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Background: Neovascular glaucoma (NVG) is a refractory glaucoma. The management of NVG is very difficult, and it is more difficult
when combined with vitreous hemorrhage. The aim of this study was to investigate the effects of ranibizumab plus combined surgery
for NVG with vitreous hemorrhage.

Methods: A total of 26 eyes of 26 NVG patients with vitreous hemorrhage were recruited in this study. The patients aged from 36 to
63 years with a mean age of 51.97 = 7.60 years. The mean intraocular pressure (IOP) was 46.38 + 5.75 mmHg (1 mmHg = 0.133 kPa) while
being treated with the maximum medical therapy. The mean best-corrected visual acuities converted to logarithm of the minimum angle of
resolution (logMAR BCVA) was 2.62 + 0.43. All the patients underwent intravitreal injection of 0.5 mg (0.05 ml) ranibizumab combined
with pars plana vitrectomy (PPV), pars plana lensectomy (PPL) with a preserved anterior capsule, panretinal photocoagulation (PRP),
and trabeculectomy (intravitreal ranibizumab [IVR] + PPV + PPL + PRP + trabeculectomy). The IOP and logMAR BCVA were the main
outcome measures in this study.

Results: The follow-up period was 12 months. The mean postoperative [OPs were 26.38 +3.75S mmHg,21.36+3.32 mmHg, 18.57+3.21 mmHg,
and 16.68 £ 2.96 mmHg, respectively at 7 days, 1 month, 3 months, and 12 months after PPV + PPL + PRP + trabeculectomy. At the
last follow-up, the mean IOP was significantly lower than the preoperative one (¢ = 6.612, P = 0.001). At 7 days, 1 month, 3 months,
and 12 months after PPV + PPL + PRP + trabeculectomy, the mean logMAR BCVA were 1.30 + 0.36, 1.29 + 0.37, 1.29 + 0.39, and
1.26 £ 0.29, respectively. At the last follow-up, the mean logMAR BCVA was significantly improved, and the difference was statistically
significant compared with preoperative one (¢ = 6.133, P = 0.002). The logMAR BCVA improved in 22 eyes (84.62%), and remained
stable in 4 eyes (15.38%). The neovascularization in the iris and the angle regressed significantly in all patients 7 days after ranibizumab
injection. No serious complications occurred during 12 months of the study.

Conclusions: IVR + PPV + PPL + PRP + trabeculectomy can control IOP well and improve BCVA without severe complication for
NVG patients with vitreous hemorrhage.
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The management of NVG is very difficult. The conventional
treatments such as medication, trabeculectomy,
cyclocryotherapy, and cyclophotocoagulation generally
have poor success rates in managing NVG.57 Patients often
suffer from intolerable pain and loss of vision if they cannot
be treated timely and effectively.

INTRODUCTION

Neovascular glaucoma (NVG) develops secondarily
to ocular ischemia.l!'¥] Vascular endothelial growth
factor (VEGF) from the ischemic retina migrates to the
anterior segment and stimulates the neovascularization in the
iris and the angle. When neovascular fibrous tissues occupy

the trabecular meshwork, aqueous outflow is disturbed, and
NVG develops eventually.?# An elevation of intraocular
pressure (IOP) due to NVG decreases the ocular perfusion
leading to further retinal ischemia, and the ischemia in turn
induces more neovascularization.
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It is very important to alleviate the ischemia promptly for
the treatment of NVG. Panretinal photocoagulation (PRP)
is an effective method to resolve the ischemic condition.®
But the management is particularly difficult in eyes with
vitreous hemorrhage and/or coexistent cataract. However,
it is possible to resolve these problems by pars plana
vitrectomy (PPV). Moreover, PPV combined with pars
plana lensectomy (PPL) enables us to apply PRP from the
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posterior pole to the ora serrata. Mitomycin C (MMC) has
been shown to improve the success rate of trabeculectomy
in patients with NVG.1®!

