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Background: The intraocular injections of anti-vascular endothelial growth factor (anti-VEGF) demonstrates significant efficacy in inhibiting the formation of ocular neovascularization in neovascular glaucoma (NVG). Ahmed glaucoma valve implantation (AGVI) is extensively employed for the management of diverse glaucoma types.

Objective: To further evaluate the efficacy and safety of anti-VEGF combined with AGVI in the treatment of neovascular glaucoma.

Methods: A thorough search for randomized controlled trials (RCTs) was conducted across eight databases: PubMed, EMBASE, the Cochrane Library, Web of Science, China National Knowledge Infrastructure, Wanfang, SinoMed, and VIP. The search period was set from the inception of each database until March 2, 2024, to identify RCTs investigating the effectiveness and safety of combining AGVI with anti-VEGF therapy for NVG. We used the Cochrane Risk of Bias Assessment Tool to evaluate the quality of the literature and performed statistical analysis using Stata 15.0 software.

Results: Fourteen RCTs were included in this study. Compared with AGVI alone, the combination of anti-VEGF drugs and AGVI can reduce postoperative intraocular pressure (IOP) at 1 week [WMD = −4.03, 95% CI (−5.73, −2.34), p < 0.001], 1 month [WMD = −5.39, 95% CI (−7.05, −3.74), p < 0.001], 3 months [WMD = −6.59, 95% CI (−7.85, −5.32), p < 0.001], 6 months [WMD = −4.99, 95% CI (−9.56, −0.43), p = 0.032], and more than 12 months [WMD = −3.86, 95% CI (−6.82, −0.90), p = 0.011], with a higher Effective rate [RR = 1.27, 95% CI (1.18, 1.37), p < 0.001], decreased incidence of postoperative hyphema [RR = 0.24, 95% CI (0.15, 0.39), p < 0.001], reduced use of postoperative antiglaucoma medications [WMD = −0.48, 95% CI (−0.61, −0.35), p < 0.001], and decreased aqueous humor VEGF levels [SMD = −2.84, 95% CI (−4.37, −1.31), p < 0.001].

Conclusion: In comparison to AGVI alone, the combination of AGVI with anti-VEGF therapy has better effects in reducing IOP at various time intervals, diminishing postoperative antiglaucoma medication requirements and reducing aqueous humor VEGF levels. Furthermore, it effectively minimizes the incidence of postoperative hyphema. Nevertheless, due to the variability in the quality of the trials included, further high-quality experiments will be required in the future to substantiate this conclusion.

Systematic review registration: PROSPERO, identifier CRD42024519862, https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42024519862.
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1 Introduction

Neovascular glaucoma (NVG) constitutes a form of secondary glaucoma characterized by the emergence of rubeosis iridis and elevated intraocular pressure (IOP), which poses a potential threat to vision impairment (1). Chronically red and painful eyes are the first visible clinical symptoms of NVG, however, in younger patients, these symptoms may be absent owing to insufficient endothelial functional reserve (2). More importantly, NVG typically represents an end-stage disease associated with the potential for blindness, persistent pain, and loss of the eyeball (3). The primary etiologies of NVG include diabetic retinopathy (DR), ischemic central retinal vein occlusion (CRVO), and ocular ischemic syndrome (OIS) (4). According to relevant reports, about 40 to 45% of eyes affected by ischemic retinal vein occlusion are predisposed to developing NVG, with 80% of these cases manifesting within a timeframe of 6 to 8 months (5). Retinal ischemia leads to the release of vascular endothelial growth factors (VEGF), which diffuse into the aqueous humor and anterior segment, triggering the formation of neovascularization in the iris and anterior chamber angle, this process impedes the outflow of aqueous humor, leading to elevated IOP (6). Studies reveal a significant increase in VEGF levels in the aqueous humor of NVG patients, suggesting that VEGF plays a crucial role in mediating active intraocular neovascularization in patients with ischemic retinal diseases (7). Based on data from the European Union, the prevalence of NVG in Europe ranges from 75,000 to 113,000 individuals, constituting 3.9% of the total glaucoma cases (8). In the United States, approximately 17,500 diabetic patients suffer from iris neovascularization, with the majority experiencing proliferative diabetic retinopathy, and the incidence of iris neovascularization is as high as 65% in these patients (9).

The Ahmed valve features a unidirectional pressure-sensitive control mechanism, limiting drainage device operation to IOP levels between 8 and 14 mmHg, thereby mitigating excessive postoperative aqueous humor drainage (10). Therefore, compared to traditional trabeculectomy, the Ahmed valve is more suitable for refractory glaucoma (11). Unfortunately, research reports indicate that AGVI is associated with a high rate of encapsulation and inadequate intraocular pressure reduction (IOPR), necessitating ongoing glaucoma medication postoperatively (12). Anti-VEGF drugs such as ranibizumab and bevacizumab have been demonstrated to efficiently reduce neovascularization progression and leakage in ocular neovascular disease (13). Relevant studies also indicate that supplementary anti-VEGF therapy could be advantageous for neovascular glaucoma, given its anti-angiogenic properties (14).

Among patients with NVG undergoing AGVI, there is still a lack of consensus on the necessity of intraocular injections of anti-VEGF. Several retrospective studies have found that combined AGVI with anti-VEGF drugs can lower postoperative IOP compared to AGVI alone, reduce the use of postoperative antiglaucoma medications, and decrease the occurrence of adverse events (15, 16). Nevertheless, comparative studies by Tang et al. (17) and Ma et al. (18) found that the use of anti-VEGF drugs did not affect the final outcome of AGVI. Currently, there have been several randomized controlled trials (RCTs) comparing the postoperative outcomes of AGVI alone versus AGVI combined with intraocular injections of anti-VEGF for NVG, however, few systematic reviews or meta-analyses have been performed to compare their clinical effects and safety and most of the relevant meta-analyses mainly focus on retrospective studies. Additionally, existing meta-analyses have not examined the different anti-VEGF drugs, nor have they addressed the long-term effects of combining anti-VEGF drugs with AGVI. This study separately discussed three common anti-VEGF drugs (ranibizumab, bevacizumab, and conbercept) and examined their effects when combined with AGVI at intervals of 1 week, 1 month, 3 months, 6 months, and beyond 12 months. Subgroup analysis was also performed on follow-up time to investigate the long-term efficacy of VEGF drugs combined with AGVI. To update the existing data and better evaluate the efficacy and safety of AGVI combined with intraocular injections of anti-VEGF for NVG, we conducted this systematic review to compare the postoperative IOP, effectiveness, number of postoperative anti-glaucoma medications used, the incidence of postoperative hyphema and aqueous humor VEGF levels between the two groups. The objective is to aid clinical ophthalmologists in choosing more appropriate treatment for patients with NVG.



2 Methods

The study was registered with PROSPERO (registration number: CRD42024519862) and followed the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines, consistent with the recommendations of the Cochrane Collaboration (19, 20). Details of the PRISMA checklist can be found in Supplementary materials S1.


2.1 Search strategy

PubMed, EMBASE, the Cochrane Library, Web of Science, China National Knowledge Infrastructure, Wanfang Database, SinoMed, and the VIP Database were systematically searched for eligible studies from their inception up to March 2, 2024, by two independent authors (CZH and SJL). The search was conducted without any restrictions based on race, age, or language. We employed medical subject headings (MeSH) along with free terms and a set of keywords to formulate search strategies. For example, when searching English databases, we selected the following five core components: (1) Glaucoma Drainage Implants (e.g., Aqueous Humor Shunt, Shunt, Aqueous Humor, Shunts, Aqueous Humor, Glaucoma Filtration Implant, Aqueous Shunt, Shunt, Aqueous Shunts, Aqueous, Aqueous Humor Shunts, Aqueous Shunts, Glaucoma Drainage Implant, Drainage Implant, Glaucoma, Drainage Implants, Glaucoma, Implant, Glaucoma Drainage, Implants, Glaucoma Drainage, Glaucoma Filtration Implants, Filtration Implant, Glaucoma, Filtration Implants, Glaucoma, Implant, Glaucoma Filtration, Implants, Glaucoma Filtration); (2) vascular endothelial growth factor (e.g., VEGFs); (3) Ranibizumab (e.g., Lucentis, RhuFab V2, V2, RhuFab); (4) Bevacizumab (e.g., Avastin); (5) Glaucoma, Neovascular (e.g., Glaucomas, Neovascular, Neovascular Glaucoma, and Neovascular Glaucomas). Additionally, relevant articles from initial search meta-analyses and grey literature were reviewed and included. Detailed retrieval procedures are outlined in Supplementary materials S2.



