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Purpose: To compare 1-year clinical outcomes between patients with neovascular glaucoma (NVG) who received intravitreal anti—
vascular endothelial growth factor (anti-VEGF) therapy prior to NVG diagnosis and those who did not.

Patients and Methods: This retrospective cohort study included patients newly diagnosed with NVG at King Chulalongkorn
Memorial Hospital, Thailand, who completed a 1-year follow-up. Participants were categorized into a prior anti-VEGF group and
a non-prior anti-VEGF group. Ocular characteristics, including intraocular pressure (IOP) and number of anti-glaucoma medications,
were recorded at baseline and at 1, 3, 6, and 12 months. Best-corrected visual acuity (BCVA) and pan-retinal photocoagulation (PRP)
status were assessed at baseline and 12 months. The number of post-enrollment anti-VEGF injections, requirement for glaucoma
surgery, and NVG recurrence were evaluated at 12 months.

Results: Seventy-three eyes from 73 patients were analyzed (18 prior anti-VEGF; 55 non-prior anti-VEGF). Both groups demonstrated
significant IOP reduction at all follow-up visits compared with baseline (P<0.001), with no significant between-group differences at any time
point (P=0.205-0.898). Anti-glaucoma medications use significantly decreased in the non-prior anti-VEGF group starting from 3-month
follow-up (P<0.001), but not in the prior anti-VEGF group (P=0.082), with no significant between-group difference (P=0.586). The prior anti-
VEGF group had a higher proportion of no light perception (P=0.047), although BCVA change did not differ significantly between groups
(P=0.126). No significant between-group differences were observed in post-enrollment anti-VEGF injections, PRP status, glaucoma surgery,
or NVG recurrence (P=0.504-0.920). Baseline IOP was significantly associated with time to first glaucoma surgery (f= —0.06, P=0.005).
Conclusion: Although no significant differences in IOP reduction were observed between NVG patients with and without prior anti-
VEGF treatment, both groups achieved significant IOP reduction following treatment initiation. Patients without prior anti-VEGF therapy
demonstrated a greater reduction in medication burden at 1 year compared with those who had received prior anti-VEGF treatment.
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Introduction

Neovascular glaucoma (NVQ) is a severe form of secondary glaucoma associated with a poor prognosis and can lead to
irreversible blindness. The term was first introduced by Weiss et al in 1963, describing it as a secondary glaucoma
characterized by progressive neovascularization of the iris and trabecular meshwork,' commonly caused by ischemic
retinal diseases such as proliferative diabetic retinopathy (PDR), central retinal vein occlusion (CRVO), and ocular
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ischemic syndrome.>* These ischemic conditions trigger the upregulation of vascular endothelial growth factor (VEGF),
which promotes neovascularization and subsequent fibrous obstruction of the trabecular meshwork, leading to refractory
elevation of intraocular pressure (IOP) and irreversible optic nerve damage.4 The burden of NVG is significant, with
global studies reporting its prevalence between 0.2% and 0.55% in the general population, and comprising approximately
3.9% of all glaucoma cases, with retinal vein occlusion as the major cause.>® While these global figures provide a broad
perspective on the disease burden, local epidemiological data offer critical insights into regional variations. For instance,
in Thailand, a study by Kaewkraisorn et al reported a lower prevalence of 0.012%, highlighting a shift in primary
etiology, where PDR—rather than retinal vein occlusion—stands as the leading cause, accounting for 60.4% of cases.’
Visual impairment in NVG patients is severe, with 75% to over 90% experiencing significant vision loss. According to
Lazcano-Gomez et al, the study also found that 31% were blind in one eye, while 14% of patients were blind in both
eyes.?

While pan-retinal photocoagulation (PRP) is the standard treatment to address the underlying retinal ischemia, anti-
VEGF therapy has become a vital adjunct for inhibiting angiogenesis.>*'®"'? Although anti-VEGF agents effectively
regress neovascularization, their role in long-term IOP control, reduction of medication dependence, and the timing of
surgical intervention remains debated.''"'*?* Furthermore, while the therapeutic use of anti-VEGF in established NVG is
well-documented, the clinical impact of anti-VEGF injections administered prior to a formal NVG diagnosis, specifically
regarding the subsequent stabilization of IOP and long-term surgical requirements, remains poorly characterized.
Critically, interpreting the effects of prior anti-VEGF therapy is challenging, as such treatment may be confounded by
the baseline severity of the underlying retinal disease—given that these injections were primarily administered to manage
advanced neovascular states such as PDR.*’

The primary objective of this study is to assess the impact of prior anti-VEGF therapy administered before the
diagnosis of NVG on its efficacy in reducing IOP in patients with NVG. The secondary objective is to evaluate additional
clinical outcomes, including the number of anti-glaucoma medications required, visual acuity, the proportion of patients
undergoing glaucoma surgery, the time to surgical intervention, the recurrence rate of NVG, and the association between
baseline characteristics and clinical outcomes in NVG patients.