Therefore, in the current study, we performed intravitreal
ranibizumab (IVR) injection plus PPV, PPL with a
preserved anterior capsule, PRP and trabeculectomy with
MMC (IVR + PPV + PPL + PRP + trabeculectomy) to treat
NVG with vitreous hemorrhage. The surgical procedure
may alleviate retinal ischemia and reduce IOP as soon as
possible, thus to protect the remaining visual function to
the extreme extent.

MEeTHODS

Subjects

The study was approved by the Ethical Review Committee
of Zhengzhou University and adhered to the provisions
of Declaration of Helsinki for research involving human
subjects. Written informed consent was obtained from all
of the participants involved in the study after a thorough
discussion about the potential benefits and risks of
IVR + PPV +PPL + PRP + trabeculectomy. A total of 26 eyes
of 26 NVG patients with vitreous hemorrhage (11 males,
15 females) were recruited in this study from July 2012
to July 2014. The patients aged from 36 to 63 years with
a mean age of 51.97 + 7.60 years. The etiology of NVG
with vitreous hemorrhage included diabetic retinopathy
in eight cases, ischemic central retinal vein occlusion in
eight cases, ischemic branch retinal vein occlusion in four
cases, hypertensive retinopathy in four cases, and ocular
ischemia syndrome in two cases. All patients had corneal
edema and cataract in different degrees. The mean IOP was
46.38+5.75 mmHg (1 mmHg=0.133 kPa) while being treated
with the maximum medical therapy. The mean best-corrected
visual acuities converted to logarithm of the minimum angle
of resolution (logMAR BCVA) was 2.62 + 0.43. All patients
underwent IVR + PPV + PPL + PRP + trabeculectomy.
Patients who had undergone the following procedure such
as previous cyclodestructive procedure, scleral buckle
procedure, glaucoma drainage device implantation, or
silicone oil surgery were excluded from the study. Only one
eye per patient was included in this trial.

Surgical procedures

All procedures were carried out by experienced surgeons.
First, all patients were injected intravitreally with
ranibizumab 0.5 mg (0.05 ml). Injection procedure was
performed as described previously.”! The standard protocol
for intraocular injections included topical anesthesia,
disinfection, sterile draping, and lid speculum. Then, 0.05 ml
of ranibizumab (10 mg/ml; Novartis, Basel, Switzerland) was
delivered using a 27-gauge needle through the inferotemporal
quadrant at 3.5—4.0 mm posterior to the limbus. The needle
was carefully removed using a sterile cotton applicator.
Then the patients received an anti-glaucomatous medication:
topical brimonidine and dorzolamide/timolol fixed
combination twice a day, and oral acetazolamide (250 mg)

three times a day, because intravitreal injections could be
associated with the risk of further IOP elevation. Seven
days later, when the neovascularization in the iris and the
angle regressed significantly, we created a limbus-based
conjunctival flap for trabeculectomy. Then a three-port
PPV combined with PPL extraction and preserved the
anterior lens capsule was performed with a 23-gauge cutter.
Triamcinolone acetonide was used to facilitate visualization
of the vitreous, and posterior vitreous detachment was
induced if it had not yet occurred. Fibrovascular membranes
were removed using the total en-bloc excision technique.
Then PRP (1600-2000 shots) was performed up to the
ora serrata anteriorly. Settings were set as follows: Pulse
duration 200 ms; spot size 200-300 wm in the posterior
retina and 500 wm in the peripheral retina; power 150 mW,
increased by 10-20 mW until a white lesion was attained.
Finally, trabeculectomy and iridectomy were performed.
The procedure was performed as described previously.™
After creation of a4 mm % 4 mm, half-thickness scleral flap,
small pieces of surgical sponge soaked in MMC (0.4 mg/ml)
were inserted under the conjunctival flap for 5 minutes.
The eye was irrigated thoroughly with 200 ml saline.
Trabeculectomy was performed with a Kelly Descemet’s
Membrane Punch (Inami, Tokyo, Japan) followed by
peripheral iridectomy. The scleral and conjunctival flaps
were sutured with 10-0 nylon sutures. Postoperatively, argon
laser suture lysis and needling revision of the filtration bleb
were performed as necessary to enhance filtration.

