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Purpose: We retrospectively reviewed patients with postoperative neovascular glaucoma (NVG)
after vitrectomy for proliferative diabetic retinopathy to investigate how variables assessed
before, during, and after vitrectomy are associated with the requirement for filtration surgery.
Patients and methods: The subjects in this retrospective, observational, comparative study
were 55 consecutive patients (61 eyes) who underwent vitrectomy for proliferative diabetic retinopathy at Toho University Sakura Medical Center between December 2011 and November 2016,
were followed up for at least 6 months after surgery, and developed NVG within 2 years after
surgery. They comprised 44 men and 11 women of mean age 52.4±9.1 years, who were followed
up for a mean 7.1±6.1 months. We collected data on the following 16 variables: sex, age, history
of panretinal photocoagulation completed within 3 months before vitrectomy, presence/absence
of a lens, obvious iris/angle neovascularization, tractional retinal detachment, diabetic macular
edema, vitreous hemorrhage, visual acuity and intraocular pressure before vitrectomy and at
the onset of NVG, glycated hemoglobin, fasting blood glucose, estimated glomerular filtration
rate, and use of intraoperative gas tamponade.
Results: Logistic regression analysis with the backward elimination method identified preoperative fasting hyperglycemia (P=0.08), high intraocular pressure at the onset of NVG
(P=0.04), and use of gas tamponade during vitrectomy (P=0.008) to be significant risk factors
for requirement of filtration surgery.
Conclusion: Preoperative fasting hyperglycemia, high intraocular pressure at the onset of NVG,
and use of gas tamponade during vitrectomy predispose patients to require filtration surgery in
the event of postoperative NVG.
Keywords: neovascular glaucoma, proliferative diabetic retinopathy, vitrectomy, gas
tamponade
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Vitrectomy for proliferative diabetic retinopathy (PDR) has been reported to be
associated with postoperative neovascular glaucoma (NVG) in 4%–12% of cases.1–5
Although an improved treatment outcome has been reported, NVG remains a potential
cause of severe visual impairment. Previous studies have identified several risk factors
for NVG after vitrectomy, including obvious preoperative neovascularization of the
iris/angle, male sex, and postoperative retinal detachment.3,6,7 The reported treatments
for NVG include intravitreal injection of an anti-vascular endothelial growth factor
(anti-VEGF) agent,8–10 additional retinal photocoagulation, and trabeculectomy or tube
shunt surgery for closed-angle NVG or other conditions unresponsive to intraocular
pressure (IOP) reduction therapy.11,12
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However, to the best of our knowledge, risk factors for
the requirement of filtration surgery after vitrectomy in
patients with PDR have not yet been examined. The aim of
this study was to investigate how variables assessed before,
during, and after vitrectomy are associated with the requirement of filtration surgery in patients who develop NVG after
PDR surgery.