Materials and Methods
Participants, and Definition of Neovascular Glaucoma with General Inclusion and

Exclusion Criteria

This retrospective cohort study was approved by the Institutional Review Board of the Faculty of Medicine,
Chulalongkorn University (IRB No.131/64) in 2021. The study was conducted in accordance with the Declaration of
Helsinki. The requirement for informed consent was waived by the ethics committee due to the retrospective nature of
the study. Patients’ names, addresses, and other confidential information were neither collected nor disclosed during the
study. Patients newly diagnosed with NVG at King Chulalongkorn Memorial Hospital, Thailand, between 2010 and
2021, with a complete 1-year follow-up, were recruited for this study. NVG was defined as an eye with neovasculariza-
tion in the angle (NVA) or iris (NVI), accompanied by elevated IOP (IOP >21 mmHg). Exclusion criteria included total
blindness (ICD-10 Category 5; no light perception (NLP)) at baseline, as well as the presence of co-existing other types
of glaucoma. Eligible patients were divided into two groups: those who had previously received intravitreal anti-VEGF
treatment and those who had not. If both eyes were affected in the same patient, the right eye was chosen for analysis.

Clinical Exams and Study Protocol

Baseline characteristics, including age, gender, systemic diseases, angle types, causes of NVG, best corrected visual
acuity (BCVA), and PRP status were collected. BCVA was converted and reported into logMAR units using the European
Glaucoma Society Surgical Guide.?® Specifically, hand motion was assigned a logMAR value of 2.3, light perception was
assigned 2.8, and NLP was assigned >3.0 (calculated as 3.0 in statistical analysis). Finger count was initially set as
logMAR 2.0.%’
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The IOP was measured using the Goldmann Applanation Tonometer. If measurement was not achievable with this
device, an Icare tonometer (Icare Finland OY, Finland) or an Air Puff Tonometer (Nidek CO., LTD., Japan) was used as
an alternative. The IOP and number of anti-glaucoma medications were recorded at baseline, 1, 3, 6, and 12 months after
enrollment. Data collection allowed for flexibility in the timing of visits, with visits scheduled within 2 weeks for the
1-month visit, within 1 month for the 3-month visit, within 2 months for the 6-month visit, and within 3 months for the
12-month visit.

Other clinical outcomes recorded included BCVA and PRP status at the last follow-up visit (12 months after
enrollment), the number of post-enrollment anti-VEGF treatments, the number of glaucoma surgeries, time to first
glaucoma surgery, the number of NVG recurrences, and time to first recurrence of NVG. Recurrence of NVG was
defined as the reappearance of newly generated NVA or NVI, or the presence of hyphema, along with elevated IOP
(>21 mmHg).

Statistical Analysis

Baseline characteristics and clinical outcomes were compared between patients with and without prior intravitreal anti-
VEGF treatment. Categorical variables were analyzed using the chi-square test. Data normality for continuous variables
was assessed using the Shapiro—Wilk test; normally distributed data were compared using the unpaired z-test, while non-
normally distributed data were analyzed using the Mann—Whitney U-test. Within-group changes in BCVA at 12 months
relative to baseline were evaluated using the Wilcoxon signed-rank test.

To evaluate longitudinal changes in IOP and the number of anti-glaucoma medications over 1 year, linear mixed-
effects models were utilized. These models assessed both within-group changes and between-group differences at each
time point, incorporating a group-by-time interaction term and adjusting for clinically relevant covariates, including age,
cause of NVG, angle type, lens status, baseline PRP status, and time to first glaucoma surgery.

The probability of NVG recurrence over time was estimated using Kaplan—Meier survival analysis and compared
between groups using the Log rank test. The correlation between baseline IOP and time to first glaucoma surgery was
assessed using Pearson’s correlation coefficient. To evaluate the association between baseline IOP and time to first
glaucoma surgery, a multivariable linear regression analysis was performed using a parsimonious approach. The final
model adjusted for clinically relevant confounders, including age, cause of NVG, and prior intravitreal anti-VEGF
treatment. Finally, the association of angle type with time to first glaucoma surgery and longitudinal IOP changes was
examined using linear regression and linear mixed-effects models (with patient ID as a random effect), respectively.
Statistical analysis was calculated using R version 4.5.0., XLSTAT version 2025.1.2 (Addinsoft Inc., France), and STATA
version 19.5 SE (StataCorp LLC, the USA). Statistical significance was defined as P < 0.05.