2.2 Inclusion criteria

1. Type of study: RCTs of intraocular injections of anti-VEGF combined with AGVI in the treatment of NVG.

2. Type of participants: Patients diagnosed as NVG according to any authoritative clinical guidelines, such as Neovascular glaucoma--etipathogeny and diagnosis (21) or Consensus of Chinese experts on the diagnosis and treatment of neovascular glaucoma (22).

3. Type of interventions and controls: All patients diagnosed with NVG underwent AGVI treatment. In the experimental group, NVG patients received both AGVI therapy and intraocular injections of anti-VEGF, including ranibizumab, bevacizumab, and conbercept. We did not impose restrictions on the timing of intraocular anti-VEGF injections, whether administered preoperatively or postoperatively, both injections met the inclusion criteria.

4. Type of outcomes: Included studies examined at least one of the following outcomes:

The primary outcome:

a. Intraocular pressure (IOP): The IOP measurements obtained with the Goldmann applanation tonometer (GAT), the non-contact tonometer (NCT), and the rebound tonometer (RBT) all met the inclusion criteria for this study (23). The study selected IOP data at 1 week, 1 month, 3 months, 6 months, and more than 12 months postoperatively for follow-up.

b. Incidence of postoperative hyphema: Hyphema, a potential postoperative complication of ophthalmic surgery, was defined as hemorrhage in the anterior chamber sufficient to form a layered clot, even if minimal. Eyes with only suspended red blood cells in the anterior chamber, without forming a layered clot, were not considered to have hyphema (24). The incidence of postoperative hyphema is primarily determined by the proportion of participants experiencing postoperative hyphema to the total number of participants in the experimental or control group.

c. Effective rate: The effective rate was determined by the proportion of participants with significantly improved or recovered symptoms relative to the total number in the test or control group.

The second outcome:

d Postoperative antiglaucoma medication requirements: The primary outcome measure of this study revolves around quantifying the quantity of antiglaucoma medications required by NVG patients post-surgery.

e Aqueous humor VEGF levels: VEGF stimulated the growth of retinal endothelial cells in vitro, as did vitreous fluid containing measurable VEGF (25).



2.3 Exclusion criteria

Exclusion criteria comprise the following criteria: (1) The animal experiments, review articles, case reports, meta-analysis, any non-RCTs were ruled out. (2) The NVG patients who did not use Ahmed glaucoma drainage devices and intraocular injection of anti-VEGF would be excluded. (3) RCTs without relevant outcomes or complete data were not available. (4) Patients with concurrent intraocular diseases that could impact surgical outcomes, including congenital vitreoretinopathies and traumatic retinal detachment.



2.4 Data extraction

The two authors (CZH and SJL) conducted initial screening by reviewing the titles and abstracts of the literature, adhering to predefined inclusion and exclusion criteria. Subsequently, the final appropriate literature were identified through comprehensive reading of the full texts. The author, year, region, sample, age of the patient, intervention and control, injection dose and outcomes were extracted independently by two authors (CZH and SJL). When consensus could not be solved by discussion, the third author (YH) were consulted. When part of the data was missing from the included literature, the first author or corresponding author was contacted to acquire the necessary information.



2.5 Assessment of risk of bias

Two authors (CZH and SJL) independently assessed the risk of bias of the included studies using the Cochrane Risk of Bias Version 2 (RoB 2) assessment tool (26). RoB 2 includes the following six assessment items: (1) the random sequence generation, (2) deviations from the intended interventions, (3) missing outcome data, (4) measurement of the outcome, (5) selection of the reported result, and (6) overall bias. Each section is assessed as “low risk,” “some concern,” or “high risk,” based on the specific circumstances of the article.



2.6 Statistical analysis

The study employed Stata15.0 software for conducting a meta-analysis of the data. For continuous variables, we used the standard mean difference (SMD) or weighted mean difference (WMD) and 95% confidence interval for analysis. For binary variables, we used the risk ratio (RR) and 95% confidence interval for analysis. Considering the great differences in research methodologies, basic characteristics of NVG patients, surgical proficiency of the surgeon in each study was inevitable, statistical heterogeneity was disregarded. As a result, a random-effects model was employed for analysis on all data, irrespective of whether I2 was less than 50%. Additionally, for further investigation, we also conducted subgroup analyses on different anti-VEGF drugs. For all statistical procedures, p < 0.05 was considered statistically significant.



2.7 Sensitivity analysis

To evaluate the robustness of our findings, we conducted a sensitivity analysis, systematically excluding individual studies in sequence. If the exclusion of an article influenced the outcome and reversed the conclusion, we meticulously scrutinized the complete text of the article to ascertain its role as a potential source of heterogeneity. Conversely, this suggested the stability of the study’s findings.



2.8 Assessment of reporting bias

When the number of included studies is greater than or equal to 10, a funnel plot is employed. Initially, visual assessment is utilized to evaluate potential publication bias. Based on the generated funnel plot, the Begg’ test or the Egger’ test was both further utilized to examine publication bias.




3 Results


3.1 Study selection

Following the initial database search, 344 pieces of literature were retrieved, subsequently, after eliminating duplicate documents, the total has been reduced to 230 pieces. Through reviewing the titles and abstracts, 169 literature pieces were deemed ineligible for inclusion. These exclusions comprised 18 studies involving animal experiments, 23 conference or case reports, 53 non-RCTs, and 75 studies disqualified due to intervention measures not meeting the stipulated criteria. Finally, A total of 14 literature pieces (27–40) met the inclusion criteria. Among the 61 excluded pieces, 22 lacked pertinent outcome measures (including IOP, Incidence of postoperative hyphema, effective rate, postoperative antiglaucoma medication requirements, BCVA and aqueous humor VEGF levels), 13 did not adhere to randomized controlled trial protocols, 8 were retrospective studies and 4 were unable to furnish valid data. The specific literature screening process is shown in Figure 1.
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FIGURE 1
 Flow chart of selection studies and specific reasons for exclusion.




3.2 Study characteristics

Among the 14 studies incorporated, one study (27) was from Egypt, one (28) from Iran, one (29) from Brazil, and the remaining studies were all from China. The sample sizes in these studies varied from 9 to 48, spanning the years 2013 to 2022. Moreover, all the studies incorporated were characterized as RCTs. The treatments assessed were as follows: 3 trials (27–29) assessed the effectiveness of AGVI in combination with bevacizumab, while 7 studies (30–36) primarily examined the therapeutic effects of AGVI combined with ranibizumab. Additionally, 3 studies (37–39) concentrated on conbercept, whereas the remaining one did not specify the type of anti-VEGF drug used in the experimental group. Two studies (28, 29) favored postoperative administration, the remaining studies uniformly adopted preoperative administration of anti-VEGF drugs. Three studies (27, 29, 38) explicitly stated that all patients underwent pan-retinal photocoagulation (PRP) therapy, while three others (30, 33, 34) indicated that only a subset of patients received PRP treatment. The remaining studies provided detailed accounts of the utilization of PRP. One study (29) documented three administrations of anti-VEGF drugs, another study (38) utilized them twice, whereas the remaining investigations employed these drugs once. 4 studies (27–29, 33) had a follow-up period of 12 months or more, with the longest extending to 24 months. 3 studies (32, 34, 36) had a 6-month follow-up period, while one study (31) did not report specific follow-up durations. The remaining studies had follow-up periods of 3 months or less, with the shortest being just 1 week. The characteristics of the included studies were detailed in Table 1.



TABLE 1 Basic characteristics of the included studies.
[image: Table1]



3.3 Risk of bias

The risk of bias in the included RCTs is listed in Figure 2. In the 14 included studies, two (35, 38) utilized the random number table method, while the remaining did not provide specific descriptions of the random allocation method. Only one study (28) explicitly mentioned blinding, while the others were considered to potentially lack blinding, allowing participants and caregivers to know the allocated interventions. One study (28) had missing data, but the data in the other studies were complete, with the missing data falling within an acceptable range. None of the articles deviated from the expected interventions, nor did they selectively report results (Table 2).

[image: Figure 2]

FIGURE 2
 Risk of bias of RCTs. (A) Risk of bias graph; (B) Risk of bias summary.




TABLE 2 The outcome of the meta-analysis.
[image: Table2]



3.4 Effects of interventions


3.4.1 IOP at 1 week postoperatively

Six RCTs (27, 28, 30, 31, 37, 39), comprising 368 eyes, investigated the effects of combined AGVI with anti-VEGF drugs versus AGVI alone on IOP at 1 week postoperatively. Pooled results showed that AGVI combined with anti-VEGF was more effective in lowering IOP in NVG patients 1 week after surgery compared to AGVI alone [WMD = −4.03, 95% CI (−5.73, −2.34), p < 0.001]. The results of subgroup analysis indicated that the ranibizumab group, bevacizumab group and conbercept group all demonstrated superior efficacy in reducing intraocular pressure at 1 week postoperatively compared to AGVI alone ([WMD = −6.24, 95% CI (−7.35, −5.13), p < 0.001], [WMD = −2.71, 95% CI (−4.55, −0.87), p = 0.004] and [WMD = −3.20, 95% CI (−5.07, −1.33), p = 0.001] respectively) (Figure 3A).

