
Medical and Surgical Treatment of Neovascular Glaucoma

Lisa C. Olmos, M.D., M.B.A. and Richard K. Lee, M.D., Ph.D.
Bascom Palmer Eye Institute, University of Miami Miller School of Medicine Miami, FL

INTRODUCTION
Neovascular glaucoma (NVG) is an aggressive type of glaucoma, which often results in
poor visual outcomes. Most NVG patients have severe underlying systemic and ocular
pathology which causes NVG as a late presentation of their primary systemic and/or ocular
disease. This makes NVG very difficult to treat. The key to adequate treatment of this
devastating ocular disease is an understanding of its pathogenesis, which has recently been
better elucidated.

Weiss and colleagues first proposed the term “neovascular glaucoma” in 1963, when they
described a severe glaucoma associated with the presence of new iris and angle vessels. (1)
These patients present with elevated intraocular pressure (IOP) and neovascularization of the
iris and angle, often with hyphema and other ocular findings, such as ectropion uveae
(Figure 1). The myriad medical conditions resulting in NVG all lead to a final common
pathway of profound retinal ischemia. This ischemia induces retinal production of
vasoproliferative factors, including vascular endothelial growth factor (VEGF), which
diffuse anteriorly and lead to anterior segment neovascularization of the iris (NVI) and
neovascularization of the angle (NVA). Patients with NVI and NVA may have normal IOP
in the early stages. If left untreated, the fibrovascular scaffolding of these vessels cross the
angle and IOP becomes markedly elevated, though the angle may still be gonioscopically
open. Ultimately, in the absence of definitive treatment, these fibrovascular membranes
contract and produce synechial angle closure and ectropion uveae with intractable elevation
of IOP and damage to the optic nerve with subsequent vision loss.

The most common conditions resulting in NVG are retinal vein occlusion, diabetic
retinopathy, and carotid occlusive disease (including ocular ischemic syndrome) (2, 3).
Other conditions resulting in retinal ischemia that can lead to NVG include central retinal
artery occlusion, chronic retinal detachment, and intraocular malignancies.

TREATMENT OF NVG
The management of NVG has two main components. The first component is reduction of the
IOP by both medical and surgical means. The second component, which is arguably the
most critical for effective long-term treatment outcomes, is reduction of the ischemic drive
that induces formation of new blood vessels. The mainstay of this treatment component is
panretinal photocoagulation (PRP), which reduces the production of vasoproliferative
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factors from ischemic retina. If performed early during the neovascular process, PRP can
induce the regression of both anterior and posterior segment neovascularization. More
recently, the use of anti-VEGF agents to induce rapid regression of neovascularization has
gained widespread clinical acceptance (3-12).

Prevention of NVG is always preferable to treatment of the consequences of NVG. Patients
at high risk for development of NVG, such as those with proliferative diabetic retinopathy or
recent CRVO, should be screened carefully at each clinic visit for neovascularization of the
iris and angle, even if intraocular pressures are normal. If NVI or NVA is detected, prompt
application of PRP and anti-VEGF treatments should be initiated. Treatment of
neovascularization, especially if prior to the development of intractable glaucoma, may
prevent or delay the development of sight-threatening NVG.

MEDICAL CONTROL OF IOP
Medical control of elevated intraocular pressure includes the topical administration of agents
to reduce aqueous production and increase aqueous humor outflow to lower the IOP, such as
with beta-blockers, carbonic anhydrase inhibitors, prostaglandin agonists, and alpha-
adrenergic agonists. Oral administration of carbonic anhydrase inhibitors is also effective in
patients who tolerate this class of medications. Finally, eyes with NVG should also be
treated with topical steroids and cycloplegics, particularly if significant intraocular
inflammation or hyphema is present.

Medical treatment of the elevated IOP encountered in NVG is temporizing, particularly if
the angles are closed by synechiae. Nevertheless, controlling the IOP until more definitive
treatment can take effect is important for protecting the optic nerve from damage, decreasing
associated pain, and possibly improving vision secondary to IOP-dependent corneal edema.

SURGICAL CONTROL OF IOP
Surgical intervention is indicated when medical therapy is inadequate to control IOP,
particularly if synechial angle closure from NVA has occurred. Glaucoma surgery is helpful
in the early stages to control the IOP until anti-angiogenic panretinal photocoagulation can
take effect and for longer term IOP control if the angle is closed secondary to NVA.