Results
A total of 73 eyes with NVG were analyzed. Of these, 18 eyes (24.7%) had previously received intravitreal anti-VEGF
injections, which included 13 (72.2%) of Bevacizumab, 2 (11.1%) of Ranibizumab, 2 (11.1%) of Aflibercept, and 1
(5.6%) of an unknown anti-VEGF agent. The median interval between the last anti-VEGF injection and study enrollment
was 122.5 days (interquartile range [IQR], 68.75-264.25 days), based on available data; two values were missing. The
remaining 55 eyes (75.3%) had not received such treatment. Baseline characteristics between the two groups were
comparable, as shown in Table 1 (P=0.184—1.000), except for PRP status, which was significantly more prevalent in the
prior anti-VEGF group compared to the non-prior group (77.8% versus 20.0%, P<0.001, Table 1). Patients with NVG in
our study were middle-aged, with approximately 85% having diabetes mellitus as a systemic comorbidity, followed by
hypertension and dyslipidemia. The majority of NVG patients presented with closed-angle glaucoma (7 eyes [38.9%] in
the prior anti-VEGF group, and 33 eyes [60.0%] in the non-prior anti-VEGF group), primarily due to ischemic
retinopathy resulting from PDR (14 eyes [77.8%] in the prior anti-VEGF group, and 31 eyes [56.4%] in the non-prior
anti-VEGF group).

IOP data were analyzed using a linear mixed-effects model, with 80% of measurements obtained via Goldmann
applanation tonometry. At baseline, the adjusted mean IOP was 48.3 mmHg (95% confidence interval [CI] 40.6-56.0) in
the prior anti-VEGF group and 42.6 mmHg (95% CI 38.7-46.6) in the non-prior anti-VEGF group, with no significant
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Table | Baseline Characteristics Comparing NVG Patients with Prior and Non-Prior Intravitreal Anti-
VEGF Treatment

Baseline Characteristics | Prior Anti-VEGF (n = 18) | Non-Prior Anti-VEGF (n = 55) | P-value®
Age 535 %158 58.0 % 13.5 0.244
Gender 0.543
Male 8 (44.4%) 31 (56.4%)
Female 10 (55.6%) 24 (43.6%)
Systemic diseases
Diabetes mellitus 16 (88.9%) 47 (85.5%) 1.000
Hypertension 14 (77.8%) 35 (63.6%) 0.413
Dyslipidemia 8 (44.4%) 27 (49.1%) 0.944
Heart disease 2 (11.1%) 5(9.1%) 1.000
Chronic kidney disease 4 (22.2%) 4 (7.3%) 0.184
Cerebrovascular disease 1 (5.6%) 3 (5.5%) 1.000
No underlying diseases 0 (0%) 2 (3.6%) 1.000
Angle type of NVG 0.443
Closed 7 (38.9%) 33 (60.0%)
Opened 4 (22.2%) 9 (16.4%)
Undertermined 1 (5.6%) 3 (5.5%)
Unknown 6 (33.3%) 10 (18.2%)
Cause of NVG 0.325
PDR 14 (77.8%) 31 (56.4%)
CRVO 4 (22.2%) 18 (32.7%)
QIS 0 (0%) 4 (7.3%)
Other 0 (0%) 2 (3.6%)
BCVA as logMAR 2.15 [2.00-2.30] 2.00 [1.15-2.30] 0.453
PRP status 14 (77.8%) Il (20.0%) <0.001*

Notes: Data were reported as mean * standard deviation (SD) or median [interquartile range (IQR)] for continuous variables,
depending on the data distribution, and as frequency counts (%) for categorical variables. *P-values were obtained using the Chi-
square test for comparisons of categorical variables, and the unpaired t-test or the Mann-Whitney U-test for comparisons of
continuous variables between groups, depending on the data distribution. *Statistically significant P-value <0.05.

Abbreviations: NVG, neovascular glaucoma; VEGF, vascular endothelial growth factor; PDR, proliferative diabetic retinopathy;
CRVO, central retinal venous occlusion; OIS, ocular ischemic syndrome; BCVA, best corrected visual acuity; PRP, pan-retinal
photocoagulation.

difference between the groups (95% CI —3.1 to 14.5, P=0.205; Table 2 and Figure 1). Both study groups showed
a significant reduction in IOP from baseline, starting at 1 month after enrollment, with this reduction continuing at each
follow-up visit up to 12 months (P<0.001; Table 2 and Figure 1). However, there was no significant difference in IOP
between the groups at any time point (P=0.205-0.898; Table 2 and Figure 1), and no significant overall interaction effect
(P=0.854; Table 2). After adjusting for covariates, only lens status showed a marginal association with IOP (P=0.062),
while other factors —including age (P=0.157), cause of NVG (P=0.322-0.988), angle type (P=0.326-0.679), baseline
PRP status (P=0.404), and time to first glaucoma surgery (P=0.942) —were not significant factors of IOP.