[image: Figure 3]

FIGURE 3
 AGVI alone vs. AGVI combined with anti-VEGF drugs: (A) IOP at 1 week: subgroup analysis based on anti-VEGF drugs; (B) IOP at 1 month: subgroup analysis based on anti-VEGF drugs.




3.4.2 IOP at 1 month postoperatively

Six RCTs (27, 32, 33, 37, 38, 40), comprising 401 eyes, investigated the effects of combined AGVI with anti-VEGF drugs versus AGVI alone on IOP at 1 month postoperatively. Pooled results showed that AGVI combined with anti-VEGF was more effective in lowering IOP in NVG patients 1 month after surgery compared to AGVI alone [WMD = −5.39, 95% CI (−7.05, −3.74), p < 0.001]. The results of subgroup analysis indicated that the ranibizumab group and conbercept group all demonstrated superior efficacy in reducing intraocular pressure at 1 month postoperatively compared to AGVI alone ([WMD = −5.84, 95% CI (−7.68, −4.01), p < 0.001] and [WMD = −4.14, 95% CI (−6.69, −1.59), p = 0.001] respectively) (Figure 3B).



3.4.3 IOP at 3 months postoperatively

Five RCTs (27, 28, 32, 35, 37), comprising 347 eyes, investigated the effects of combined AGVI with anti-VEGF drugs versus AGVI alone on IOP at 3 months postoperatively. Pooled results showed that AGVI combined with anti-VEGF was more effective in lowering IOP in NVG patients 3 months after surgery compared to AGVI alone [WMD = −6.59, 95% CI (−7.85, −5.32), p < 0.001]. The results of subgroup analysis indicated that the ranibizumab group and bevacizumab group all demonstrated superior efficacy in reducing intraocular pressure at 3 months postoperatively compared to AGVI alone ([WMD = −6.83, 95% CI (−8.06, −5.61), p < 0.001] and [WMD = −5.88, 95% CI (−10.38, −1.39), p = 0.010] respectively) (Figure 4A).

[image: Figure 4]

FIGURE 4
 AGVI alone vs. AGVI combined with anti-VEGF drugs: (A) IOP at 3 months: subgroup analysis based on anti-VEGF drugs; (B) IOP at 6 months: subgroup analysis based on anti-VEGF drugs.




3.4.4 IOP at 6 months postoperatively

Five RCTs (27, 28, 32–34), comprising 301 eyes, investigated the effects of combined AGVI with anti-VEGF drugs versus AGVI alone on IOP at 6 months postoperatively. Pooled results showed that AGVI combined with anti-VEGF was more effective in lowering IOP in NVG patients 6 months after surgery compared to AGVI alone [WMD = −4.99, 95% CI (−9.56, −0.43), p = 0.032]. The results of subgroup analysis indicated that the ranibizumab group demonstrated superior efficacy in reducing intraocular pressure at 6 months postoperatively compared to AGVI alone [WMD = −4.19, 95% CI (−5.77, −2.62), p < 0.001]. Nevertheless, it is important to mention that the outcomes of bevacizumab group did not reach statistical significance (p = 0.260) (Figure 4B).



3.4.5 IOP more than 12 months postoperatively

Four RCTs (27–29, 33), comprising 209 eyes, investigated the effects of combined AGVI with anti-VEGF drugs versus AGVI alone on IOP more than 12 months postoperatively. Pooled results showed that AGVI combined with anti-VEGF was more effective in lowering IOP in NVG patients more than 12 months after surgery compared to AGVI alone [WMD = −3.86, 95% CI (−6.82, −0.90), p = 0.011] (Supplementary materials S3).



3.4.6 Effective rate

Nine studies (27, 28, 31, 35–40), including 628 eyes, compared the overall efficacy of AGVI combined with anti-VEGF drugs versus AGVI alone in patients with NVG. The aggregated findings demonstrated a superior overall efficacy of AGVI combined with anti-VEGF drugs compared to AGVI alone [RR = 1.27, 95% CI (1.18, 1.37), p < 0.001]. The summarized findings indicated that both ranibizumab group and conbercept group all demonstrated a significant positive impact on enhancing effective rates. ([RR = 1.27, 95% CI (1.13, 1.42), p < 0.001] and [RR = 1.30, 95% CI (1.05, 1.62), p = 0.017] respectively). However, the outcomes of bevacizumab group did not reach statistical significance (p = 0.149) (Figure 5A). Subgroup analysis based on follow-up time revealed that the efficacy of anti-VEGF drugs combined with AGVI was superior to AGVI alone at 3 months and 6 months post-operation ([RR = 1.41, 95% CI (1.18, 1.69), p < 0.001] and [RR = 1.47, 95% CI (1.13, 1.91), p = 0.004] respectively). Nevertheless, there was no significant difference in efficacy between the two groups beyond 12 months post-operation [RR = 1.42, 95% CI (0.88, 2.28), p = 0.149] (Figure 5B).

[image: Figure 5]

FIGURE 5
 AGVI alone vs. AGVI combined with anti-VEGF drugs: (A) Effective rate: subgroup analysis based on anti-VEGF drugs; (B) Effective rate: subgroup analysis based on follow-up time.




3.4.7 Incidence of postoperative hyphema

Ten studies (27, 29–32, 34, 35, 37, 38, 40), including 641 eyes, compared the incidence of postoperative hyphema of AGVI combined with anti-VEGF drugs versus AGVI alone in patients with NVG. The pooled results showed that compared to AGVI alone, the combination of AGVI with anti-VEGF drugs effectively reduces the probability of postoperative hyphema [RR = 0.24, 95% CI (0.15, 0.39), p < 0.001]. The results of subgroup analysis indicated that the ranibizumab group and bevacizumab group all demonstrated superior efficacy in reducing the incidence of postoperative hyphema ([RR = 0.27, 95% CI (0.13, 0.57), p = 0.001] and [RR = 0.26, 95% CI (0.12, 0.56), p = 0.001]). Conversely, the outcomes of conbercept group did not reach statistical significance (p = 0.186) (Figure 6A).

[image: Figure 6]

FIGURE 6
 AGVI alone vs. AGVI combined with anti-VEGF drugs: (A) Incidence of postoperative hyphema: subgroup analysis based on anti-VEGF drugs; (B) Aqueous humor VEGF levels.




3.4.8 Aqueous humor VEGF levels

Four RCTs (34, 35, 38, 39), comprising 326 eyes, investigated the effects of combined AGVI with anti-VEGF drugs versus AGVI alone on aqueous humor VEGF levels. Due to the different units for measuring aqueous humor VEGF levels in the included literature, we conducted the analysis using SMD. The pooled results showed that compared to AGVI alone, the combination of AGVI with anti-VEGF drugs had a better effect on reducing aqueous humor VEGF levels [SMD = −2.84, 95% CI (−4.37, −1.31), p < 0.001] (Figure 6B).



3.4.9 Postoperative antiglaucoma medication requirements

Four studies (29, 33, 37, 40), involving 238 eyes, compared the impact of AGVI combined with anti-VEGF drugs versus AGVI alone on postoperative glaucoma medication use in NVG patients. The pooled results showed that compared to AGVI alone, AGVI combined with anti-VEGF drugs effectively reduced the postoperative use of antiglaucoma medications [WMD = −0.48, 95% CI (−0.61, −0.35), p < 0.001] (Figure 7). Subgroup analysis based on follow-up time revealed that the use of anti-glaucoma medications was significantly lower with the combination of anti-VEGF drugs and AGVI than with AGVI alone at both 1 month and 3 months post-operation ([WMD = −0.45, 95% CI (−0.67, −0.22), p < 0.001] and [WMD = −0.50, 95% CI (−0.66, −0.34), p < 0.001] respectively) (Figure 7).

[image: Figure 7]

FIGURE 7
 AGVI alone vs. AGVI combined with anti-VEGF drugs: postoperative antiglaucoma medication requirements.





3.5 Sensitivity analysis

We conducted a sensitivity analysis to assess the impact of individual studies on the overall results of comparing the treatment outcomes for NVG using anti-VEGF drugs combined with AGVI versus AGVI alone. The findings revealed that no single study significantly impacted the final results, suggesting the robustness and stability of the study’s findings (Figure 7).