Trabeculectomy and other filtering surgeries are moderately successful in the long term in
patients with NVG. The success of trabeculectomy success is limited by the severe
inflammation encountered with NVG eyes. Trabeculectomy with adjunctive 5-fluorouracil
showed high success rates initially, which decreased with longer-term follow up. (13)
Trabeculectomy with mitomycin C (MMC) for the IOP lowering in NVG eyes had a success
rate of 62.6% at one year, declining to 51.7% by five years of follow-up in a patient cohort
where the majority (81.2%) of the NVG cases were secondary to diabetic retinopathy. (14)
Risk factors for progressive failure of MMC-treated trabeculectomies included younger age
and prior vitrectomy. (14)

In recent years, glaucoma drainage implants (GDI) have gained popularity in the surgical
treatment of NVG, as their success is less dependent on control of intraocular inflammation
and the failure of a filtering bleb. (15) Figure 2 shows a NVG patient who has undergone
recent GDI placement with an associated hyphema from NVI.

Cyclodestructive procedures, such as cyclophotocoagulation (CPC), remain a treatment
option, particularly if the eye has little or no useful visual potential. The disadvantage of this
surgical option is that it is often difficult to titrate the effect of CPC on the ciliary body and
frequently more than one treatment is necessary to attain effective IOP control (16, 17) and
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excessive laser treatment can lead to hypotony and phthisis. In addition, severe
inflammation associated with CPC in these eyes may also lead to hypotony and phthisis.

CONTROL OF THE ISCHEMIC DRIVE FOR NEOVASCULARIZATION
The key to ultimate resolution of the underlying disease process in NVG patients is control
of the ischemic drive inducing neovascularization. In many cases, this can be achieved via
panretinal photocoagulation (PRP). However, many of these patients have cloudy media,
due to a variety of factors such as corneal edema and hyphema, making the fundus view
inadequate for placement of PRP. In these cases, medical therapy, as well as anti-angiogenic
therapy, as described below, is initiated. A short interval of observation will determine
whether or not the view will clear. If it does not, pars plana vitrectomy (PPV) with endolaser
(EL) photocoagulation should be strongly considered. Many surgeons will opt for combined
GDI placement at the time of PPV and EL, particularly if synechial angle closure is evident
or suspected.

The role of anti-angiogenic agents in the treatment of this disease is currently becoming
established. Administration of bevacizumab induces rapid resolution of iris vessels, (5) as
demonstrated angiographically. (Figure 3) Published case reports, small case series, and
treatment outcome studies of intravitreal bevacizumab for NVG suggested that early
diagnosis and treatment of NVG with intravitreal bevacizumab improved NVG outcomes.
(6-12) However, bevacizumab-induced regression of neovascularization is often temporary
and recurrence is possible, (10) while PRP provides a more permanent reduction of the
ischemic angiogenic stimulus.

If bevacizumab is administered while the anterior chamber angle is open at the time of NVG
diagnosis and prior to the formation of PAS and angle closure, some have postulated that
IOP may be controlled without the need for surgical procedures. (8) Iliev et al reported the
use of intravitreal bevacizumab for NVG in six eyes. Three eyes with PAS at the time of
NVG diagnosis required treatment with CPC laser to control IOP, while three eyes without
PAS did not require CPC. (6) Similarly, Gheith et al reported the use of intravitreal
bevacizumab for NVG in six eyes; those eyes with PAS at the time of presentation
subsequently required glaucoma surgery for adequate IOP control, while those eyes without
PAS required only topical medication to control IOP. (10) Eyes with NVG and open angles
have a delayed requirement for GDI by at least six months, when compared with NVG eyes
with closed angles. (3) Eyes with NVG and closed angles have minimal IOP lowering
response compared with eyes with open angles when NVI is treated with intravitreal
bevacizumab, although eyes with closed angles have higher initial IOPs prior to anti-VEGF
treatment. (4) In addition, the majority (93%) of these closed angle eyes, even with
regression of NVI induced by intravitreal bevacizumab, required glaucoma surgery,
compared with seventeen percent of open angle NVG eyes treated similarly. (4)