Patients and methods
This retrospective, observational, comparative study included
the medical records of 55 consecutive patients (61 eyes) who
underwent vitrectomy for PDR at Toho University Sakura
Medical Center between December 2011 and November
2016, were followed for at least 6 months postoperatively,
and developed NVG within 2 years after surgery (44 men,
11 women, mean age 52.4±9.1 years, mean follow-up
7.1±6.1 months). All eyes had PDR; we performed pars plana
vitrectomy in eyes with PDR and diabetic macular edema,
but not in eyes that had diabetic macular edema alone. The
follow-up period was defined as the duration from the day
of vitrectomy to the first documentation of NVG. When
IOP was first noted to be raised after pars plana vitrectomy,
we searched for neovascularization of the iris with the slit
lamp. If no neovascularization was present, gonioscopy was
performed. The diagnosis of NVG was based on the presence
of iris/angle neovascularization and an IOP $22 mmHg.
Patients were divided into 2 groups as follows: a filtration
surgery (+) group that included patients in whom filtration
surgery was indicated who either underwent filtration surgery
or refused to undergo surgery and lost their vision and a filtration surgery (−) group that included patients who had their
IOP controlled at or below 21 mmHg by intravitreal injection
of anti-VEGF agents, additional retinal photocoagulation, or
instillation of glaucoma eye drops and did not require filtration surgery. We did not perform cyclodestruction in eyes that
required filtration surgery in this study or in the filtration (−)
group. We retrospectively reviewed the patients’ records for
the following variables: sex, age, history of panretinal photocoagulation (PRP) completed within 3 months before vitreous
surgery, presence/absence of a lens, obvious iris/angle
neovascularization, tractional retinal detachment (TRD),
diabetic macular edema, vitreous hemorrhage, preoperative
logMAR visual acuity, IOP, glycated hemoglobin (HbA1c),
fasting blood glucose, and estimated glomerular filtration rate
(eGFR) as preoperative factors; use of gas tamponade as an
intraoperative factor; and IOP and logMAR visual acuity at
the onset of NVG as postoperative factors.
The study protocol was approved by the Institutional
Review board service at Toho University Sakura Medical
734
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Center (approval number No S17005). The procedures
used conformed to the tenets of the Declaration of Helsinki.
The design of the study was explained to patients using the
Toho University Sakura Medical Center website in accordance with the guidelines for clinical research set out by
the Japanese Ministry of Health, Labour, and Welfare. All
patients provided written informed consent prior to initiation
of any treatment. Any and all private patient information
were excluded from the database, and use of these anonymous data was approved by the Institutional Review Board
services without the need to seek another consent for use of
data for research.

Surgical procedure
Lens removal, if necessary, was performed by phacoemulsification or pars plana lensectomy. The former procedure
was followed by intraocular lens implantation in the posterior
chamber, and the latter procedure was followed by intraocular
lens implantation over the anterior capsule immediately or
later on another day. Vitreous surgery was performed using
a 20-gauge or a 25-gauge 3-port system. Completion of
vitrectomy was followed by removal of the fibrovascular
proliferative membrane and cauterization of the retinal
neovessels to create a posterior vitreous detachment to the
furthest periphery possible. The vitreous base was then
shaved via scleral compression, followed by PRP achieved
using intraocular laser treatment.

Statistical analyses
The statistical analyses were performed using IBM SPSS
Statistics version 24 (IBM Corporation, Armonk, NY, USA)
software. The 2 groups were assessed for sex-related differences using the Mann–Whitney U test. Between-group
comparisons for history of PRP, presence/absence of a lens
before surgery, obvious iris/angle neovascularization, TRD,
diabetic macular edema, vitreous hemorrhage, and use of
gas tamponade were performed using Fisher’s exact test.
Between-group comparisons for age, IOP, and visual acuity
before vitreous surgery and at the onset of NVG, HbA1c,
fasting blood glucose, eGFR, and time to onset of postoperative NVG were conducted using the Mann–Whitney
U test. The number of preoperative intravitreal bevacizumab
injections, the number of these injections after surgery, and
PPV incision size were compared between groups using the
chi-squared test.
The following 16 variables were subjected to logistic
regression analysis: sex, age, history of PRP, presence/
absence of a lens before surgery, obvious iris/angle neovascularization before vitreous surgery, TRD, diabetic macular
Clinical Ophthalmology 2018:12
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edema, vitreous hemorrhage, intraoperative tamponade,
visual acuity and IOP before vitreous surgery and at NVG
onset, HbA1c, fasting blood glucose, and eGFR. Fasting blood
glucose was identified as a significant variable (P,0.05).
The variables were then subjected to the backward elimination method to identify the risk factors for requirement of
filtration surgery. A P-value of ,0.05 was considered to be
statistically significant.