Outcome measures

The main outcome measures in this study were postoperative
IOP, logMAR BCVA, and the incidence of complications. All
patients underwent a broad ophthalmologic examination at
every follow-up visits (baseline, 7 days, 1 month, 3 months,
and 12 months after PPV + PPL + PRP + trabeculectomy)
including IOP measurement using Goldmann applanation
tonometer, logMAR BCVA using Early Treatment Diabetic
Retinopathy Study charts at a distance of four meters,
gonioscopy, slit-lamp examination, and ophthalmoscopy.

The surgery was considered to have been successful
when IOP <21 mmHg was achieved and no serious
complications (endophthalmitis, retinal detachment,
suprachoroidal hemorrhage, cellulitis, phthisis bulbi, or
persistent hypotony [IOP <5 mmHg]) occurred during
12-month follow-up. The success was subdivided into
complete and qualified. Complete success was defined
as IOP between 6 mmHg and 21 mmHg without any
anti-glaucoma medication, and qualified success was
defined as IOP between 6 mmHg and 21 mmHg with one
medication or more. Failure was defined as [OP >21 mmHg
despite the use of maximum-tolerated medications,
IOP <5 mmHg after 3 months, the need for additional
glaucoma surgery or laser to control IOP, or serious
complications as mentioned previously. Using these criteria,
we calculated the success rates 3 months and 12 months after
IVR + PPV + PPL + PRP + trabeculectomy.
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Statistical analysis

Normally distributed data were shown as mean + standard
deviation (SD). Changes in IOP and logMAR BCVA were
compared for each follow-up visit with baseline using
paired -test. The main focus was on the 12-month results.
P < 0.05 was considered to be statistically significant.
Statistical analysis was performed with SPSS 19.0 (SPSS
Inc., Chicago, IL, USA).

ResuLts

Intraocular pressure

The patients presented with a baseline IOP of
46.38 £ 5.75 mmHg. At 7 days, 1 month, and 3 months
after PPV + PPL + PRP + trabeculectomy, the mean
IOPs were 26.38 + 3.75 mmHg, 21.36 + 3.32 mmHg, and
18.57 + 3.21 mmHg, respectively. The mean postoperative
IOPs were significantly reduced compared with baseline
at 7 days (¢ = 3.563, P = 0.005), 1 month (# = 7.635,
P =0.006), and 3 months (= 6.597, P =0.002). At the last
follow-up, the mean IOP was 16.68 + 2.96 mmHg, which
was significantly lower than the preoperative one (1= 6.612,
P =0.001) [Figure 1]. An IOP between 6 mmHg and
21 mmHg without any antiglaucoma medication was
maintained in 20 of 26 eyes (76.92%) at 3 months and was
maintained in 17 of 26 eyes at 12 months (65.38%) after
IVR + PPV + PPL + PRP + trabeculectomy. An IOP between
6 mmHg and 21 mmHg with one medication or more was
maintained in 5 of 26 eyes (19.23%) at 3 months and was
maintained in 5 of 26 eyes at 12 months (19.23%) after
IVR + PPV + PPL + PRP + trabeculectomy. The success
rates of our procedure were 96.15% at 3-month follow-up
and 84.62% at 12-month follow-up.

Best-corrected visual acuities converted to logarithm
of the minimum angle of resolution

At baseline, the mean preoperative logMAR BCVA of 26
eyes was 2.62 = 0.43. At 7 days, 1 month, and 3 months
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Figure 1: The time course of intraocular pressure (IOP) changes. At
baseline, the mean I0P was 46.38 =+ 5.75 mmHg. The mean postoperative
IOP revealed a significant reduction compared with baseline at
7days (26.38 = 3.75mmHg, P = 0.005), 1 month (21.36 + 3.32 mmHg,
P = 0.006), 3 months (18.57 = 3.21 mmHg, P = 0.002)),
and 12 months (16.68 = 2.96 mmHg, P = 0.001) after
pars plana vitrectomy + pars plana lensectomy + panretinal
photocoagulation + trabeculectomy.

