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Causes and prognosis of neovascular
glaucoma after pars plana vitrectomy
in patients with diabetic retinopathy
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Abstract

Background This study aims to investigate factors and prognosis of neovascular glaucoma (NVG) after pars plana
vitrectomy (PPV) in patients with proliferative diabetic retinopathy (PDR).

Methods A total of 200 PDR patients with 225 eyes from May 2017 to January 2023 were retrospectively analyzed,
including 115 males (128 eyes) and 85 females (97 eyes) with ages ranging from 30 to 75 years. All 25G PPV surgeries
were completed by the same experienced chief physician. During the surgery, the anterior retinal fibrous vascular
membrane was fully removed, and laser panretinal photocoagulation (PRP) was performed, phacoemulsification was
combined in 114 patients. The average postoperative follow-up time was 10.65 +6.84 months and occurrence of NVG
was recorded. Potential risk factors of NVG included age, glycated hemoglobin (HbAlc), blood urea nitrogen (BUN),
severity of preoperative fundus lesion, preoperative treatment of anti-vascular endothelial growth factor (VEGF),
preoperative PRP application, combination of phacoemulsification.

Results Among the total 225 eyes, 15 (6.7%) eyes developed NVG 1-12 months after surgery, including 11 cases
within 6 months. Incidence of NVG was associated with age (t=-3.974), preoperative treatment of anti-VEGF
(x>=5.706), preoperative PRP application (x*=4.744), comorbid tractional retinal detachment (TRD) (x* = 3.883),
comorbid fibrovascular proliferation (FVP) (x*=4.093), and combination of phacoemulsification (x*=6.179), with all

P values less than 0.05. On the other hand, no differences were found in HbAlc (t=0.733) and BUN (t=0.470), with
both P values greater than 0.05. By the end of follow-up, all NVG cases after PPV underwent intravitreal injection of
anti-VRGF drugs and supplementary retinal laser therapy, of which 8 patients had stable intraocular pressure control,
5 patients received drainage valve implantation surgery to control intraocular pressure, 1 patient abandoned surgery
due to no light perception at presentation, and 1 patient underwent cyclophotocoagulation. The postoperative best
corrected visual acuity (BCVA) after NVG was statistically significant compared with that before NVG (P<0.05).

Conclusions Occurrence of NVG in PDR was related to preoperative PRP and anti-VEGF, and might further have
impact on prognosis. In addition, comprehensive consideration of patient’s age, severity of preoperative fundus lesion
and appropriate surgical method (i.e., whether combined with phacoemulsification) could be protective factors of
NVG.
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Trial registration ClinicalTrials.gov, NCT02399887, Registered 25 March 2019.
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Background

Currently, pars plana vitrectomy (PPV) serves as the
primary treatment of proliferative diabetic retinopathy
(PDR). As one the most severe postoperative complica-
tion, neovascular glaucoma (NVG) can lead to visual loss
or even blindness. Pathogenesis of NVG is mainly the for-
mation of new blood vessels through the angle and iris,
which in turn to contraction and traction of microvas-
cular membrane, resulting in angle closure and elevated
intraocular pressure [1]. The primary pathological mech-
anism of NVG caused by PDR is multiple cytokines pro-
duced after retinal ischemia and hypoxia are mediated,
among which vascular endothelial growth factor (VEGF)
is the most important [2]. In recent years, with the devel-
opment of minimally invasive surgery and the massive
perioperative application of anti-VEGF therapy, surgi-
cal procedure and efficacy for PDR has been changed.
However, study [3] has shown that the number of various
cytokines including VEGF in the vitreous will increase
greatly after PPV among PDR patients, and at the same
time, with the progression of diabetes after surgery, some
patients are complicated with NVG. Therefore, NVG
is still a serious blinding disease after PPV among PDR
cases. This retrospective study aims to investigate factors
and prognosis of NVG after PPV in patients with PDR.