3.6 Publication bias

For outcome metrics that include 10 or more studies, we visually inspected funnel plots to explore the potential for publication bias, the funnel plots appeared slightly asymmetrical. To go further with the exploration, we used Egger’s test. Egger’s test yielded a p value of 0.835, suggesting that publication bias is unlikely to have significantly influenced the results of this study (Figure 8).

[image: Figure 8]

FIGURE 8
 Sensitivity analysis: effective rate of AGVI alone vs. AGVI combined with anti-VEGF drugs.





4 Discussion


4.1 Summary of results

This study analyzed the effectiveness and safety of combined anti-VEGF drugs and AGVI treatment for NVG, examining bevacizumab, ranibizumab, and conbercept. Results from the study demonstrated that combining anti-VEGF medications with AGVI resulted in superior outcomes compared to AGVI alone, including reduced postoperative IOP, decreased incidence of postoperative hyphema, diminished use of postoperative anti-glaucoma medications, and decreased intraocular VEGF levels. In terms of reducing intraocular pressure, both at 1 week and 1 month postoperatively, combined therapy achieved better results and could reduce postoperative medication use, consistent with the meta-analysis results by Lin et al. (41). Simultaneously, the combined therapy group exhibited a higher success rate and fewer postoperative adverse reactions, consistent with the meta-analysis findings by Chen and Mu (42) and Hwang and Lee (43). More importantly, through our research, we found that the combined therapy group had better long-term control of IOP postoperatively compared to AGVI alone. To this end, we analyzed IOP data from follow-up visits at 3 months, 6 months, and beyond 12 months postoperatively. Regarding safety, we found that the combination of anti-VEGF drugs with AGVI reduced the incidence of postoperative hyphema compared to AGVI alone. This finding is consistent with Zhou et al. (44) meta-analysis on the treatment of NVG with bevacizumab combined with AGVI.

To further explore the therapeutic effects of combining anti-VEGF drugs with AGVI on NVG, subgroup analyses were conducted on the anti-VEGF medications, including the ranibizumab, bevacizumab, and conbercept groups. Studies that did not specify the type of anti-VEGF medication used were excluded from the subgroup analyses. In the analysis of IOP results at 1 week postoperatively, all three subgroups exhibited statistically significant differences. Besides, ranibizumab group and conbercept group all demonstrated superior efficacy in reducing intraocular pressure at 1 month postoperatively compared to AGVI alone. At 3 months postoperatively, both the bevacizumab and ranibizumab groups demonstrated significant differences compared to AGVI alone. Regarding the IOP results at 6 months postoperatively, the bevacizumab group did not exhibit statistically significant differences, while the ranibizumab group showed significant differences compared to AGVI alone. However, the conbercept group did not demonstrate significant differences in reducing postoperative hyphema. Subgroup analysis based on follow-up time revealed that the efficacy of anti-VEGF drugs combined with AGVI was superior to that of AGVI alone at 3 months and 6 months post-operation. However, there was no significant difference in efficacy between the two groups beyond 12 months post-operation. Additionally, the combination group significantly reduced the use of anti-glaucoma medications at 1 month and 3 months post-operation.



4.2 Discussion of anti-VEGF combined with AGVI vs. AGVI alone

NVG is a severe secondary glaucoma. Although endoscopic cyclophotocoagulation, cyclocryotherapy, simple trabeculectomy, and traditional filtering surgery have certain therapeutic effects, the postoperative conditions of intraocular hypertension, retinal detachment, loss of vision, and atrophy of the eyeball cannot be ignored (45). AVGI modulates the flow of aqueous humor by positioning a tube between the conjunctiva and sclera, theoretically, the incorporation of a restrictive valve-like mechanism within the AGVI confers substantial advantages in controlling early postoperative IOP and reducing the risk of hypotony in contrast to trabeculectomy (46). Drainage valve implantation is also considered the gold standard for treating NVG (47). A meta-analysis by Tan et al. (48) found that AGVI yielded similar outcomes to trabeculectomy, but with a significantly reduced incidence of postoperative complications. However, in a retrospective study, Netland (49) reported a success rate of 73.1% at 1 year, 61.9% at 2 years, and only 20.6% at 5 years, and considered NVG a high risk factor of AGV implantation failure.

Intraocular anti-VEGF drugs are increasingly utilized as adjunctive therapy for refractory NVG to enhance the outcomes of glaucoma surgery in high-risk patients (50). VEGF is a potent angiogenic stimulator, facilitating multiple stages of angiogenesis such as proliferation, migration, proteolytic activity, and capillary tube formation, it plays a crucial role in both normal and pathological angiogenesis (51). In patients with NVG, the concentration of VEGF is elevated in the aqueous humor, more importantly, an abundance of VEGF enters the anterior chamber of the eye from the posterior pole, initiating neovascularization (NV) primarily from the capillaries of the minor and major arterial rings of the iris before extending to the anterior chamber angle, it also leads to disruption of the blood-retinal barrier (52, 53). The currently available anti-VEGF inhibitors, including bevacizumab and ranibizumab, have proven to be effective suppressing anterior segment neovascularization and lowering IOP (4). In order to further investigate the effectiveness of anti-VEGF medications, this meta-analysis included a subgroup analysis of three distinct anti-VEGF drugs. According to the results of subgroup analysis, ranibizumab achieved favorable outcomes. Compared to AGVI alone, combination therapy with ranibizumab can lower IOP in both short-term and long-term postoperative periods, reduce postoperative medication usage, and decrease the incidence of hyphema. This may be attributed to ranibizumab’s function as an antagonist of vascular endothelial growth factor-A (VEGF-A), allowing it to bind with high affinity to various VEGF-A isoforms (54). The binding of ranibizumab to VEGF-A inhibits the interaction between VEGF-A and its receptors (VEGFR1 and VEGFR2) on endothelial cell surfaces, thereby decreasing endothelial cell proliferation, vascular leakage, and angiogenesis (4). Ranibizumab is a monoclonal antibody fragment produced by the gram-negative bacterium Escherichia coli, with a molecular weight of 48 kD, the rationale for developing Ranibizumab as a fragment antigen-binding (Fab) is based on the hypothesis that its small size enables better tissue penetration through all retinal layers (55). Each molecule of ranibizumab possesses only one binding site for VEGF, allowing each VEGF dimer to be bound by two ranibizumab molecules (56). A study found that at clinically significant doses, bevacizumab (0.25 mg/mL) and ranibizumab (0.125 mg/mL) could completely neutralize vascular endothelial growth factor within 6 h, when diluted, bevacizumab lost its inhibitory effect at a concentration of 975 ng/mL, while ranibizumab neutralized vascular endothelial growth factor at a concentration of 120 ng/mL (57). Although the subgroup analysis results found that bevacizumab’s performance in lowering IOP at 6 months postoperatively was suboptimal, it still reduced the occurrence of hyphema. Bevacizumab as a full-length humanized, can recombinant monoclonal IgG antibody that inactivates all VEGF isoforms (58). Ha et al. (59) found in a retrospective study that among 26 patients NVG who received intravitreal injections of bevacizumab, IOP significantly decreased 1 week later, but the effect was not significant at the one-year follow-up. Ghanem et al. (60) found that 1 week after intravitreal injection of bevacizumab, significant regression of iris neovascularization could be observed in eyes with NVG. The subgroup analysis of conbercept revealed that, when compared to AGVI alone, combination therapy with conbercept can effectively decrease IOP in both short-term and long-term postoperative periods, as well as reduce the need for postoperative medication. However, it appeared to have no effect on reducing the incidence of hyphema. Placental growth factor (PlGF) primarily functions as a pro-angiogenic growth factor, exhibiting upregulation specifically in pathological conditions and conbercept can bind to dual targets (VEGF and PIGF) for antiangiogenic therapy (61). Xu et al.’s study found that intravitreal injection of conbercept can reduce the levels of IL-4, IL-22, Ang-2, PlGF, and VEGF-A in the aqueous humor (62). Subgroup analysis based on follow-up time revealed that the combination of anti-VEGF drugs and AGVI did not improve efficacy beyond 12 months post-operation. Additionally, a study by Rittiphairoj et al. (63). found no evidence that VEGF drugs can maintain long-term efficacy as an adjunct therapy. This could be because after regression of neovascularization, the iridocorneal angle appears open on gonioscopy, however, ghost vessels, which are transparent and tend to form synechiae, can lead to subsequent angle closure, additionally, VEGF cannot work on the fibrovascular membrane that closes the iridocorneal angle (64). This also may be due to the regression of iris neovascularization, which can persist for 8–10 weeks after intraocular injection but typically returns to its previous condition within 6 months. Consequently, this treatment plays a limited and temporary role in managing NVG (24). More rigorous evidence is still needed to confirm that anti-VEGF drugs can serve as an effective long-term adjunct to AGVI. According to previous studies, PRP can effectively improve retinal ischemic conditions and reduce the release of VEGF, thus preventing the development of NVG, additionally, PRP facilitates the control of IOP and enhances the long-term outcomes of surgery (65). None of the studies included in this research explicitly mentioned not using PRP, therefore, we were unable to conduct a deeper analysis of the role of PRP through subgroup analysis or other methods.