The prior anti-VEGF group did not exhibit a significant reduction in the number of anti-glaucoma medications
compared with baseline at any study visit, except at Month 6 (from 2.8 [95% CI 1.9-3.6] to 1.5 [95% CI 0.6-2.4],
P=0.030; Table 2 and Figure 2). In contrast, the number of anti-glaucoma medications in the non-prior anti-VEGF group
significantly decreased starting from 3 months after enrollment (from 2.5 [95% CI 2.0-2.9] to 1.3 [95% CI 0.8-1.7],
P<0.001; Table 2 and Figure 2), and this reduction persisted through the final visit (1.0 [95% CI 0.6-1.5], P<0.001;
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Table 2 Comparison of Intraocular Pressure and Number of Anti-Glaucoma Medications Between NVG Patients with
Prior and Non-Prior Intravitreal Anti-VEGF Treatment

Visit Prior Anti-VEGF (n = 18) | P-value® | Non-Prior Anti-VEGF (n = 55) | P-value® | P-value [95% CI]®
IOP
Baseline 48.3 [40.6-56.0] - 42.6 [38.746.6] - 0.205 [-3.1 to 14.5]
Month | 22.6 [14.9-30.3] <0.001* 21.9 [17.9-25.8] <0.001* | 0.875[-8.] to 9.5]
Month 3 19.7 [12.0-27.4] <0.001* 17.0 [13.1-21.0] <0.001* | 0.546 [-6.] to I1.5]
Month 6 17.1 [9.4-24.8] <0.001* 16.5 [12.5-20.5] <0.001* | 0.898 [-8.2 to 9.4]
Month 12 21.2 [13.5-28.8] <0.001* 15.7 [11.7-19.6] <0.001* | 0.222 [-3.3 to 14.3]
Overall Interaction 0.854

Number of anti-glaucoma medications

Baseline 2.8 [1.9-3.6] - 2.5 [2.0-2.9] - 0.591 [-0.7 to 1.3]
Month | 1.8 [0.9-2.6] 0.082 1.9 [1.5-2.4] 0.066 0.732 [-1.2 to 0.8]
Month 3 2.0 [1.1-2.9] 0.192 1.3 [0.8-1.7] <0.001* 0.147 [-0.3 to 1.7]
Month 6 1.5 [0.6-2.4] 0.030* 0.9 [0.5-1.3] <0.001* 0.231 [-0.4 to 1.6]
Month 12 1.8 [0.9-2.6] 0.082 1.0 [0.6-1.5] <0.001* 0.144 [-0.2 to 1.7]
Overall Interaction 0.586

Notes: Data were presented as adjusted means with 95% Cls, estimated using linear mixed-effects models adjusted for covariates including age, cause of
NVG, angle type, lens status, baseline pan-retinal photocoagulation status, and time to first glaucoma surgery. *P-values were obtained from linear mixed-
effects models for within-group comparisons relative to baseline. bP-values and 95% Cls represented between-group comparisons at each time point and
were derived from linear mixed-effects models adjusted for the covariates listed above, including a group-by-time interaction term to assess the overall
interaction effect. Using linear mixed-effects models: Wald x%(18) = 190.18 (Prob > 32 <0.001). *Statistically significant P-value <0.05.

Abbreviations: NVG, neovascular glaucoma; VEGF, vascular endothelial growth factor; Cl, confidence interval; IOP, intraocular pressure.

Table 2 and Figure 2) compared to baseline. However, comparisons between the groups in each visit showed no

significant differences in the number of anti-glaucoma medications used (P=0.144-0.732; Table 2 and Figure 2), or in
the overall interaction effect (P=0.586; Table 2). After adjusting for covariates, only the time to first glaucoma surgery

60

= === Prior anti-VEGF group

ts - NoON-prior anti-VEGF group

IOP (mmHg)

Months follow-up

Figure | Longitudinal trends in adjusted mean intraocular pressure (IOP) over 12 months. The dashed line represents the prior anti-vascular endothelial growth factor
(anti-VEGF) group, and the solid line represents the non-prior anti-VEGF group. Vertical error bars represent 95% confidence intervals. A linear mixed-effects model,
adjusted for age, cause of neovascular glaucoma, angle type, lens status, baseline pan-retinal photocoagulation status, and time to first glaucoma surgery, was used to
compare the longitudinal profiles between groups. Both groups showed statistically significant reductions in IOP from baseline at all follow-up visits (P < 0.001). There was
no statistically significant difference in the rate of IOP change between the two groups over the |12-month follow-up (P = 0.854 for group-by-time interaction).
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Figure 2 Longitudinal trends in adjusted mean number of anti-glaucoma medications over 12 months. The dashed line represents the prior anti-vascular endothelial growth
factor (anti-VEGF) group, and the solid line represents the non-prior anti-VEGF group. Vertical error bars indicate 95% confidence intervals. Longitudinal profiles were
compared using linear mixed-effects models adjusted for age, cause of neovascular glaucoma, angle type, lens status, baseline pan-retinal photocoagulation, and time to first
glaucoma surgery. There was no statistically significant difference in the rate of change between groups over the |2-month follow-up (P = 0.586 for group-by-time
interaction).

showed a significant association with the number of medications (=0.004, P=0.002). This indicates that for every 100
days surgery is delayed, the patient requires approximately 0.4 additional medications to maintain IOP control. Other
factors—including age (P=0.623), cause of NVG (P=0.189-0.743), angle type (P=0.543—-0.836), lens status (P=0.560),
and baseline PRP status (P=0.871) —were not significant factors.

