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Neovascular glaucoma (NVG) represents one of the most severe forms

of secondary glaucoma, caused by a number of ocular and systemic
conditions, which share the common element of retinal ischaemia/hypoxia
that initiates the subsequent release of angiogenesis factors, with
consequent development of new abnormal vessels through the ciliary
body.The aim was to examine the potential efficacy and safety of
intravitreal injection of bevacizumab (IVB) (Avastin®) in the treatment of
NVG in patients who had already undergone the standard retinal ablative

This was a prospective pilot trial. Clinical data of 26 eyes from 23 patients,
including diagnosis, visual acuity, iris fluorescein angiography stage and
intraocular pressure (IOP), were collected. Three injections of bevacizumab
were scheduled for each recruited eye at 4-week intervals from the start. All
investigations were repeated the day before the IVB (1.25 mg/0.05 ml) and
at the 1-, 3-, 6-,9- and 12-month follow-up.

Regression of corneal oedema together with significant pain reduction was
achieved in all eyes already after the first IVB, without any noteworthy
improvement of visual acuity. At the end of the scheduled protocol (three
IVB), regression of iris neovascularization was documented in all patients,
together with significant improvement of visual acuity. The IOP reduction
from baseline ranged from 30 to 0 mmHg (12.1 = 8 mmHg).

Intravitreal bevacizumab, as adjunctive treatment to the standard retinal
ablative procedure, seems promising for the management of conditions
responsible of retinal ischaemia/hypoxia associated with NVG.
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Introduction

Neovascular glaucoma (NVG) is classified as a secondary
glaucoma. First documented in 1871 [1], it has been
referred to as haemorrhagic glaucoma, thrombotic glau-
coma, congestive glaucoma, rubeotic glaucoma and
diabetic haemorrhagic glaucoma. Numerous secondary
ocular and systemic diseases that share a common
element, retinal ischaemia/hypoxia, may induce NVG.
Hypoxia is responsible of the release, from ischaemic
tissue, of vascular endothelial growth factor (VEGF), a vaso-
proliferative substance that acts upon healthy endothelial
cells of viable capillaries to stimulate the formation of a
fragile new plexus of vessels (neovascularization). A close
temporal correlation between aqueous VEGF levels and
the degree of iris NVG has been recorded [2]. NVG occur-
rence depends from the development, throughout the
ciliary body, of these new abnormal vessels [2-4]. Continu-
ous growth of this fibrovascular membrane causes the for-
mation of anterior synechiae and angle closure, which
mechanically block the aqueous humour outflow through
the trabecular meshwork. The consequent intraocular
pressure (IOP) increase impairs the perfusion pressure,
even decreasing blood flow in the retina, choroid and optic
nerve head.

NVG is a potentially devastating disease; delayed diag-
nosis or poor management can result in complete loss of
vision or, possibly, loss of the globe itself. Thus, early diag-
nosis followed by immediate and aggressive treatment
is crucial. In managing NVG, it is essential to treat both
elevated IOP and the underlying cause of the disease.Thus,
both the IOP decrease and ocular blood flow improvement
must be considered to ensure the correct amount of
oxygen and nutrients to ganglion cells. There is evidence
that specific inhibition of VEGF can inhibit neovasculariza-
tion in the iris, choroid, cornea and retina [2, 5, 6].

Ranibizumab is a 48-kDa humanized Fab fragment of a
murine monoclonal anti-VEGF antibody that acts nonspe-
cifically by binding to all VEGF isoforms. Pharmacokinetic
studies in the rabbit have indicated a half-life in the vitre-
ous cavity of 3 days after intravitreal injection [6]. Recently,
several authors have demonstrated that inhibition of VEGF
activity may play a role in the treatment of NVG, but these
were retrospective studies, with short-term follow-up, and
performed on a small number of patients [7-22].The aim of
this study was to explore the potential efficacy and safety
of intravitreal injection of bevacizumab (IVB) (Avastin®;
Genentech Inc., S.San Francisco, CA, USA) in a case series of
26 eyes throughout a prospective clinical trial with 1 year’s
follow-up.

Methods

The clinical trial included 26 eyes of 23 consecutive
patients (age 55 * 14 years; 13:10 male:female ratio)
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affected by NVG. Nineteen eyes were diagnosed as prolif-
erative diabetic retinopathy (PDR), seven as central retinal
vein occlusion (CRVO) and all presented at first examina-
tion with IOP ranging between 25 and 51 mmHg
(36 = 8 mmHgq) (Tables 1 and 2). All patients were under
maximum topical IOP-lowering therapy and seven of them
were also on dorzolamide tablets (patients 7,11 12,13, 15,
17 and 21) Inclusion criteria consisted of presence of
dilated capillary or neovascular vessels at pupillary margin,
aqueous flare, elevated 10P, corneal oedema, hyphaema,
severe rubeosis. Patients <18 years old, those with severe
systemic disease, pregnancy as well as any uncontrolled
ocular disease were excluded.