Results
The filtration surgery (+) and filtration surgery (−) groups
comprised 40 and 21 eyes, respectively. For eyes with retinal
detachment or an artificially created retinal tear, retinal
tamponade was achieved using air, 20% SF6, or 12% C3F8.
Tamponade was performed in 28 patients in the filtration
surgery (+) group using 20% SF6, 12% C3F8, and air in 15,
6, and 7 patients, respectively; in the filtration surgery (−)
group, tamponade was performed in 4 patients using 20%
SF6 and in 1 patient using 12% C3F8.
Univariate analysis identified use of gas tamponade,
preoperative fasting hyperglycemia, poor postoperative
logMAR visual acuity, and high IOP at the onset of NVG to
be significant predictors of requirement for filtration surgery.
The mean time to NVG onset was significantly shorter in
the filtration surgery (+) group (5.1±3.9 months) than in the
filtration (−) group (11±7.6 months; P,0.05, Welch’s test;
Table 1). Logistic regression analysis identified fasting
blood glucose as a significant variable (P,0.05; Table 2).
The backward elimination method for variables with P,0.2
in logistic regression analysis identified preoperative fasting
hyperglycemia, high IOP at the onset of NVG, and use of gas
tamponade intraoperatively (P,0.05; Table 3) as significant
risk factors that predispose patients to needing filtration
surgery in the event of postoperative NVG.

Discussion
In this study, we identified preoperative fasting blood glucose
as a factor, postoperative IOP at the onset of NVG, and intraoperative use of gas tamponade to be significant predictors
of the requirement for filtration surgery in the event of NVG
after vitrectomy for PDR.
High IOP at the onset of NVG suggests organic angle
obstruction and trabecular dysfunction in patients with NVG
after PDR vitrectomy who are unresponsive to IOP reduction
therapy, such as intravitreal injection of anti-VEGF agents
and additional retinal photocoagulation. This condition leads
to requirement of filtration surgery in these patients.
In general, gas tamponade is used when an iatrogenic retinal tear is created during PDR surgery or retinal detachment
Clinical Ophthalmology 2018:12
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Table 1 Patient demographic characteristics
Filtration Filtration P-value
surgery (+) surgery (−)
n
Male sex, %
Age, years
PRP (+), %
Presence of lens before
vitrectomy, %
Rubeosis, %
TRD (+), %
ME (+), %
VH (+), %
Use of gas tamponade, %
Preoperative logMAR
Preoperative IOP, mmHg
LogMAR after vitrectomy
IOP after vitrectomy, mmHg
HbA1c, %
FBG, mg/dL
eGFR, mL/min/1.73 m2
Mean time to NVG onset, months
Preoperative IVB, %
IVB immediately after surgery, %
Incision size of PPV (25G
vs 20G), %

40
85
51.9±10.3
62.5
85

21
71.4
53.3±6.2
76.2
95.2

–
0.31
0.69
0.39
0.40

10
42.5
15
52.5
70
1.21±0.67
14.8±3.4
1.43±0.8
37.3±11.6
7.1±1.4
148.0±39.6
69.4±26.1
5.1±3.9
10
10
67

14.3
23.8
23.8
66.7
23.8
1.36±0.60
15.4±3.3
0.90±0.8
30.7±7.8
7.4±1.7
195.9±72.0
82.3±29.2
11±7.6
15
3
73

0.68
0.17
0.49
0.41
,0.01
0.37
0.39
0.02
0.03
0.56
,0.01
0.12
,0.01
0.54
0.23
0.64

Notes: Data are expressed as mean ± SD. The proportion of male patients was
analyzed by Fisher’s exact test. Between-group comparisons for a history of PRP,
presence/absence of lens before surgery, obvious iris/angle neovascularization,
TRD, diabetic macular edema, vitreous hemorrhage, and use of gas tamponade
were analyzed by Fisher’s exact test. The values for age, IOP, and visual acuity
before vitreous surgery and at NVG onset, HbA1c, FBG, eGFR, and time to onset
of postoperative NVG were analyzed by the Mann–Whitney U test. Between-group
comparisons of preoperative IVB, IVB after surgery, and PPV incision size were
analyzed by the chi-squared test.
Abbreviations: eGFR, estimated glomerular filtration rate; FBG, fasting blood
glucose; HbA1c, glycated hemoglobin; IOP, intraocular pressure; IVB, intravitreal
bevacizumab; ME, macular edema; NVG, neovascular glaucoma; PPV, pars plana
vitrectomy; PRP, panretinal photocoagulation; TRD, tractional retinal detachment;
VH, vitreous hemorrhage.