During the course of this study, we found that the majority of cases were from the same region. For that, we explored the possible reasons for this phenomenon by searching relevant literature. In a meta-analysis by Tham et al. (66), it was found that due to the relatively large population of Asians, over half (53.4%) of global primary open-angle glaucoma (POAG) cases occurred in Asia, in addition, primary angle-closure glaucoma (PACG) is the predominant type of glaucoma in the Asian population (1.1%), with over three-quarters (76.7%) of global PACG cases occurring in Asia. According to Song et al.’s study (67), the number of patients with secondary glaucoma in China increased from 340,000 (95%CI = 0.23–0.53) to 760,000 (95%CI = 0.51–1.17) by 2015. A retrospective study from a tertiary center in China revealed that patients with NVG constituted approximately 5.8% of all glaucoma patients in China (68). More importantly, the prevalence of glaucoma is positively correlated with advanced age, as China stands as the largest developing country, its population is rapidly aging, which results in a significant burden of glaucoma (69). Based on the aforementioned factors, this may explain why a large number of cases come from the same region.



4.3 Strength and limitations

This study has the following advantages: First, it includes an analysis of the current mainstream anti-VEGF drugs, which is more comprehensive and complete compared to analyzing a single anti-VEGF drug. Secondly, the paper conducts a subgroup analysis of three distinct anti-VEGF drug categories, aiming to aid clinicians in the selection of appropriate treatments. Thirdly, the outcome indicators included in this study are relatively comprehensive, covering both short-term and long-term postoperative IOP, BCVA, Incidence of postoperative hyphema, efficacy, Postoperative antiglaucoma medication requirements and aqueous humor VEGF levels. More importantly, compared to previous meta-analyses on the subject, this study exclusively included RCTs, excluding other types of research.

This study also presents certain limitations. Firstly, it is restricted to analyses of clinical practices and published studies; thus, it does not encompass research on anti-VEGF drugs currently under investigation or unpublished, including faricimab, nesvacumab, and squalamine. Secondly, the study did not exclude patients with NVG who may also suffer from other retinal conditions, such as diabetic retinopathy. Thirdly, despite the adoption of a multi-person collaborative assessment method, the bias risk assessment tool used in this systematic review still harbors unavoidable subjectivity, which may affect the final evaluation of the literature quality. Finally, as most of the included studies originate from the same region, their findings may have limited global applicability. Future research from diverse regions is necessary to validate the conclusions of this study.




5 Conclusion

In conclusion, compared to AGVI alone, the combination of AGVI with anti-VEGF drugs has a good effect in controlling postoperative intraocular pressure at different times, increasing the effective rate, reducing aqueous VEGF levels, decreasing the use of postoperative antiglaucoma drugs, and also reducing the occurrence of postoperative anterior chamber hemorrhage. Additionally, this study also found that the efficacy of ranibizumab appears to be more stable. In the future, it will be necessary to conduct multicenter, randomized, double-blind, large-sample, rigorously designed clinical trials with long-term follow-up to confirm the conclusions of this study.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

C-ZH: Writing – original draft, Writing – review & editing. S-JL: Data curation, Methodology, Writing – review & editing. Z-JZ: Software, Writing – original draft. J-QL: Writing – review & editing. QQ: Writing – review & editing. F-LX: Writing – review & editing. YH: Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Acknowledgments

The contributions of each author in the process of literature collection, data extraction, and quality assessment are gratefully appreciated.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2024.1405261/full#supplementary-material



References

 1. Senthil, S, Dada, T, Das, T, Kaushik, S, Puthuran, GV, Philip, R , et al. Neovascular glaucoma – A review. Indian J Ophthalmol. (2021) 69:525–34. doi: 10.4103/ijo.IJO_1591_20 

 2. Shazly, TA, and Latina, MA. Neovascular glaucoma: etiology, diagnosis and prognosis. Semin Ophthalmol. (2009) 24:113–21. doi: 10.1080/08820530902800801 

 3. Zemba, M, Dumitrescu, OM, Vaida, F, Dimirache, EA, Pistolea, I, Stamate, AC , et al. Micropulse vs. continuous wave transscleral cyclophotocoagulation in neovascular glaucoma. Exp Ther Med. (2022) 23:278. doi: 10.3892/etm.2022.11207


 4. Urbonavičiūtė, D, Buteikienė, D, and Janulevičienė, I. A review of neovascular glaucoma: Etiology, pathogenesis, diagnosis, and treatment. Medicina (Kaunas). (2022) 58:1870. doi: 10.3390/medicina58121870 

 5. Yang, H, Yu, X, and Sun, X. Neovascular glaucoma: handling in the future. Taiwan J Ophthalmol. (2018) 8:60–6. doi: 10.4103/tjo.tjo_39_18 

 6. Simha, A, Aziz, K, Braganza, A, Abraham, L, Samuel, P, and Lindsley, KB. Anti-vascular endothelial growth factor for neovascular glaucoma. Cochrane Database Syst Rev. (2020) 2:Cd007920. doi: 10.1002/14651858.CD007920.pub3


 7. Muth, DR, Fasler, KF, Kvanta, A, Rejdak, M, Blaser, F, and Zweifel, SA. Real-world weekly efficacy analysis of Faricimab in patients with age-related macular degeneration. Bioengineering (Basel). (2024) 11:478. doi: 10.3390/bioengineering11050478 

 8. Havens, SJ, and Gulati, V. Neovascular Glaucoma. Dev Ophthalmol. (2016) 55:196–204. doi: 10.1159/000431196


 9. Tang, Y, Shi, Y, and Fan, Z. The mechanism and therapeutic strategies for neovascular glaucoma secondary to diabetic retinopathy. Front Endocrinol (Lausanne). (2023) 14:1102361. doi: 10.3389/fendo.2023.1102361


 10. Xie, Z, Liu, H, Du, M, Zhu, M, Tighe, S, Chen, X , et al. Efficacy of Ahmed glaucoma valve implantation on neovascular glaucoma. Int J Med Sci. (2019) 16:1371–6. doi: 10.7150/ijms.35267 

 11. Elbaklish, KH, and Gomaa, WA. A one-year follow-up of two Ahmed glaucoma valve models (S2 and FP7) for refractory glaucoma: a prospective randomized trial. Clin Ophthalmol. (2020) 14:693–705. doi: 10.2147/OPTH.S224653


 12. Nouri-Mahdavi, K, and Caprioli, J. Evaluation of the hypertensive phase after insertion of the Ahmed glaucoma valve. Am J Ophthalmol. (2003) 136:1001–8. doi: 10.1016/S0002-9394(03)00630-5 

 13. Zhou, M, Wang, J, Wang, W, Huang, W, Ding, X, and Zhang, X. Placenta growth factor in eyes with neovascular glaucoma is decreased after intravitreal ranibizumab injection. PLoS One. (2016) 11:e0146993. doi: 10.1371/journal.pone.0146993 

 14. Beutel, J, Peters, S, Lüke, M, Aisenbrey, S, Szurman, P, Spitzer, MS , et al. Bevacizumab as adjuvant for neovascular glaucoma. Acta Ophthalmol. (2010) 88:103–9. doi: 10.1111/j.1755-3768.2008.01355.x 

 15. Sevim, MS, Buttanri, IB, Kugu, S, Serin, D, and Sevim, S. Effect of intravitreal bevacizumab injection before Ahmed glaucoma valve implantation in neovascular glaucoma. Ophthalmologica. (2013) 229:94–100. doi: 10.1159/000345490 

 16. Wang, Q, Zhao, XX, Wu, J, Li, HQ, and Qin, XP. Effect of intravitreal injection of bevacizumab combined with Ahmed glaucoma valve implantation on neovascular glaucoma and its influence on aqueous humor VEGF and IL-6 levels. Hebei Med. (2021) 27:789–94.