after IVR + PPV + PPL + PRP + trabeculectomy, the
mean logMAR BCVA were 1.30 = 0.36, 1.29 + 0.37,
1.29 + 0.39, respectively. During the follow-up, the
increase of logMAR BCVA continued on a significantly
improved level compared with baseline at 7 days (= 15.263,
P =0.003), 1 month (¢t = 8.362, P = 0.002), and
3 months (¢ =7.685, P=0.001) respectively. At the end of
the 12-month follow-up, the mean postoperative logMAR
BCVA of 26 eyes was significantly improved as 1.26 £0.29,
and the difference was statistically significant compared
with the preoperative one (¢ = 6.133, P=0.002) [Figure 2].
The logMAR BCVA improved in 22 eyes (84.62%), and
remained stable in four eyes (15.38%).

Neovascularization in the iris and the angle

Seven days after the first IVR, the neovascularization in
the iris and the angle regressed significantly in all patients.
During the complete follow-up visit, the neovascularization
in the iris and the angle recurred in three eyes (11.54%) at
6—8 months follow-up and disappeared after reinjection
of IVR and further supplemental PRP. The obvious
neovascularization in the iris and the angle was not noted
in any patients during the following visits.

Complications

The common ocular complications in the early postoperative
period were conjunctival hemorrhage and eye pain, fibrin
formations in the anterior chamber, choroidal detachment,
hypotony, hyphema, vitreous hemorrhage, transient
elevation of IOP, and bleb leaks. The most frequently
ocular complications were conjunctival hemorrhage and
eye pain, which occurred in 10 (38.46%) of the patients.
Six cases (23.08%) had fibrin formations in the anterior
chamber and were recovery 7 days after topical application
of corticosteroids. Five cases (19.23%) had postoperative
choroidal detachment and were recovery after topical and
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Figure 2: The time course of best-corrected visual acuities converted
to logarithm of the minimum angle of resolution (logMAR BCVA)
changes. At baseline, the mean logMAR BCVA was 2.62 =+ 0.43.
The mean postoperative logMAR BCVA revealed a significant
improvement compared with baseline at 7 days (1.30 = 0.36,
P =0.003), 1 month (1.29 = 0.37, P = 0.002), 3 months (1.29 + 0.39,
P = 0.001), and 12 months (1.26 = 0.29, P = 0.002) after
pars plana vitrectomy + pars plana lensectomy + panretinal
photocoagulation + trabeculectomy.
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systemic application of corticosteroids during the first 5
postoperative days. Four cases (15.38%) had hypotony
and were recovery spontaneously 7 days later. Three
cases (11.54%) had hyphema and were absorbed completely
7 days later without treatment. Three cases (11.54%) had
vitreous hemorrhage and were resolved spontaneously
within 14 days without any interventions. The IOP of 3
patients (11.54%) was 26-28 mmHg at 7-day follow-up and
dropped to 16—18 mmHg after carteolol eye drops treatment
for 7 days. Early bleb leaks occurred in 1 eye (3.85%) and
were treated successfully with additional 10-0 nylon sutures.

With respect to late postoperative complications,
neovascularization in the iris and the angle recurred in 2
eyes (7.69%) at 6-month follow-up and 1 eye (3.85%) at
8-month follow-up, respectively, and disappeared after
reinjection of [IVR and further supplemental PRP. Epiretinal
membrane formation occurred in 2 eyes (7.69%). The
late complications of trabeculectomy, such as hypotony
maculopathy, late bleb leak, bleb-associated infection,
and corneal decompensation, were not found in any of our
patients. Severe complications such as endophthalmitis
and phthisis bulbi were not observed during the 12-month
follow-up.

With regards to systemic complications, 2 patients (7.69%)
described nausea | day after ranibizumab injection, and were
recovery without any interventions. One patient (3.85%)
described symptoms of angina pectoris, which was treated
symptomatically without further interventions.

