limitations 25 Discuss limitations at study and outcome level (e.g., risk of 

bias), and at review level (e.g., incomplete retrieval of 
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identified research, reporting bias). Comment on the validity 

of the assumptions, such as transitivity and consistency. 

Comment on any concerns regarding network geometry (e.g., 

avoidance of certain comparisons).

Conclusions 26 Provide a general interpretation of the results in the context of 

other evidence, and implications for future research. 
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FUNDING

Funding 27 Describe sources of funding for the systematic review and 

other support (e.g., supply of data); role of funders for the 

systematic review. This should also include information 

regarding whether funding has been received from 

manufacturers of treatments in the network and/or whether 

some of the authors are content experts with professional 

conflicts of interest that could affect use of treatments in the 
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Line 23-25

PICOS = population, intervention, comparators, outcomes, study design.

* Text in italics indicateS wording specific to reporting of network meta-analyses that has been added to 

guidance from the PRISMA statement.

† Authors may wish to plan for use of appendices to present all relevant information in full detail for 

items in this section.
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