 17. Tang, M, Fu, Y, Wang, Y, Zheng, Z, Fan, Y, Sun, X , et al. Efficacy of intravitreal ranibizumab combined with Ahmed glaucoma valve implantation for the treatment of neovascular glaucoma. BMC Ophthalmol. (2016) 16:7. doi: 10.1186/s12886-016-0183-7


 18. Ma, KT, Yang, JY, Kim, JH, Kim, NR, Hong, S, Lee, ES , et al. Surgical results of Ahmed valve implantation with intraoperative bevacizumab injection in patients with neovascular glaucoma. J Glaucoma. (2012) 21:331–6. doi: 10.1097/IJG.0b013e31820e2fd0 

 19. Moher, D, Liberati, A, Tetzlaff, J, and Altman, DG. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. (2009) 6:e1000097. doi: 10.1371/journal.pmed.1000097 

 20. Cumpston, M, Li, T, Page, MJ, Chandler, J, Welch, VA, Higgins, JP , et al. Updated guidance for trusted systematic reviews: a new edition of the Cochrane handbook for systematic reviews of interventions. Cochrane Database Syst Rev. (2019) 10:ED000142. doi: 10.1002/14651858.ED000142


 21. Călugăru, D, and Călugăru, M. Neovascular glaucoma--etipathogeny and diagnosis. Oftalmologia. (2012) 56:3–14.

 22. Chinese Medical Association Ophthalmology Branch Glaucoma Group
. Expert consensus on diagnosis and treatment of neovascular glaucoma in China. Chin J Ophthalmol. (2019) 55:814–7.


 23. Porwal, AC, Shrishrimal, M, Punamia, RP, and Mathew, BC. Assessment of intraocular pressure measurement between Goldman applanation tonometer, rebound tonometer, non-contact tonometer, and its correlation with central corneal thickness. Indian J Ophthalmol. (2023) 71:1927–31. doi: 10.4103/ijo.IJO_1982_22 

 24. Nakatake, S, Yoshida, S, Nakao, S, Arita, R, Yasuda, M, Kita, T , et al. Hyphema is a risk factor for failure of trabeculectomy in neovascular glaucoma: a retrospective analysis. BMC Ophthalmol. (2014) 14:55. doi: 10.1186/1471-2415-14-55


 25. Frank, RN
. Vascular endothelial growth factor--its role in retinal vascular proliferation. N Engl J Med. (1994) 331:1519–20. doi: 10.1056/NEJM199412013312212 

 26. Sterne, JAC, Savović, J, Page, MJ, Elbers, RG, Blencowe, NS, Boutron, I , et al. RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ. (2019) 366:l4898. doi: 10.1136/bmj.l4898


 27. Mahdy, RA, Nada, WM, Fawzy, KM, Alnashar, HY, and Almosalamy, SM. Efficacy of intravitreal bevacizumab with panretinal photocoagulation followed by Ahmed valve implantation in neovascular glaucoma. J Glaucoma. (2013) 22:768–72. doi: 10.1097/IJG.0b013e318259aec4 

 28. Zarei, R, Ghasempour, M, Fakhraie, G, Eslami, Y, Mohammadi, M, Hamzeh, N , et al. Ahmed glaucoma valve implantation with and without subconjunctival bevacizumab in refractory glaucoma. Int Ophthalmol. (2021) 41:1593–603. doi: 10.1007/s10792-021-01691-7 

 29. Arcieri, ES, Paula, JS, Jorge, R, Barella, KA, Arcieri, RS, Secches, DJ , 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. doi: 10.1111/aos.12493 

 30. Xu, JH, Wang, YL, Lin, L, Shi, LX, and Zuo, J. Efficacy of intravitreal injection of ranibizumab combined with Ahmed drainage valve implantation in the treatment of neovascular glaucoma. Jiangsu Med. (2015) 41:2550–2.


 31. Li, YB, Luo, X, Liu, TX, and Hu, XY. Efficacy of Ahmed glaucoma valve implantation surgery and ranibizumab therapy in the treatment of neovascular glaucoma. Int J Ophthalmol. (2019) 19:1853–6.


 32. Zong, LM, and Cao, EB. Efficacy observation of intravitreal injection of ranibizumab combined with FP-7 Ahmed glaucoma valve implantation in the treatment of neovascular glaucoma. Zhejiang Med. (2018) 40:1347–50.


 33. Xie, Z, Sun, H, Chen, X, and Du, ML. Long-term efficacy observation of anti-VEGF treatment combined with Ahmed drainage valve implantation in the treatment of neovascular glaucoma. J Clin Ophthalmol. (2018) 26:530–3.


 34. Liu, H, and Sun, JC. Intravitreal injection of ranibizumab combined with Ahmed glaucoma valve implantation for the treatment of neovascular glaucoma. Chin J Clin Res. (2019) 32:1059–62.


 35. Xu, KK, Han, B, Han, X, Shi, BJ, Zhang, WB, and Li, W. Effects of ranibizumab combined with Ahmed glaucoma valve implantation on ocular hemodynamics and serum VEGF, PDGF in patients with neovascular glaucoma. Mod Adv Biomed. (2022) 22:2250–4.


 36. Tian, LJ, Cui, J, Lu, D, Lu, Y, and Cui, RZ. Efficacy observation of intravitreal injection of ranibizumab combined with drainage valve implantation in the treatment of 28 cases of neovascular glaucoma. J Yanbian Univ Med Coll. (2019) 42:273–5.


 37. Liu, XR
. Effect of anti-VEGF drugs combined with glaucoma drainage valve implantation in the treatment of neovascular glaucoma. Chin J Occup Eye Vis Inj. (2020) 42:611–6.


 38. Li, XY, Mei, Y, and Xa,
. Efficacy and complications analysis of anti-VEGF drugs combined with Ahmed glaucoma drainage valve implantation in the treatment of neovascular glaucoma. Chin Sci Technol Period Database Med Health. (2022) 9:0008–0011.


 39. Zheng, HF, Yang, JH, and Zhao, X. Efficacy and safety of anti-VEGF drugs combined with Ahmed glaucoma valve in the treatment of neovascular glaucoma. Clin Med. (2021) 41:70–2.


 40. Luo, GE
. Analysis of the Efficacy of Anti-VEGF Combined with Ahmed Valve in the Treatment of Neovascular Glaucoma. Yanbian University (2019).


 41. Lin, B, Chen, LL, and Li, DK. Meta-analysis of the efficacy of Ahmed glaucoma valve combined with anti-VEGF drugs in the treatment of neovascular glaucoma. Int J Ophthalmol. (2022) 22:2022–7.


 42. Chen, SZ, and Mu, YL. Meta-analysis of bevacizumab combined with Ahmed glaucoma valve implantation in the treatment of neovascular glaucoma. Int J Ophthalmol. (2020) 20:1931–6.


 43. Hwang, HB, and 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. doi: 10.1097/MD.0000000000027326


 44. Zhou, M, Xu, X, Zhang, X, and Sun, X. Clinical outcomes of Ahmed glaucoma valve implantation with or without intravitreal bevacizumab Pretreatment for neovascular glaucoma: a systematic review and meta-analysis. J Glaucoma. (2016) 25:551–7. doi: 10.1097/IJG.0000000000000241 

 45. He, Y, Tian, Y, Song, W, Su, T, Jiang, H, and Xia, X. Clinical efficacy analysis of Ahmed glaucoma valve implantation in neovascular glaucoma and influencing factors: a STROBE-compliant article. Medicine (Baltimore). (2017) 96:e8350. doi: 10.1097/MD.0000000000008350


 46. Hill, R, Ohanesian, R, Voskanyan, L, and Malayan, A. The Armenian eye care project: surgical outcomes of complicated paediatric glaucoma. Br J Ophthalmol. (2003) 87:673–6. doi: 10.1136/bjo.87.6.673 

 47. Zhou, X, Chen, J, Luo, W, and Du, Y. Short-term outcomes of trabeculectomy with or without anti-VEGF in patients with neovascular glaucoma: a systematic review and meta-analysis. Transl Vis Sci Technol. (2023) 12:12. doi: 10.1167/tvst.12.9.12 

 48. Hai Bo, T, Xin, K, Shi Heng, L, and Lin, L. Comparison of Ahmed glaucoma valve implantation and trabeculectomy for glaucoma: a systematic review and meta-analysis. PLoS One. (2015) 10:e0118142. doi: 10.1371/journal.pone.0118142 

 49. Netland, PA
. The Ahmed glaucoma valve in neovascular glaucoma (an AOS thesis). Trans Am Ophthalmol Soc. (2009) 107:325–42.