Methods
The institutional review board of Hebei Eye Hospital
approved this retrospective study. A total of 200 PDR
patients with 225 eyes from May 2017 to January 2023
in our hospital were recruited, including 115 males (128
eyes) and 85 females (97 eyes) with ages ranging from 30
to 75 years. All participants were comorbid with type II
diabetes.The study adhered to the principles of the Decla-
ration of Helsinki, and the protocol was approved by the
Ethics Committee of Hebei Eye Hospital.
High-performance liquid chromatography and auto-
matic enzyme analyzer was used to measure glycated
hemoglobin (HbAlc) and blood urea nitrogen (BUN),
separately. The mean HbAlc was 7.4+ 1.5%, ranging from
6.3 to 11.1%. The mean BUN was 6.5+ 2.5mmol/L, rang-
ing from 2.9 to 11.8mmol/L. Visual acuity, best corrected
visual acuity, intraocular pressure, slit-lamp microscopy
combined with anterior endoscopy and indirect oph-
thalmoscopy were performed in all affected eyes. Color
fundus photography and ultrasound were conducted
according to the refractive media. Based on preoperative
examinations and intraoperative exploration, we deter-
mined the comorbidities of tractional retinal detach-
ment (TRD) and fibrovascular proliferation (FVP). The

best corrected visual acuity(BCVA) was light percep-
tion~0.4 and intraocular pressure was all in normal
range (<21mmHg). Of all 225 affected eyes, 69 eyes were
complicated with TRD and 94 eyes were complicated
with FVP.

Inclusion criteria were as follows: (1) confirmed diag-
nosis of PDR; (2) vitreous hemorrhage not absorbed
for more than 1 month, presence of TRD, or traction of
the retinal microvascular membrane severely affecting
vision; (3) follow up for at least 1 year after surgery, and
for those with silicone oil filling, followed up for at least 1
year after removing the silicone oil.

Patients were excluded if (1) they had high preoperative
intraocular pressure, or family history of glaucoma; (2)
they had previous vitreous surgery or other ocular sur-
gery; (3) there was preoperative iris neovascularization in
the affected eye or contralateral eye, or they had preoper-
ative uveitis and other intraocular diseases; (4) follow-up
time was shorted than the time of inclusion criteria.

All 25G PPV surgeries were completed by the same
experienced chief physician. Among all 225 eyes, 140
eyes underwent intravitreal injection of anti-VEGF 3 to
7 days before surgery. Besides, patients with lens opaci-
fication underwent phacoemulsification combined with
PPA, and intraocular lenses were implanted at early stage
as much as possible. A total of 96 eyes received phaco-
emulsification, during which the peripheral vitreous was
fully resected, triamcinolone acetonide staining was used
to completely remove the residual vitreous cortex, and
if necessary, the epiretinal proliferative membrane was
thoroughly removed with the help of 25G microscissors.
During the operation, PRP was performed to the serrated
margin in the top pressure state. Except for those who
had completed PRP (148 cases) before the operation, the
other basic intraoperative retinal laser points were 1800—
2900 points. Different fillers were selected according to
the degree of fundus lesions, including 95 eyes filled with
silicone oil, 46 eyes filled with C3F8 gas, and 84 eyes filled
with perfusate.

Incidence of NVG was calculated. Baseline informa-
tion was analyzed in terms of age, HbAlc, BUN, severity
of preoperative fundus lesion, preoperative anti-VEGEF,
preoperative PRP application, and combination of phaco-
emulsification, in order to investigate causes and progno-
sis of NVG.

Numerical differences between groups were assessed
by independent t test for continuous variables (e.g., age,
HbAlc, BUN) and chi-square test for categorical variables
(e.g., preoperative PRP and anti-VEGEF, combination of
phacoemulsification, comorbid TRD and FVP). The best
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Table 1 Comparison of baseline information between NVG and

Page 3 of 5

Table 3 Comparison of BCVA before NVG and after NVG

non-NVG (continuous data) NVG BCVA t Pvalue
NVG Cases/eyes (n) Age (years) HbAIc (%) BUN (mmol/L) Before NVG 041+0.14 2.838 0.008
NVG 15/15 4950+£6.55 76+15 6.6+24 After NVG 0.27£0.14

Non-NVG 185/210 56.60+£783 73%18 6.3£2.1

t 3974 0733 0470 application of anti-VEGF therapy. Previous study identi-
Pvalue 0.001 0473 0.645

corrected visual acuity (BCVA) between NVG after sur-
gery was compared using t test. The threshold for sig-
nificance was set at P<0.05. All statistical analyses were
conducted using SPSS Statistics, Version 26.0.