All patients underwent a complete ophthalmic exami-
nation including slit lamp biomicroscopy, retinal and iris
fluorescein angiography (IFA). All patients had already
undergone the standard retinal ablative procedure in the
previous 3 months, without significant improvement. After
discussion of both the natural course of the disease and
the results of the alternative approach for NVG, together
with the potential risks and benefits of off-label bevaci-
zumab intravitreally administered, all patients gave written
consent to receive a pars plana injection of 1.25mg of
bevacizumab (Avastin®; 1.25 mg/0.05 ml). The four local
Human Subjects Review Committees (Campobasso, Larino,
Brescia and Napoli) approved the project.

Table 1

Baseline patient characteristics

Patient Eye Gender Age Lensstatus Visual acuity Diagnosis

1 Right M 42 Phakic CF PDR
1 Left M 42 Phakic 6/120 PDR
2 Right F 36 Phakic 6/60 PDR
3 Right M 45 Phakic 6/120 PDR
3 Left M 45 Pseudophakic  6/60 CRVO
4 Right M 62 Phakic 6/120 CRVO
5 Right F 61 Pseudophakic  6/120 PDR
6 Right ™M 66 Pseudophakic  6/12 CRVO
7 Right F 72 Pseudophakic ~ HM PDR
8 Right M 51 Phakic 6/120 PDR
9 Left F 37 Aphakic HM PDR
10 Right M 45 Phakic 6/24 PDR
1 Right F 32 Pseudophakic  CF PDR
12 Right ™M 41 Phakic HM PDR
12 Left M 41 Pseudophakic  6/60 PDR
13 Left F 35 Pseudophakic  6/60 PDR
14 Left M 54 Phakic 6/15 PDR
15 Left F 56 Phakic 6/60 PDR
16 Left M 47 Aphakic 6/120 CRVO
17 Left F 72 Pseudophakic  HM PDR
18 Right M 58 Pseudophakic  6/60 PDR
19 Left M 80 Pseudophakic  6/120 PDR
20 Left F 72 Pseudophakic  HM CRVO
21 Left F 69 Aphakic HM CRVO
22 Right ™M 76 Phakic 6/120 CRVO
23 Left M 59 Phakic CF PDR

CF, counter finger; CRVO, central retinal vein occlusion; HM, hand motion;
PDR, proliferative diabetic retinopathy.
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Figure 1

Massive iris neovascularization in two patients with neovascular glaucoma secondary to proliferative diabetic retinopathy. Iris fluorescein angiography
shows complete regression of fluorescence leakage at 12 months’ follow-up after three intravitreal injections of bevacizumab

Data collected from each recruited patient included
diagnosis, visual acuity, IFA stage, IOP and number of IVB
injections. The angiograms were interpreted and graded
according to the Ehrenberg and associates system [23].

All investigations were repeated the day before the IVB
injection (baseline) and at 1, 3,6,9 and 12 months’ follow-
up. Three injections of bevacizumab were scheduled for
each patient every 4 weeks after baseline observation.

Statistical comparisons (Systat statistical packages,
Evanston, IL, USA) were made using the Spearman’s p rank
correlation (IFA stage) and paired t-test (visual acuity and
IOP). A probability of randomness <0.05 was considered
statistically significant.

Results

Twenty-six eyes of 23 patients (12 phakic, 11 pseudophakic
and three aphakic), were included in the study. At the time
of the first injection, visual acuity ranged from 20/50 to
counter finger (CF) and the fundus was not visible on indi-
rect examination in any subject.

After the first IVB the cornea had cleared and significant
pain reduction together with partial regression of leakage
from the iris vessels was achieved in all patients, without
any significant improvement in visual acuity. At 1 month’s
follow-up the mean IOP reduction from baseline
ranged from 18 to 0 mmHg (8 = 5 mmHg),and only in one
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Table 3

Iris fluorescein angiography

Grade 0 Grade 1 Grade 2 Grade 3 Grade 4
TO 0 4 7 8 7
T12 13 12 1 0 0

Spearman’s rank correlations.

patient was a highly significant IOP reduction recorded
(=27 mmHg, patient 12, Right eye) (Table 2).

After the third IVB, complete regression of iris neovas-
cularization (Figure 1, Table 3) in most cases, together with
visual acuity recovery (from CF to 20/50), was achieved.The
mean IOP decrease was approximately 13 mmHg.