 50. Nilforushan, N, Es'haghi, A, Miraftabi, A, Abolfathzadeh, N, and Banifatemi, M. Trabeculectomy in patients with diabetes: subconjunctival mitomycin C with or without intravitreal bevacizumab. Br J Ophthalmol. (2022) 106:648–54. doi: 10.1136/bjophthalmol-2020-317324 

 51. Azimi-Nezhad, M, Stathopoulou, MG, Bonnefond, A, Rancier, M, Saleh, A, Lamont, J , et al. Associations of vascular endothelial growth factor (VEGF) with adhesion and inflammation molecules in a healthy population. Cytokine. (2013) 61:602–7. doi: 10.1016/j.cyto.2012.10.024 

 52. Zhou, M, Chen, S, Wang, W, Huang, W, Cheng, B, Ding, X , et al. Levels of erythropoietin and vascular endothelial growth factor in surgery-required advanced neovascular glaucoma eyes before and after intravitreal injection of bevacizumab. Invest Ophthalmol Vis Sci. (2013) 54:3874–9. doi: 10.1167/iovs.12-11507 

 53. Chalam, KV, Brar, VS, and Murthy, RK. Human ciliary epithelium as a source of synthesis and secretion of vascular endothelial growth factor in neovascular glaucoma. JAMA Ophthalmol. (2014) 132:1350–4. doi: 10.1001/jamaophthalmol.2014.2356 

 54. Ferrara, N, Damico, L, Shams, N, Lowman, H, and Kim, R. Development of ranibizumab, an anti-vascular endothelial growth factor antigen binding fragment, as therapy for neovascular age-related macular degeneration. Retina. (2006) 26:859–70. doi: 10.1097/01.iae.0000242842.14624.e7 

 55. Chatzimichail, E, Pfau, K, Gatzioufas, Z, and Panos, GD. Ranibizumab biosimilars in treating retinal disorders: a cost-effective revolution? Drug Des Devel Ther. (2024) 18:365–74. doi: 10.2147/DDDT.S457303


 56. Papadopoulos, N, Martin, J, Ruan, Q, Rafique, A, Rosconi, MP, Shi, E , et al. Binding and neutralization of vascular endothelial growth factor (VEGF) and related ligands by VEGF trap, ranibizumab and bevacizumab. Angiogenesis. (2012) 15:171–85. doi: 10.1007/s10456-011-9249-6 

 57. Klettner, A, and Roider, J. Comparison of bevacizumab, ranibizumab, and pegaptanib in vitro: efficiency and possible additional pathways. Invest Ophthalmol Vis Sci. (2008) 49:4523–7. doi: 10.1167/iovs.08-2055 

 58. Yilmaz, T, Cordero-Coma, M, Gallagher, MJ, and Teasley, LA. Systematic review of intravitreal bevacizumab injection for treatment of primary diabetic macular oedema. Acta Ophthalmol. (2011) 89:709–17. doi: 10.1111/j.1755-3768.2010.01918.x 

 59. Ha, JY, Lee, TH, Sung, MS, and Park, SW. Efficacy and safety of intracameral bevacizumab for treatment of neovascular glaucoma. Korean J Ophthalmol. (2017) 31:538–47. doi: 10.3341/kjo.2017.0017 

 60. Ghanem, AA, El-Kannishy, AM, El-Wehidy, AS, and El-Agamy, AF. Intravitreal bevacizumab (avastin) as an adjuvant treatment in cases of neovascular glaucoma. Middle East Afr J Ophthalmol. (2009) 16:75–9. doi: 10.4103/0974-9233.53865 

 61. Zuo, L, Zhu, S, Gu, S, and Xu, X. Anti-scarring effects of conbercept on human Tenon's fibroblasts: comparisons with bevacizumab. BMC Ophthalmol. (2023) 23:183. doi: 10.1186/s12886-023-02914-4


 62. Xu, Q, Gong, C, Qiao, L, Feng, R, Liu, H, Liu, Y , et al. Downregulation of angiogenic factors in aqueous humor associated with less intraoperative bleeding in PDR patients with NVG receiving conbercept: a randomized controlled trial. BMC Ophthalmol. (2022) 22:224. doi: 10.1186/s12886-022-02451-6


 63. Rittiphairoj, T, Roberti, G, and Michelessi, M. Anti-vascular endothelial growth factor for neovascular glaucoma. Cochrane Database Syst Rev. (2023) 4:Cd007920. doi: 10.1002/14651858.CD007920.pub4


 64. Dumbrăveanu, L, Cușnir, V, and Bobescu, D. A review of neovascular glaucoma. Etiopathogenesis and treatment. Rom J Ophthalmol. (2021) 65:315–29. doi: 10.22336/rjo.2021.66 

 65. Sato, Y, Kojimahara, N, Kitano, S, Kato, S, Ando, N, Yamaguchi, N , et al. Multicenter randomized clinical trial of retinal photocoagulation for preproliferative diabetic retinopathy. Jpn J Ophthalmol. (2012) 56:52–9. doi: 10.1007/s10384-011-0095-2 

 66. Tham, YC, Li, X, Wong, TY, Quigley, HA, Aung, T, and Cheng, CY. Global prevalence of glaucoma and projections of glaucoma burden through 2040: a systematic review and meta-analysis. Ophthalmology. (2014) 121:2081–90. doi: 10.1016/j.ophtha.2014.05.013 

 67. Song, P, Wang, J, Bucan, K, Theodoratou, E, Rudan, I, and Chan, KY. National and subnational prevalence and burden of glaucoma in China: a systematic analysis. J Glob Health. (2017) 7:020705. doi: 10.7189/jogh.07.020705


 68. Liao, N, Li, C, Jiang, H, Fang, A, Zhou, S, and Wang, Q. Neovascular glaucoma: a retrospective review from a tertiary center in China. BMC Ophthalmol. (2016) 16:14. doi: 10.1186/s12886-016-0190-8


 69. Foster, PJ, and Johnson, GJ. Glaucoma in China: how big is the problem? Br J Ophthalmol. (2001) 85:1277–82. doi: 10.1136/bjo.85.11.1277 


Copyright
 © 2024 He, Lu, Zeng, Liu, Qiu, Xue and He. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		The efficacy and safety of anti-vascular endothelial growth factor combined with Ahmed glaucoma valve implantation in the treatment of neovascular glaucoma: a systematic review and meta-analysis



		1 Introduction



		2 Methods



		2.1 Search strategy



		2.2 Inclusion criteria



		2.3 Exclusion criteria



		2.4 Data extraction



		2.5 Assessment of risk of bias



		2.6 Statistical analysis



		2.7 Sensitivity analysis



		2.8 Assessment of reporting bias









		3 Results



		3.1 Study selection



		3.2 Study characteristics



		3.3 Risk of bias



		3.4 Effects of interventions



		3.4.1 IOP at 1 week postoperatively



		3.4.2 IOP at 1 month postoperatively



		3.4.3 IOP at 3 months postoperatively



		3.4.4 IOP at 6 months postoperatively



		3.4.5 IOP more than 12 months postoperatively



		3.4.6 Effective rate



		3.4.7 Incidence of postoperative hyphema



		3.4.8 Aqueous humor VEGF levels



		3.4.9 Postoperative antiglaucoma medication requirements









		3.5 Sensitivity analysis



		3.6 Publication bias









		4 Discussion



		4.1 Summary of results



		4.2 Discussion of anti-VEGF combined with AGVI vs. AGVI alone



		4.3 Strength and limitations









		5 Conclusion



		Data availability statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/fmed-11-1405261-t002.jpg
Outcomes

0P at 1 week

10P at I month

10P at 3months

10P at 6months

10P more than 12 months

Effective rate

Incidence of postoperative hyphema

Aqueous humor VEGE levels

Postoperative antiglaucoma

medication requirements

WMD, weighted mean difference; SMD, standard mean diferences RR, sk ratio; Cl, confidence interva: , p value represents clinical significances T, tet groups C, control groups ; fixed effects model; R, random effects model IO, ntraocular pressure; VEGE, vascular

endothelial growth factor.