Baseline BCVA was similar between the two study groups (P=0.453; Table 1). Regarding within-group changes, the
prior anti-VEGF group demonstrated a non-significant trend toward worsening median BCVA (from 2.15 [IQR 2.00—
2.30] to 2.55 [IQR 0.90-3.00], P=0.302), whereas the non-prior anti-VEGF group remained stable (from 2.00 [IQR 1.15-
2.30] to 2.00 [IQR 0.60-2.30], P=0.107). Although the change in BCVA between groups was not statistically significant
(P=0.126; Table 3), the prior anti-VEGF group had a higher proportion of eyes with final BCVA of NLP — 6 eyes
(33.3%) — compared with 7 eyes (12.7%) in the non-prior anti-VEGF group (P=0.047; Table 3).

No statistically significant differences were observed between the prior anti-VEGF and non—prior anti-VEGF groups
in the number of anti-VEGF injections and PRP status after enrollment, the number of eyes undergoing glaucoma surgery
and the time to first surgery, or the number of eyes with NVG recurrence and the time to first recurrence (P=0.083-0.920;
Table 3). All glaucoma surgeries performed in this study were trabeculectomy with mitomycin C (MMC). In addition,
Kaplan—Meier survival analysis demonstrated no statistically significant difference in time to NVG recurrence between
the two groups, as assessed by the Log rank test (P=0.58; Figure 3).

Figure 4 presents a scatter plot illustrating the relationships between baseline IOP and time to first glaucoma surgery,
revealing a significant negative linear correlation (R= —0.402, P=0.003). This finding was further supported by
a multivariable linear regression model, which adjusted for age, cause of NVG, and prior intravitreal anti-VEGF
treatment. The analysis showed that baseline IOP was an independent factor associated with a shorter time to first
glaucoma surgery (= —0.06, 95% CI [-0.10 to —0.02], P=0.005). Furthermore, the associations between angle status and
both IOP change and time to first glaucoma surgery were assessed, revealing no significant associations for either
outcome (P=0.931 and P=0.289, respectively).
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Table 3 Clinical Outcomes Comparing NVG Patients with Prior and Non-Prior Intravitreal Anti-VEGF Treatment

Outcomes Prior Anti-VEGF (n = Non-Prior Anti-VEGF (n = 95% CI° P-value®
18) 55)
Final BCVA
BCVA as logMAR 2.55 [0.90-3.00] 2.00 [0.60-2.30] 0.00 to 0.80 0.159
No light perception 6 (33.3%) 7 (12.7%) 0.047*
BCVA change® 0.200 [-0.075-0.650] 0.000 [-0.550-0.250] —0.10 to 0.70 0.126
Number of anti-VEGF injections after 0.919
enrollment
0-2 12 (66.7%) 36 (65.5%)
3-5 5 (27.8%) 17 (30.9%)
More than 5 1 (5.6%) 2 (3.6%)
PRP status at |12 months 16 (88.9%) 48 (87.3%) 0.856
Glaucoma surgery 12 (66.7%) 43 (78.2%) 0.504
Time to first glaucoma surgery (day) 18.0 [2.75-162.25] 41.0 [9.50-105.00] —37.0 to 64.0 0.729
Recurrence of NVG 5 (27.8%) 18 (32.7%) 0.920
Time to first NVG recurrence (day) 210.0 [189.0-239.0] 124.0 [101.25-217.25] —15.0 to 152.0 0.083

Notes: Data were reported as median [interquartile range (IQR)] for continuous variables and as frequency count (%) for categorical variables. BCVA change was defined
as the difference between the BCVA measured at 12 months and the baseline BCVA. °95% Cls were calculated in median difference using Hodges-Lehmann estimation.
P-values were obtained using the Chi-square test for comparing categorical variables, and the Mann—Whitney U-test for comparing continuous variables between groups.
*Statistically significant P-value <0.05.

Abbreviations: NVG, neovascular glaucoma; VEGF, vascular endothelial growth factor; Cl, confidence interval; BCVA, best corrected visual acuity; PRP, pan-retinal
photocoagulation.

Discussion

Our study revealed that, at the 1-year follow-up, clinical outcomes in patients with NVG were comparable between those
who had received intravitreal anti-VEGF treatment prior to NVG diagnosis and those who had not. However, patients
without prior anti-VEGF treatment demonstrated a greater reduction in the need for anti-glaucoma medications.