has occurred. Conf licting data have been reported with regard
to the efficacy of gas tamponade, that is, a decreased incidence
of early vitreous hemorrhage13 and an unchanged incidence of
vitreous hemorrhage.14,15 A postoperative increase in IOP has
also been reported in patients who have undergone vitrectomy
for an idiopathic macular hole16 or rhegmatogenous retinal
detachment, in whom postoperative inflammation may lead to
increased IOP in the late postoperative phase.17 In this study,
gas tamponade was identified as a significant risk factor
for requirement of filtration surgery. Previous studies have
reported increased VEGF levels in aqueous humor in patients
with NVG.18–20 A possible mechanism is inflammation of
the anterior chamber in response to gas tamponade and
subsequent angle neovascularization induced by inflammatory cytokines, which directly increase the susceptibility to
organic angle closure and trabecular dysfunction. TRD was
submit your manuscript | www.dovepress.com
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Table 2 Logistic regression analysis of the risk factors for
requirement of filtration surgery in patients with postoperative
neovascular glaucoma after proliferative diabetic retinopathy
surgery
Male, %
Age, years
PRP (+), %
Presence of lens before vitrectomy, %
Rubeosis, %
TRD (+), %
ME (+), %
VH (+), %
Use of gas tamponade, %
Preoperative logMAR
Preoperative IOP, mmHg
LogMAR after vitrectomy
IOP after vitrectomy, mmHg
HbA1c, %
FBG, mg/dL
eGFR, mL/min/1.73 m2

OR (95% CI)

P-value

1.68 (0.15–18.60)
0.94 (0.83–1.05)
0.71 (0.06–8.75)
0.54 (0.02–15.82)
1.61 (0.10–25.06)
0.22 (0.01–4.16)
0.49 (0.01–17.51)
0.23 (0.01–4.75)
25.5 (0.98–668.84)
0.62 (0.09–4.10)
1.05 (0.72–1.52)
0.95 (0.24–3.72)
1.11 (0.96–1.27)
0.45 (0.16–1.33)
1.03 (1.00–1.05)
0.98 (0.94–1.07)

0.67
0.28
0.79
0.72
0.73
0.31
0.70
0.34
0.05
0.62
0.80
0.94
0.15
0.15
0.03
0.24

Abbreviations: eGFR, estimated glomerular filtration rate; FBG, fasting blood
glucose; HbA1c, glycated hemoglobin; IOP, intraocular pressure; ME, macular
edema; OR, odds ratio; PRP, panretinal photocoagulation; TRD, tractional retinal
detachment; VH, vitreous hemorrhage.

not identified as a predictor of filtration surgery in this study.
Therefore, gas tamponade should be avoided to reduce the
risk of organic angle closure and trabecular dysfunction in
the event of NVG in patients with TRD not involving the
macula and in patients with no iatrogenic retinal tear. The
effects of factors such as the type of gas used for tamponade
and the duration of presence of intraocular gas on control
of IOP after the onset of NVG should be investigated in
future studies.
Our results suggest that a shorter time to onset of NVG
is associated with a higher risk of needing filtration surgery,
which suggests that these patients have such rapidly progressive NVG that their IOP becomes uncontrollable within a
short period.
The assumption that patients with fasting hyperglycemia
are more likely to require filtration surgery is based on the
Table 3 Backward elimination method of logistic regression
analysis of the risk factors for the requirement of filtration surgery
in patients with postoperative neovascular glaucoma after surgery
for proliferative diabetic retinopathy
Use of gas tamponade, %
IOP after vitrectomy, mmHg
HbA1c, %
FBG, mg/dL

OR (95% CI)

P-value

8.22 (1.75–38.52)
1.09 (1.00–1.19)
0.50 (0.24–1.01)
1.03 (1.01–1.05)