Sample size

368

108

100

160

401

139

170

347

167

100

301

201

100

209

628

306

170

100

641

337

100

170

326

238

WMD/RR/SMD

WMD=~403
WMD=-624
WMD=-271
WMD=-3.20
WMD=-539
WMD=-584
WMD=-4.14
WMD=-659
WMD=-683
WMD=-5.88
WMD=-499
WMD=-4.19
WMD=-636
WMD=-3.86
RR=127
RR=1.27
RR=130
RR=1.42

SMD=-284

WMD=-0.49

95%C|
(=573, -2.34)
(~735,-5.13)
(~4.55,-087)
(=5.07, ~1.33)
(=705, -3.74)
(=768, -4.01)
(=669, ~1.59)
(~785,~5.32)
(~8.06, ~5.61)
(1038, -1.39)
(~9.56, ~0.43)
(-5.77,~262)
(=17.44,471)
(~6.82,-0.90)
(1.18,1.37)
(113, 1.42)
(105,1.62)
(0.88,2.28)
(0.15,0.39)
(0.13,057)
(0.12,0.56)
(0.07, 1.68)
(~437,-131)
(~062,-037)

Heterogeneity

73.20%

0%

10%

31.90%

80%

0%

82.10%

61.80%

0%

89.20%

95.60%

15.80%

98.70%

86%

1.80%

0%

49.80%

75.20%

0%

0%

0%

0%

95.80%

0%

<0001
<0001
p=0004
p=0001
<0001
p <0001
p=0001
p <0001
p <0001
p=0010
p=0032
<0001
p=0260
p=0011
<0001
<0001
p=0017
p=0.149
<0001
p=0001
p=0001
p=0.186
<0001
<0001

alue

FIR

R

= = = ® = ® ® = ® = =

== = = == = =

Note

Overall
Ranibizumab group
Bevacizumab group
Conbercept group
Overall
Ranibizumab group
Conbercept group
Overall
Ranibizumab group
Bevacizumab group
Overall
Ranibizumab group
Bevacizumab group
Overall

Overall
Ranibizumab group
Conbercept group
Bevacizumab group
Overall
Ranibizumab group
Bevacizumab group
Conbercept group
Overall

Overall





OPS/images/cover.jpg
& frontiers | Frontiers in Medicine

The efficacy and safety of
anti-vascular endothelial growth
factor combined with Ahmed
glaucoma valve implantation in
the treatment of neovascular
glaucoma: a systematic review
and meta-analysis












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Medicine






OPS/images/fmed-11-1405261-g005.jpg
sy % sty %
b S—— £ RREs%C) e
[e— i Youing i @016) 127002150 1200
Voeseg 10 am s 1o S squared = .= 27002189 1208
Hon g Zvrg 02 9am 1 1908 o
Lo T 010 rraozm e Hon-Fang Zherg 2021 1190100.147 1008
anptan Xo 002) 13008170 o St sqred 5.9 =) T15000.147 1900
Subtl srod 0%, p=0700) anie 6n
Ravee Xang U @322) 119002140
Lo @018) 0o 4 Steatal Gqared = .= Ay
o Qe ) o2 3mart
ang x-oxm:om 138006.171 997
[— oo U @020 V50014107 758
sy W S s oo TG e
Rers 2o 2521 1180%,139 1847 s
St (st 7525, p= 0045 1eom 2y 22 G oo oty 17001219 a1
G Ton (2010, Y7603 41
p— o Cauared =00%,p = 1000 17 a2
e L @120 s 1 58 P
Ko 2520 1901 27 Roda A My 2013) 150021200 28
Sttt (ot 95%, p 0159 008 18 Rz Zar G021 136066139 1847
St e = 752%,p = 0045 TR0 22
Py Y Ui v (rsquared = 1%, p =0419) 12718137 10000
NOTE s e o o ot nsis. L NOTE: Weightsare o ansom et o
3% 298 o 2





OPS/images/fmed-11-1405261-g006.jpg
HongFang Zherg 221

L)

Kerghang Xo 022

%

SDEERo)  Wegt

22035 29 50

981133 9% 23

et (404 277 501

450 a5 4%

284(437431) 1000

sy &
B oy o
fve—y H

et | oarom i 3
Yooyt —— orbwoom 03
Jresc —] Ganaon 1o oo
ety [ osream 18
Kotz —t w00 160 00
Prip e = szramom we
e

G Loy — ort0m0e s
et S —— o1Om08 1o
o

e oy o) = e
o 15 St cra 1@ 0%
Sl san oo g0 > omorom %%
oo

XaoRath — ozs0m210 0
e oz — el 0500053 4
St (rsqured=00%,pr08TY) i 034007, 181) 634
Ot Gk e < oauns0m e
AT v vt et ¢

00ie9 7 ES

st





OPS/images/fmed-11-1405261-g003.jpg
s . sy N
o OB Wegn - A

T free—y ]
s i gz 200 — amenamso
p—— RN saiarsam e fearpcy ; Brtnrsions
Wwseguiau - anaasn nm rm———— P
s v o prose) <> s s un i
po— H Guang € Lo @019 e $70(825, 4191474
g Doy ) R — EERERI s (o= hpe) < aneagun
e —_— iz wn :
S ooy <> a1z u i —tn SwEE

H Xang Ve @022) i 208(am. 2082124
— i S G 2182008 e rsmnn
ot iy o) e prr—
sz ) L s un Lol

Aoy swam a0

B I < anus.om

T S o 551 et
Ot ez proom <> amism.a 000 Ot Gsqnsn 00K p 0o <> smeass arm o
NOTE s bt ss NOTE s o o st o

B o ot o5 o35





OPS/images/fmed-11-1405261-g004.jpg
s q o
& woska v o o

amiase 4 w1 Rnsere
aman sz 20 Lot ) PR
sas(acs 551 1% s 2w we

Witz amanam wm

S s 15,5203 asanam s

aaes 0 29
a0 661 2701
smenmna9 a0
anggim wm
w0 28
s 4z w0
saenam we

asaa on

s s o P

104 74 ] 174






OPS/images/fmed-11-1405261-t001.jpg
Intervention Number  Combine

regimen of anti- PRP
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References Year Region Study Sample(T/C) T @ | T @ Follow- Timeof Dosageof Outcome
design up injection  anti-VEGF
MahdyRA,etal | 2013 Egypt RCT 20120 55413 56443 AGVLB  AGVI 1 1 Yes Yes  18months | Pre-operation 125mg/0.05mL  IOP Number of
hyphaema, Total
efficiency
etal 2021 Iran RCT 30130 567+172  574%164  AGVMB  AGVI 1 1 NR NR  12months | Post- 125mg/005ml. | TOP, Total
operation efficiency
Arcieri ES 2015 Brazil RCT 20120 59254805  6240:1178  AGVIHB  AGVI 3 3 Yes  Yes  24months  Post- 0.05ml/1.25mg | TOP, Number of
operation hyphaerma,
Number of

antiglaucoma

medications
XuJH, etal 2015 China RCT 99 NR NR AGVI+R AGVI 1 1 Partial 1week Pre-operation 0.5mg. TOP, Number of
acceptance hyphacma
LiYB,etal 2019 China RCT 46/34 58.06+7.33 57.49+842  AGVI+R AGVI L 1 NR NR NR Pre-operation 10mg /ml Number of
hyphacma, Total
effciency
Zong LM, etal 2018 China RCT 38/35 56.9+8.3 552+94 AGVI+R AGVI 1 1 NR NR 6months Pre-operation  1.25mg/0.05mL  IOP, Number of
hyphaema
XieZ, etal 2018 China RCT 3135 4832+11.63  5277+1522 AGVI+R AGVI 1 1 Partial 12months Pre-operation NR 1OP, Number of
acceptance antiglaucoma
medications
LiuH, etal 2019 China RCT 31/31 55.87+9.84  55.09+10.13 AGVI+R AGVI 1 1 Partial 6months Pre-operation  1.25mg/0.05mL  IOP, Number of
acceptance hyphacma,
VEGF
Xu KK, etal 2022 China RCT 46/48 36.28+4.37 36.61+3.56  AGVI+R AGVI 1 1 NR NR 3months Pre-operation 10 mg/mL Number of

hyphaema, Total
efficiency, VEGF

Tian L), etal 2019 China RCT 28/24 NR NR AGVIIRR  AGVI 1 1 NRNR  Gmonths  Pre-operation 125mg/005mL  Total efficiency

Liu XR, etal 2020 China RCT 40/40 49.8+57 427456 AGVI+C AGVI 1 1 NR NR 3months Pre-operation 10 mg/mL 1OP, Number of
hyphacma,
Number of

antiglaucoma
‘medications,
Total efficiency
LiXY, etal 2022 China RCT 45/45 501142 50258468 AGVMC  AGVI 2 2 Yes Yes  Imonths  Pre-operation NR 10P, Number of
hyphaema, Total
efficiency, VEGF
ZhengHEetal 2021 China RCT 40/40 52124103 | 5196101  AGVIRC  AGVI 1 1 NRONR lweek Pre-operation 05mg 10P, VEGE,
Total efficiency

Luo GE, etal 2018 China RCT 28124 5885119 580+133  AGVI4anti-  AGVI 1 1 NR  NR  Imonths  Pre-operation NR 1P, Number of
VEGF hyphaema, Total

efficiency,

Number of

antiglaucoma

‘medications

NR, not report; T, test groups C, control group; RCT, randomized Controlled Trial; AGVI, Ahmed glaucoma valve implantation; IOP, intraocular pressure; VEGE, vascular endothelial growth factor; mg, milligram; ml, milliliter.
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