Results
The first best corrected visual acuity after surgery was
finger count ~ 1.0.

Among the total 200 patients and 225 eyes, 15 (6.7%)
eyes (15 patients) developed NVG and 210 (93.3%) eyes
(185 patients) did not develop NVG. Incidence of NVG
was associated with age, preoperative treatment of anti-
VEGEF, preoperative PRP application, comorbid TRD,
comorbid FVP, and combination of phacoemulsification,
with all P values less than 0.05 (Table 1). On the other
hand, no differences were found in HbAlc and BUN, with
both P values greater than 0.05 (Table 2).

NVG happened 1-12 months after surgery, includ-
ing 11 cases within 6 months. All NVG cases after PPV
underwent intravitreal injection of anti-VRGF and sup-
plementary retinal laser therapy, of which 8 patients had
stable intraocular pressure control, 5 patients received
drainage valve implantation surgery to control intra-
ocular pressure, 1 patient abandoned surgery due to no
light perception at presentation, and 1 patient under-
went cyclophotocoagulation. The postoperative BCVA
after NVG was statistically decreased compared with that
before NVG (P <0.05) (Table 3).

Discussion

Incidence of NVG among PDR was 6.7% in our study,
which was slightly lower than previous study who
reported that the probability of NVG occurrence at
12 months after vitrectomy was 7.1% [4]. The possible
explanation may be the development of minimally inva-
sive vitreoretinal surgery and the massive perioperative

fied close relationship between high expression of VEGF
and NVG [5-6]. Retinal vessels can promote endothelial
cells to synthesize VEGF under stimulation conditions
of ischemia and hypoxia, and subsequently VEGF can
catalyze the synthesis of nitric oxide synthase (NOS) by
binding to its receptor, thereby increasing the produc-
tion of nitric oxide (NO). NO inhibit the activity of pro-
tein kinase Cdelta (PKCS) while strengthen the activity
of integrin alphavbeta3 (avp3) to achieve endothelial cell
migration and proliferation, and then trigger angiogen-
esis. A randomized controlled study by Yazdani et al. [7]
investigated the effect of intravitreal bevacizumab, an
anti-VEGF agent, on NVG in 26 eyes of 26 patients. All
eyes were treated routinely with NVG and randomized to
three 2.5 mg intravitreal injections 4 weeks apart or sham
surgery. The authors concluded that intravitreal bevaci-
zumab reduced iris neovascularization and maintained
intraocular pressure stability in NVG. In this study, we
found that both preoperative PRP and anti-VEGF could
reduce the risk of NVG, which might be associated with
the decreased VEGF level in intravitreal. PRP induces
oxygen diffusion from the choroid to retinal or retinal
pigment epithelial cells, thus improving the microenvi-
ronment of retinal hypoxia, finally downregulating VEGF
[8-11]. Takayama et al. [12] also reported that preoperati.
ve uncombined PRP was a risk factor for secondary NVG
after PPV, suggesting that preoperative improvement of
PRP, intraoperative supplementation of retinal photoco-
agulation according to the condition, as well as elimina-
tion of non-perfused areas to reduce VEGF release, could
effectively reduce the occurrence of postoperative NVG.
While anti-VEGF (e.g., conbercept, ranibizumab) tar-
gets to decrease VEGF expression, which in turn inhib-
its neovascularization at retina, iris, and angle, as well
as reduces the risk of NVG development [13-16]. Our
study also indicated a higher risk of NVG after com-
bined phacoemulsification, which might be due to the
destroyed barrier between the anterior and posterior