After NVG treatment, a significant reduction in IOP was observed in both study groups (P<0.001; Table 2 and
Figure 1), consistent with previous reports. Wittstrom et al reported significant IOP reductions in NVG patients both with
and without Bevacizumab treatment, beginning as early as the first week after treatment initiation (P=0.041 and P=0.011,
respectively).'? Similarly, Sun et al demonstrated a marked IOP decrease following NVG treatment using various IOP-
lowering strategies, from 42.59 + 9.44 to 16.68 + 4.69 (P<0.05).*> Our results are also consistent with those of Yazdani
et al, who reported that NVG patients receiving monthly intravitreal Bevacizumab injections for three consecutive
months, as adjunctive therapy, achieved significant IOP reductions from Month 1 (P=0.007) that persisted through Month
6 (P=0.047).%° In contrast, patients who received only standard treatments — including medications, PRP, glaucoma shunt
or cyclodestructive procedures, or other indicated interventions such as cataract surgery or vitrectomy — experienced
a significant IOP increase from 32.3 + 14.3 to 34.9 £ 15.2 mmHg at Month 1 (P=0.046), which remained unchanged
through Month 6 (P=0.29-0.92). These findings suggest that adjunctive intravitreal anti-VEGF therapy, particularly
Bevacizumab, may provide additional short-term IOP-lowering benefits when combined with standard NVG manage-
ment. Although our study primarily investigated the effect of anti-VEGF therapy administered before NVG diagnosis, it
is important to note that patients in both groups also received anti-VEGF treatment after enrollment (Table 3), which may
have contributed to the overall IOP reduction observed. Moreover, approximately 87.3% of patients in our study received
intravitreal anti-VEGF injections before trabeculectomy, which might have improved filtering surgery outcomes,
including postoperative IOP control. A meta-analysis by Ramji et al reported that trabeculectomy with adjunctive
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Figure 3 Kaplan—Meier survival analysis of time to recurrence of neovascular glaucoma. The survival curves compare eyes with prior anti-vascular endothelial growth factor
treatment (dashed line) to those without (solid line). Shaded regions represent 95% confidence intervals. The number of subjects at risk is provided in the table below the
plot. The Log rank test revealed no statistically significant difference between the two groups (P = 0.58).
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Figure 4 Scatter plot showing the linear correlation between baseline intraocular pressure (IOP) and time to first glaucoma surgery. The solid line represents the linear
regression fit with the 95% confidence interval indicated by the shaded region. A negative correlation was observed (R = —0.402, P = 0.003), indicating that higher baseline
IOP is significantly associated with a shorter time to the first surgical intervention.

MMC and anti-VEGF had a higher 12-month success rate (OR=1.90, 95% CI [1.16 to 3.10], P=0.01); however, the
magnitude of IOP reduction did not differ significantly between eyes receiving anti-VEGF and those that did not.*®
Similarly, Zhou et al found that trabeculectomy combined with intravitreal anti-VEGF improved short term outcomes,
demonstrating higher success rates (RR=1.19, 95% CI [1.02 to 1.40], P=0.03) and greater IOP reduction at 6 months
(standardized mean difference [SMD]=—0.79, 95% CI [-1.50 to —0.07], P=0.03), but the benefit was not sustained at 12
months (SMD=-0.30, 95% CI [-1.61 to 1.02], P=0.66) among patients with NVG.>’ The long-term efficacy of anti-
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VEGF agents in controlling IOP in NVG remains uncertain. A review by Rodrigues et al highlighted this controversy,
noting that favorable IOP control was generally observed only within 1 year of follow-up.' In our cohort, both the prior
and non-prior anti-VEGF groups also demonstrated significant IOP reduction at 1 year, with no difference between
groups in the overall interaction effect (P=0.854; Table 2). Meanwhile, Olmos et al found no significant IOP difference
between NVG eyes treated with Bevacizumab and those without, at most follow-up visits, except at 1 month (P=0.012)."!
Besides the short-term effect of anti-VEGF therapy in controlling IOP, we hypothesize that the IOP reduction observed in
our cohort was primarily attributable to glaucoma surgery rather than anti-VEGF treatment, as approximately 70% of
eyes in both groups underwent surgical intervention (Table 3). Supporting this interpretation, we observed a multivariable
linear regression between baseline IOP and time to first glaucoma surgery (= —0.06, 95% CI [-0.10 to —0.02], P=0.005),
indicating that higher baseline IOP was associated with earlier surgical intervention. This suggests that prompt glaucoma
surgery possibly played the predominant role in the sustained IOP reduction among NVG patients. Furthermore, given
that the half-lives of anti-VEGF agents such as Bevacizumab, Ranibizumab, and Aflibercept is approximately 4—7 days,
with an effective duration of approximately 46 weeks,*" it is unlikely that their pharmacologic effect accounted for the
IOP reduction observed at 1 year. Moreover, it should be remarked that the median interval between the last anti-VEGF
injection and study enrollment was 122.5 days (IQR, 68.75-264.25), and the frequency of prior intravitreal anti-VEGF
injections was unavailable. Therefore, any anti-VEGF effect would not be expected to persist at the time of enrollment.