Discussion

Neovascular glaucoma is a severe complication of ocular
ischemia diseases and has long been recognized as a very
difficult case to manage.'>!"" VEGF concentration in NVG
patients is elevated in both the aqueous humor and vitreous
humor, which shows ischemic severity.'>!3] As VEGF is
a key modulator in the angiogenic cascade, its additional
inhibition has been recently proposed as a therapeutic option
in the treatment of various diseases including NVG.[413)
Ranibizumab is a fully humanized murine monoclonal
antibody fragment, much smaller than the parent molecule
and affinity purified to provide stronger binding and
inhibition of a number of isoforms of VEGF-A. Blocking
VEGF-A can restrain abnormal new blood vessel formation
and decrease the resultant vascular leakage. The drug has
been intensively studied for intraocular use and approved
for the treatment of wet AMD, diabetic macular edema and
macular edema following retinal vein occlusion.!'s'”] Studies
have shown that IVR injection is a safe and successful
alternative that has led to higher surgical success rates.?*2!
Given the remarkable suppression of neovascularization and
hemorrhagic complications, it is speculated that preoperative
IVR injection may increase the surgical success rate of
PPV + PPL + PRP + trabeculectomy for the treatment of
NVG with vitreous hemorrhage. Therefore, our patients
all received IVR injection before the subsequent combined
surgery. In our study, 26 patients were injected intravitreally

with 0.5 mg (0.05 ml) ranibizumab. Our studies have
shown that 7 days after the first ranibizumab injection,
the neovascularization in the iris and the angle regressed
significantly in all patients, which may effectively reduce
the anterior chamber hemorrhage and vitreous hemorrhage,
and may create better conditions for further surgery and
thus improve prognosis. The current results corroborated
the findings of previous reports.?>?!

Studies have reported that the anti-VEGF agents caused
temporary regression of the iris neovascularization,
but the effect dissipated over time.?**! So according
to the pathogenesis of NVG, we then performed
PPV + PPL + PRP + trabeculectomy simultaneously to
treat NVG with vitreous hemorrhage. Studies also have
reported that incomplete vitrectomy and incomplete retinal
photocoagulation to the peripheral pars plana seem to
cause extensive fibrin and worsening rubeosis.'”! Vitreous
surgery without preservation of the anterior lens capsule
may induce acute production of VEGF and inflammatory
cytokines because of retinal damage caused by PRP, which
results in an acute immediate worsening of the NVG.[19
In our procedure, the purpose of PPL with a preserved
anterior capsule was to allow visualization for PPV and
PRP completely. In addition, the migration of VEGF and
inflammatory cytokines from the posterior to the anterior
segment may be partly blocked as a result of preservation of
the anterior lens capsule. The purpose of PPV was firstly to
remove the vitreous hemorrhage in order to improve visual
acuity and avoid the development of ghost cell glaucoma
or hemolytic glaucoma. Second, PPV can clear VEGF and
inflammatory cytokines in the vitreous cavity, thus reduce
the formation of neovascularization. Third, PPV may
have beneficial effects upon retinal ischemia by allowing
circulation in the vitreous cavity of fluid oxygenated
by unaffected retina or other sites in the eye such as the
ciliary body. However, removal of the vitreous may allow
angiogenic factors into the anterior chamber increasing
the risk of NVG; therefore, PRP may be required. Studies
have reported that PRP can effectively improve the retinal
ischemic condition, thus may prevent the development of
NVG.?1 The purpose of PRP in our study was to try to
counteract retinal ischemia and prevent the production
and migration of VEGF and inflammatory cytokines from
the posterior to the anterior segment. In addition, PRP can
effectively prevent retinal detachment. Some authors applied
PRP to the ciliary body to decrease the aqueous humor yield,
but the incidence rate of severe hypotony or phthisis bulbi
was high.['”? We did not observe hypotony and phthisis bulbi
in the current cases because we did not apply PRP to the
ciliary body. The purpose of trabeculectomy was to timely
relief the transient elevation of IOP after PRP so as to avoid
causing further damage to the optic nerve by fluctuations of
IOP. It can help protect the remaining visual function of the
NVG patients. MMC modulates wound healing by blunting
the proliferative phase of fibroblast and endothelial cell
growth and replication. The effects of MMC on fibroblasts
have been shown to be potent and durable.?® MMC inhibits
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fibroblast proliferation and has been shown to increase the
success rate of filtering surgery. Trabeculectomy with MMC
may play a long-term control of IOP.