Several authors have advocated the use of bevacizumab as an adjunct to glaucoma surgery
in order to facilitate surgery and improve long-term outcomes. (18-20) Our group undertook
a large study of NVG patients, comparing those eyes treated with and without intravitreal
bevacizumab. In our study, the cumulative proportion of eyes receiving a GDI was initially
less in eyes receiving intravitreal bevacizumab compared with those eyes not treated with
bevacizumab; however, the cumulative proportions were similar with longer follow-up
(Olmos et al, submitted). This illustrates the importance of prompt, definitive, treatment and
careful long-term follow-up in those eyes injected with bevacizumab, regardless of initial
angle status and initial IOP lowering. The majority of patients, if followed long enough,
require surgical intervention for the control of IOP. Eighty percent of patients in our study
ultimately received a glaucoma drainage implant.
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The ideal treatment outcome in NVG patients is prevention of synechial angle closure with a
combination of angi-angiogenic treatment and PRP. (21, 22) However, this is rarely occurs,
as NVG patients often present late in the course of their disease, missing the narrow
therapeutic window for prevention of angle closure and the need for glaucoma surgery. In
patients with regressed NVA observed gonioscopically, angles may appear open, but
transparent residual ghost vessel bodies may be present and form synechial membranes with
closed angles that are recalcitrant to IOP treatment and require glaucoma surgery. Thus,
close observation of regressed NVA is important for treating incipient glaucoma prior to
significant optic nerve damage.

COMPLICATIONS OF NVG TREATMENT
The treatment of neovascular glaucoma can be fraught with complications. Eyes with this
condition often present with pain, significantly decreased vision, and marked intraocular
inflammation. In addition, neovascular vessels are prone to bleeding with even minor
manipulation due to their friable nature.

Intravitreal injections of anti-VEGF agents often result in marked acute IOP elevation,
necessitating either pre- or post-injection anterior chamber (AC) paracentesis. Paracentesis
can be complicated by hyphema, given the presence of the friable iris vessels. Hyphemas
resulting from AC paracentesis are typically managed medically with topical steroids and
cycloplegics unless sustained significantly elevated IOP in association with hyphema may
cause corneal blood staining.

Surgical intervention, such as the placement of a glaucoma drainage implant, can also lead
to hyphema as a result of iris and globe manipulation during surgery and intraocular trauma
to neovascular vessels. (Figure 2) Hyphema can impair visualization during surgery and lead
to longer operative times, as well as cause blood clots which can occlude the tube tip of a
GDI. Our preference is to place superior GDIs in NVG patients to decrease the risk of GDI
tube tip occlusion by hyphema. In addition, hyphema can lead to clot formation at the valve
junction in valved GDIs that can compromise early IOP control. A recent study found that
intravitreal bevacizumab was a useful preparatory step to safely implant an aqueous
shunting tube in NVG. (19) Our clinical impression is that administration of anti-VEGF
agents pre-operatively (within one week of surgery) reduces such bleeding complications by
causing rapid regression of the neovascular vessels, which tend to be more fragile and leaky.

Sustained elevated intraocular pressure during or after surgical intervention such as GDI
placement or vitrectomy can “snuff” the already damaged optic nerves of these patients.
This is particularly notable in patients who have suffered from years of optic nerve damage
due to other types of glaucoma prior to developing NVG. This risk should be discussed with
the patient pre-operatively. Aggressive medical management of IOP should also be
instituted pre-operatively in order to minimize this potential complication.

CONCLUSIONS
NVG represents a therapeutic challenge. However, by understanding its pathogenesis and
applying those principles towards its treatment, NVG can be successfully treated when
diligent clinical attention is applied. Figure 4 presents a proposed treatment algorithm for
NVG. As guided by evidence-based studies reviewed herein, the current standard of care for
NVG at our institution typically includes administration of intravitreal bevacizumab at the
time of diagnosis of NVG or prior to glaucoma surgery for NVG, prompt application of PRP
if an adequate view of the posterior pole exists, or application of endolaser during PPV (if
planned in association with retinal surgery with or without the need for glaucoma surgery),
and lowering of IOP medically and via placement of a GDI as necessary.
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Figure 1.
NVG with florid NVI and ectropion uveae
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Figure 2.
Status post GDI surgery for NVG. Note the presence of hyphema.
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Figure 3.
Iris fluorscein angiography showing rapid of NVI after administration of Bevacizumab
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Figure 4.
Proposed Treatment Algorithm for Neovascular Glaucoma
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