Another observation in our study is a marginal association between lens status and IOP (P=0.062) upon evaluating
longitudinal data from our cohort using an adjusted linear mixed-effects model. This finding aligns with the distinction
observed in existing literature between acute, transient pressure spikes and sustained, long-term IOP elevation. For
instance, Liu et al identified the presence of anative crystalline lens as asignificant predictor of immediate IOP spike at
5 minutes after intravitreal anti-VEGF injection (P<0.001).*' Conversely, Sternfeld et al reported no significant difference
in sustained IOP elevation following treatment across phakic, pseudophakic, and pseudophakic eyes with post-capsu-
lotomy (P=0.09).** Given that our study assessed IOP at scheduled visits—representing long-term stability rather than
acute post-injection responses—our results support the conclusion that lens status is not a significant determinant of long-
term IOP change. These data suggest that while the physical presence of a lens may influence immediate hydrodynamic
changes during an injection, it does not exert a lasting effect on IOP levels in this patient cohort. In addition, all IOP
measurements in our study were obtained at scheduled visits prior to any clinical interventions, including intravitreal
anti-VEGF injections.

Regarding the number of anti-glaucoma medications, a significant reduction from baseline was observed in the non-
prior anti-VEGF group beginning at Month 3 (P<0.001; Table 2 and Figure 2). In contrast, eyes in the prior anti-VEGF
group showed no significant reduction at most time points, except at Month 6 (from 2.8 [95% CI 1.9-3.6] to 1.5 [95% CI
0.6-2.4], P=0.030; Table 2 and Figure 2). These findings suggest that [OP control may have been more stable in eyes
without prior anti-VEGF treatment, as reflected by their decreased need for anti-glaucoma medications, compared with
those that had received anti-VEGF therapy before NVG diagnosis. However, the number of medications did not differ
significantly between groups at any follow-up visit (P=0.144-0.732; Table 2 and Figure 2). Our results are consistent

with previous reports,' '3

showing no significant difference in the number of anti-glaucoma medications between NVG
eyes treated with intravitreal Bevacizumab and those without. However, Wittstrom et al observed that the number of anti-
glaucoma medications remained unchanged throughout follow-up in both groups, which differs from our findings."
Conversely, Yazdani et al demonstrated a borderline significant reduction in medication use among eyes receiving
adjunctive intravitreal Bevacizumab at Months 1 and 3 (P=0.1 and P=0.06 respectively), but not at Month 6 (P=0.18);
nonetheless, in their comparison group, which received the same standard treatments, except for Bevacizumab, no
reduction in medication use was observed at any time point (P=0.32-1.0).2° It should be noted, however, that these
results may not be directly comparable to ours, as NVG patients in both of our study groups were allowed to receive
intravitreal anti-VEGF treatment after enrollment (Table 3), which could have influenced the longitudinal trend in
medication use.

Patients who had not received prior anti-VEGF treatment demonstrated better visual outcomes compared to those who
had received anti-VEGF therapy before NVG diagnosis. In the prior anti-VEGF group, median BCVA showed a non-
significant worsening from 2.15 [IQR 2.00-2.30] to 2.55 [IQR 0.90-3.00] (P=0.302), whereas in the non-prior anti-
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VEGF group, BCVA remained stable from 2.00 [IQR 1.15-2.30] to 2.00 [IQR 0.60-2.30] (P=0.107). Although the
difference in BCVA change between the two groups was not statistically significant (0.200 [IQR —0.075-0.650] versus
0.000 [IQR —0.550-0.250], P=0.126; Table 3), the proportion of eyes with final NLP vision was significantly higher in
the prior anti-VEGF group compared with the non-prior group (33.3% versus 12.7%, P=0.047; Table 3). This finding
contrasts with the review by Rittiphairoj et al, which reported a greater proportion of visual acuity improvement among
eyes receiving anti-VEGF therapy.'® One possible explanation for our results is that patients in the prior anti-VEGF
group may have had more severe or preexisting ocular diseases — specifically advanced retinal pathology— which
necessitated early anti-VEGF intervention before the onset of NVG. This baseline clinical disparity is further evidenced
by our finding that the prior anti-VEGF group had a significantly higher rate of pre-diagnostic PRP compared to the non-
prior group (77.8% vs 20.0%, P<0.001; Table 1). Although the final PRP status did not differ significantly between the
groups (P=0.856; Table 3). The greater severity and chronicity of the underlying ischemic retinal disease in the prior anti-
VEGF cohort likely contributed to the poorer visual outcomes observed, despite subsequent NVG management.
Consequently, prior intravitreal anti-VEGF therapy in our study serves as a clinical marker for more advanced retinal
disease, which fundamentally influences the visual prognosis in these patients.