At the 12-month follow-up, the mean IOP was
16.68 £ 2.96 mmHg which was significantly lower than the
preoperative one. An IOP between 6 mmHg and 21 mmHg
without any antiglaucoma medication was maintained in
17 eyes (65.38%). An IOP between 6 mmHg and 21 mmHg
with one medication or more was maintained in 5 eyes at
12-month (19.23%). The success rate of our procedure
was 84.62% follow-up. Kinoshita et a/'"! performed PPV
combined with PPL with a preserved anterior capsule,
PRP throughout the pars plana, and silicon oil (SO)
tamponade (PPV + PPL + PRP + SO tamponade) for
NVG. Their success rates (IOP <21 mmHg and sustained
light perception) were 92.3% after 3 months and 69.2%
after 1 year. The current procedure differs from that of
Kinoshita et al in that we choose trabeculectomy instead
of SO tamponade. Because trabeculectomy can reduce the
transient elevated IOP induced by PRP as soon as possible,
so as to avoid causing further damage to the optic nerve by
fluctuations of IOP and protect the remaining visual function
of the NVG patients. However, SO tamponade may lead to
the elevation of IOP, which probably result in irreversible
loss of vision. Marey et al ! reported the effect of
preoperative IVB injection before trabeculectomy for NVG.
The results showed that the mean preoperative IOP dropped
from 41.45 + 5.89 mmHg to 19.3 + 5.5 mmHg and 17.75
+ 3.74 mmHg at 6 months and 12 months postoperatively,
respectively. The major difference between our study and
theirs was that our patient’s condition was more serious
because of vitreous hemorrhage, we performed more such
as PPV, PPL with a preserved anterior capsule and PRP to
treat NVG with vitreous hemorrhage. The aim of our current
procedure was to perform PPV combined with PPL with a
preserved anterior capsule as early as possible, thus applying
PRP as soon as possible, so as to prevent the formation of
neovascularization, reduce elevated IOP and protect the
remaining visual function to the extreme extent.

At the 12-month follow-up, the mean postoperative logMAR
BCVA of 26 eyes was significantly improved as 1.26 +0.29,
and the difference was statistically significant compared with
baseline. The logMAR BCVA improved in 22 eyes (84.62%),
and remained stable in four eyes (15.38%). Our results were
similar to the results of Kolomeyer et al.*® They performed
combined PPV and Baerveldt tube insertion procedure in
eyes with NVG. Their results showed that logMAR visual
acuities at 18-, 24-, 36-, and 48-month follow-up time points
were significantly better than preoperative vision (P < 0.05).
But in their study, 14 eyes (16%) had a final visual acuity
of no light perception. The major difference between our
technique and theirs was that PRP was applied in our surgical
technique. Since NVG develops secondarily to ocular
ischemia and neovascularization. A prompt application of
PRP to alleviate the effects of ischemia is very important
for the treatment of NVG. PRP as soon as possible may

solve the fundamental problem of retinal ischemia, reduce
the possibility of recurrence of neovascularization, so as
to preserve the remaining visual function to the extreme
extent in patients with NVG with vitreous hemorrhage.
IVR + PPV + PPL + PRP + trabeculectomy have effectively
prevented the patients with visual loss, so as to improve the
quality of life of patients in our studies. There were no cases
of' serious ocular or systemic complications occurred during
12-month of the study.

In conclusion, although NVG with vitreous hemorrhage
remains very hard to treat, there may be a chance to control the
IOP and preserve the remaining visual function. Our findings
showed that IVR + PPV + PPL + PRP + trabeculectomy
can control IOP well and improve BCVA without severe
complications for NVG with vitreous hemorrhage. But
its long-term safety and effectiveness still need further
observation.
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