Table 2 Comparison of baseline information between NVG and non-NVG (categorical data)

NVG Cases/eyes (n) TRD eyes (n) FVP eyes (n) Preoperative PRP Phacoemulsification  Preop-
eyes (n) eyes (n) erative

anti-VEGF
eyes (n)

NVG 15/15 8 10 6 11 5

Non-NVG 185/210 61 84 142 85 135

X2 3.883 4093 4744 6.179 5.706

P value 0.049 0.043 0.029 0.016 0.017
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segments in PDR patients after cataract removal [17],
resulting in the forward spread of VEGEF, inflammatory
cytokines and other promoting vascular proliferative
substances. In addition, anterior chamber oxygen diffuses
posteriorly into the vitreous cavity thus exacerbating the
hypoxic condition of the iris [18], which in turn increases
the possibility of NVG. Chung et al. [19] demonstrated
that compared with PPV group (0.0%), incidence of post-
operative NVG was 21.6% in combined phacoemulsifi-
cation group, thus concluding that the combination of
PPV and phacoemulsification was risk factor of NVG.
Of course, this view has also been controversial, espe-
cially the current phacoemulsification owns advantages
of short operation time, less trauma and good incision
closure. Also, with the continuous improvement of surgi-
cal techniques, the posterior lens capsule can basically be
completely preserved, and occurrence of NVG is signifi-
cantly lower [20]. Another finding in our study was the
increased risk of postoperative NVG among patients with
preoperative comorbid TRD or FVP. The potential expla-
nation of the above result is that in severe intraoperative
fundus disease, retinal ischemia and hypoxia is also rela-
tively serious, thus vitrectomy surgery will be more diffi-
cult with longer operation time, especially intraoperative
combination of retinal laser treatment, postoperative
inflammatory factors and VEGF expression will be highly
up-regulated [21], and then increase the risk of postop-
erative NVG. HbAlc and BUN levels are the embodiment
of recent blood glucose control and renal function. Prior
study [22] pointed out that patients with higher HbAlc
and BUN were more vulnerable to NVG, especially in the
progressive stage of diabetic retinopathy. However, such
association was not reported by our study, which might
be related to the regular personal physical management
after surgery, sample size or morbidity, or multiple fac-
tors could be limited in one study.

Once NVG occurs, anti-VEGF therapy and complete
PRP need to be performed as soon as possible, and if
necessary, anti-glaucoma surgery should be conducted
to strive for effective control of intraocular pressure and
maximize the preservation of the patient’s visual function
[23]. All our NVG patients (15 eyes) after PPV under-
went intravitreal injection of anti-VRGF and supple-
mentary retinal laser therapy, of which 8 patients had
stable intraocular pressure control, 5 patients received
drainage valve implantation surgery to control intraocu-
lar pressure, 1 patient abandoned surgery, and 1 patient
underwent cyclophotocoagulation. But for these patients,
visual acuity decreased after the development of NVG,
and even some patients had permanent loss of visual
function. Therefore, it is particularly important to pre-
vent and reduce the occurrence of postoperative NVG in
PDR. Current application of anti-VEGF drugs and early
preoperative PRP have greatly enhanced the prognosis
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of PDR patients. Besides, comprehensive consideration
of patient’s age, severity of preoperative fundus lesion
and appropriate surgical method (i.e., whether combined
with phacoemulsification) could be protective factors of
NVG. Limitation of this study is the insufficient sample
size which may leave out some significant factors in the
process of postoperative NVG among PDR. Hence, it is
hoped that with the deepening of the study, our under-
standing of NVG will become more and more clear,
thus to minimize the risk of postoperative NVG in PDR
patients.
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PDR Proliferative diabetic retinopathy
NVG Neovascular glaucoma NVG

PPV Pars plana vitrectomy

VEGF  Vascular endothelial growth factor
BUN Blood urea nitrogen

TRD Tractional retinal detachment

FVP Fibrovascular proliferation

PRP Panretinal photocoagulation
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