At 12 months’ follow-up all patients showed further
improvement in visual acuity to 20/200 or better [paired
t-test: baseline vs. 12 months, P=0.0001; 95% confidence
interval (Cl) —0.22,—0.13] (Figure 2).The fundus was clearly
visible with detail already after the second injection, thus
we were able to complete the panretinal photocoagula-
tion (PRP). The IOP reduction ranged from 30 to 0 mmHg
(12.1 £ 8 mmHg) (paired t-test baseline vs. 12 months,
P=0.0001; 95% ClI 9.91, 16.94) (Figure 3). Three eyes of
three patients (patients 13, 16 and 21) required surgery
with Ahmed glaucoma valve implant and 15 eyes of 14
patients (patients 1,5,6,7,9,11,12,15,17,18,19, 20,22 and
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Scatter plot of intraocular pressure at 12 months’ follow-up vs. baseline

23) were treated with topical IOP-lowering drops alone
(11 out of 15 on timolol + dorzolamide and four out of 15
on timolol + dorzolamide + prostaglandin) (Table 2).
Neither systemic nor ocular adverse events due to the IVB
were recorded either immediately after the IVB injections
or over the follow-up period.

Discussion

Neovascular glaucoma is one of the most severe complica-
tions in patients affected by PDR or CRVO and it remains
one of the most important causes of blindness in these
eyes [4].The presence of a clear visible fundus is necessary
for appropriate monitoring of the disease and also to try to
minimize the growth of neovascular tissue.

Currently, there is no satisfactory treatment of NVG,
thus the first goal should be to prevent its development
by appropriate management of causative disease. If NVG

Bevacizumab for neovascular glaucoma BJ( :P

develops, early diagnosis together with aggressive
control of IOP is crucial to minimize visual field loss.
Potential success has been achieved with the combina-
tion of medical management, including the use of topical
eye-drop medications and steroids, and PRP [24]. The aim
of PRP is to destroy ischaemic tissue, decreasing the VEGF
production that leads to irreversible development of an
abnormal vascular network through the ciliary body [2].
Aqueous VEGF levels represent the severity of anterior
segment ischaemia and could be used as an indicator of
the extent of ischaemia [25]. Some controversy still exists
about the pathogenesis, prognosis and management
of NVG. In fact, laser ablation of ischaemic areas is only
occasionally effective and is often used as a temporary
measure that helps to keep the angle open. The bene-
ficial effect of PRP on neovascularization is perhaps
directly related to the concomitant intravitreal treatment
of angiogenic factors. It has been postulated that the IVB
may play a role in the treatment of ischaemic areas by
inhibiting VEGF activity and, consequently, the growth of
tissue through the angle structure [2]. In fact, bevaci-
zumab is a full-length humanized monoclonal antibody
with some advantages in pharmacokinetics and tissue
distribution. In a recent study by Mordenti et al. [26] on an
experimental animal model, it has been demonstrated
that the half-life of bevacizumab within the vitreous body
is longer than the Fab antibody (ranibizumab), due to its
smaller size and its significant diffusion through the
retinal layers. Using microautoradiography assays, these
authors have pointed out that bevacizumab did not pen-
etrate the inner limiting membrane, whereas ranibizumab
distributed through the neural retina to the retinal
pigment epithelial layer and persisted in this location for
up to 7 days [26].

In light of these findings, bevacizumab seem to
possess a better therapeutic profile for attacking vessel
growth in the preretinal space in PDR, CRVO and many
other conditions that result in ischaemia of the retina or
ciliary body [26]. In addition, IVB is able to bind all iso-
forms of VEGF [27]. Recently, Spitzer and co-workers, in a
comparative study in vitro of the antiproliferative and
cytotoxic properties of bevacizumab, pegaptanib and
ranibizumab, have demonstrated that all tested com-
pounds significantly suppress choroidal endothelial cell
proliferation. Thus, when used at the currently established
doses, none of the drugs was superior to others in respect
of endothelial cell growth inhibition [28]. The biocompat-
ibility of these compounds seems to be excellent when
used at the currently recommended intravitreal dose.
Bevacizumab is a full-length anti-VEGF antibody that was
originally approved for use in metastatic colonic cancer
and is under investigation as a low-cost off-label alterna-
tive for patients with age-related macular degeneration.
There is growing evidence that this drug may be an effec-
tive and safe alternative to the more expensive ranibi-
zumab and pegaptanib, although prospective trials are

Br | Clin Pharmacol / 66:5 / 671
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required to investigate this issue fully, and its continued
unlicensed use raises ethical, legal and policy questions
[29, 30].

In this small case series the potential efficacy and safety
of IVB as adjunctive treatment in patients suffering from
NVG has been confirmed. The best response, in terms of
regression of neovascularization, was achieved after the
third injection. Baseline IFA showed pathological leakage
from the vessels in all quadrants of the iris, with the same
pattern of reaction persisting after the first injection. At the
12-month check only a slight leakage in the late phases
was recorded. IOP did not show any significant reduction,
in fact patients needed adjunctive medical or surgical
treatment.

In conclusion, intravitreal bevacizumab represents a
worthwhile option in association with photocoagulation
treatment. The combined therapy, despite limitations
related to both the small number of patients and short-
term follow-up, has revealed promising results in the man-
agement of PDR and CRVO associated with NVG.
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