0.008
0.04
0.05
0.008

Abbreviations: FBG, fasting blood glucose; HbA1c, glycated hemoglobin; IOP,
intraocular pressure; OR, odds ratio.
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result of 1 preoperative blood test, so multiple blood tests may
be required for more precise data interpretation. Patients with
fasting hyperglycemia are more likely to require filtration surgery because endothelial cells are known to be targets for the
injurious effects of hyperglycemia.21 Microangiopathy caused
by fluctuations in blood glucose levels has also been reported
to contribute to the progression of ischemia.22 In this study,
HbA1c was not a significant variable; however, in view of the
abovementioned clinical findings, fluctuations in blood glucose
levels might have contributed to this result. Further studies are
needed to determine if there is a relationship between HbA1c
levels and the requirement for filtration surgery.
This study was retrospective in nature and consequently
has several limitations that could hamper the interpretation
of its findings. First, lens extraction has been identified as a
risk factor for NVG23–25 but was not included in this analysis
because most patients underwent lens extraction. This study
did not find an association between the lens status and the
incidence of NVG. One (3%) of the 40 eyes in the filtration (+) group was phakic after vitrectomy, and none of the
21 eyes in the filtration (−) group was phakic after vitrectomy. Therefore, the number of phakic eyes examined in our
study was probably not large enough to detect significant
postoperative differences between phakic and pseudophakic
eyes. Lens extraction is associated with an increased risk of
inflammation of the anterior chamber. Therefore, it is necessary to investigate the association between gas tamponade
and filtration surgery in patients not undergoing lens extraction. Second, iris/angle neovascularization may not have
been detected before surgery in all cases. Only slit-lamp
microscopy or gonioscopy was used to detect iris/angle
neovascularization in this series, and fluorescein angiography
of the anterior segment or other modalities, for example,
spectral-domain anterior segment optical coherence tomography, enabling more accurate detection should be used in
future studies. Third, a substantial number of patients did
not undergo fluorescein angiography, including those with
vitreous hemorrhage or TRD, resulting in inadequate preoperative evaluation of intraocular ischemia. A larger ischemic
area is associated with more severe NVG, so it is important to
monitor patients continuously for postoperative retinal ischemia using modalities such as fluorescein angiography and
optical coherence tomography angiography. Fourth, because
we could not determine the total number of preoperative and
intraoperative laser shots, the extent of PRP may have varied
among the patients in this study. Fifth, some of the patients
who underwent filtration surgery could have experienced
an IOP decrease because of treatment options other than
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filtration surgery if their NVG had been detected at a very
early stage. The time to the first postoperative examination
should be decreased for closer monitoring of IOP changes.
Sixth, we did not perform gonioscopy at the time that NVG
occurred to assess the peripheral anterior synechia index in
all cases. Spectral-domain anterior segment optical coherence tomography or gonioscopy enabling more accurate
assessment of the peripheral anterior synechia index should
be used in future studies.

Conclusion
The results of this study suggest that preoperative fasting
hyperglycemia, IOP at the onset of NVG, and use of gas
tamponade during PDR surgery are potential risk factors
for requirement of filtration surgery in patients who develop
NVG after PDR surgery.
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Page 735, Table 1, Filtration surgery (−) column, HbA1c, %
row, the text “7.4±1.7” should read “7.1±1.4”.

Page 733, Abstract, Results section, line 2, the text “(P=0.08)”
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Page 735, Table 1, Filtration surgery (+) column, FBG, mg/dL
row, the text “148.0±39.6” should read “195.9±72.0”.

Page 735, Table 1, Filtration surgery (-) column, Preoperative IOP, mmHg row, the text “15.4±3.3” should read
“15.4±3.0”.

Page 735, Table 1, Filtration surgery (−) column, FBG, mg/dL
row, the text “195.9±72.0” should read “148.0±39.6”.

Page 735, Table 1, Filtration surgery (+) column, HbA1c, %
row, the text “7.1±1.4” should read “7.4±1.7”.
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