A more aggressive surgical approach appears to be undertaken in response to higher baseline IOP levels, as evidenced
by the significant inverse association between baseline IOP and time to first glaucoma surgery (= —0.06, 95% CI [-0.10
to —0.02], P=0.005). This observation likely reflects a clinical tendency to address markedly elevated IOP proactively —
often in cases of uncontrolled disease or severe ischemic retinal pathology. In our cohort, the rate of glaucoma surgery
ranged from 65% to 80% (Table 3) among eyes with baseline IOPs of approximately 40 mmHg (Table 2), with most
procedures performed within 1-2 months after NVG diagnosis (Table 3). This association is consistent with the findings
of Casselholm de Salles et al, who reported that NVG eyes secondary to CRVO treated with adjuvant anti-VEGF therapy
were more likely to require subsequent IOP-lowering procedures when baseline IOP was markedly elevated.*> Another
factor potentially influencing outcomes is angle configuration, which reflects NVG severity. In our study, angle closure
was present in approximately 40% of the prior anti-VEGF group and up to 60% of the non-prior group (Table 1). Nakano
et al also identified angle-closure NVG as the strongest prognostic factor for final IOP outcomes, with a hazard ratio of
3.059, indicating a threefold increase risk of poor IOP control, which may have contributed to the higher rate of filtering
surgery.®* Although such cases could partly explain the higher baseline IOP observed, our cohort showed no significant
associations between IOP change and angle type (P=0.931), nor between angle type and time to the first glaucoma
surgery (P=0.289). However, the presence of undetermined or missing angle-configuration data in 20 eyes (27.4%) may
have limited the statistical power of these analyses. Although anti-VEGF agents are recognized as important adjunctive

therapies for NVG by suppressing neovascularization,'®'>'?

our study demonstrated high NVG recurrence rates within
1 year — approximately 30% in both groups (Table 3) — suggesting renewed neovascular activity. Wang et al reported that
intravitreal Ranibizumab significantly reduced intraocular VEGF levels in NVG eyes within 1 week (from 3698 + 2105
pg/mL to 184 = 130 pg/mL; P<0.001); however, the effect was transient.*> Similarly, a previous review noted that anti-
VEGF agents have half-lives of approximately 47 days and therapeutic effects lasting only 4-6 weeks.*® These findings
are consistent with recent studies, which emphasized the short-term, adjunctive role of anti-VEGF therapy.'%'>'* Wang
et al further found that complete regression of iris neovascularization occurred in only 85% of eyes, with the remaining
15% demonstrating incomplete regression.>> In our study, the number of anti-VEGF injections after enrollment did not
differ significantly between groups (P=0.919; Table 3), and NVG recurrence rates and time to recurrence were also
comparable between groups (P=0.920 and P=0.083, respectively; Table 3), with no significant difference in time to
recurrence observed on Kaplan—Meier analysis (Log rank test, P=0.58; Figure 3). These findings underscore that
definitive NVG management continues to depend on the permanent elimination of ischemic stimuli driving VEGF
overproduction—most effectively achieved through PRP in eyes with ischemic retinal disease.

The limitations of this study include its small sample size, reflecting the low prevalence of NVG,’ and its retro-
spective design, which resulted in missing data that may have influenced the findings. Furthermore, our findings are
subject to confounding by indication. Patients who received prior anti-VEGF therapy likely had more advanced under-
lying retinal ischemic disease; this is supported by our observation that significantly more patients in this group
underwent prior PRP (77.8% versus 20.0%, P<0.001; Table 1). This baseline imbalance may have influenced functional

10 https: Clinical Ophthalmology 2026:20



Thaebanpakul et al

outcomes—particularly the higher percentage of eyes reaching NLP (P=0.047, Table 3) —and should be considered
when interpreting our results, as the underlying disease severity potentially influences functional outcomes. Additionally,
our inclusion criterion of a 1-year follow-up introduces a risk of selection bias. According to our institutional database,
14 patients were lost to follow-up, and 2 patients passed away during the study period, representing an attrition rate of
18.0%; their exclusion from the final analysis may have omitted cases with the most severe clinical presentations or
poorer prognoses, potentially leading to an underestimation of disease severity or an overestimation of treatment success.
Moreover, the disparity in sample size between groups may limit the statistical power and increase the risk of Type 11
error, warranting cautious interpretation of our findings. Finally, the severity of the underlying retinal disease was not
consistently graded prior to study recruitment. Detailed information regarding the number, duration, type, indication, and
route of administration of pre-enrollment anti-VEGF injections was unavailable. Bhagat et al reported that the intra-
cameral route is most effective for IOP control in patients with NVG,?® which could have affected the outcomes.
Moreover, both groups in our study received similar post-enrollment anti-VEGF regimens, predominantly Bevacizumab
(78% in the prior anti-VEGF group and 72.4% in the non-prior group), which may limit the generalizability of our results
to other anti-VEGF agents. Future research would benefit from larger, more balanced cohorts, incorporating detailed
assessments of underlying retinal conditions and standardized data collection for anti-VEGF treatment regimens.

Conclusion

In conclusion, anti-VEGF therapy administered before NVG diagnosis was not significantly associated with clinical
outcomes, including IOP reduction, disease recurrence, or the need for glaucoma surgery. The observed IOP reduction in
our cohort was likely attributable to earlier surgical intervention. Although eyes without prior intravitreal anti-VEGF
injections tended to show a greater reduction in medication burden than those that had received such treatment, these
differences were not statistically significant. Further studies are warranted to explore the potential benefits of anti-VEGF
therapy in other aspects of NVG management.
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