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Neovascular glaucoma: from ischemic
pathophysiology to drainage tubes and
modern pharmacotherapy

Jodo Victor Borges Gomes'“, lvan Maynart Tavares'

1. Department of Ophthalmology and Visual Sciences, Hospital Sdo Paulo, Universidade Federal de Sdo Paulo, Sdo Paulo, SP, Brazil.

ABSTRACT

This narrative review summarizes the pathophysiology, diagnosis, and management of neovascular
glaucoma and provides a comprehensive guide for clinical ophthalmologists. An iterative snowballing
approach, together with targeted searches of PubMed/MEDLINE, Embase, and the Cochrane Library,
identified 81 studies addressing key aspects of neovascular glaucoma, including molecular mechanisms,
advanced diagnostic modalities, and surgical strategies. Neovascular glaucoma is an aggressive form
of secondary glaucoma driven by ischemia-induced upregulation of vascular endothelial growth factor
and angiopoietin-2 through the hypoxia-inducible factor-1a pathway. Diagnosis is primarily based on
clinical findings and is increasingly supported by advanced imaging techniques. Management requires
a multimodal approach combining panretinal photocoagulation and anti-vascular endothelial growth
factor therapy with intraocular pressure-lowering interventions, including glaucoma drainage devices,
micropulse transscleral cyclophotocoagulation, and slow-coagulation transscleral cyclophotocoagulation.
Glaucoma drainage devices achieve the greatest intraocular pressure reduction, whereas micropulse
transscleral cyclophotocoagulation offers the most favorable safety profile. Slow-coagulation transs-
cleral cyclophotocoagulation represents an intermediate option, with a reported success rate of 71.7%
and favorable safety outcomes. Emerging therapies aim to provide sustained angiogenic control while

targeting fibrosis and neuroprotection.
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INTRODUCTION

Glaucoma is a chronic, progressive optic neuropathy and a leading cause of
irreversible blindness worldwide, with projections estimating that more than 111
million individuals will be affected by 2040". Among its subtypes, neovascular
glaucoma (NVG) is one of the most severe and vision-threatening forms.

The term NVG was first introduced by Weiss et al.) in 1963. NVG is characterized
by iris neovascularization (rubeosis iridis), formation of a fibrovascular membrane
within the anterior chamber angle, and a subsequent increase in intraocular pressure
(IOP)®. This form of secondary glaucoma typically results from posterior segment
ischemia caused by an imbalance between angiogenic and antiangiogenic factors and
is most commonly associated with proliferative diabetic retinopathy, central retinal
vein occlusion (RVO), and ocular ischemic syndrome (OIS).

Clinically, NVG progresses through three stages®. During the preglaucoma
stage, fine neovascular tufts appear at the pupillary margin and occasionally within
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the angle, extending across the scleral spur onto the tra-
becular meshwork. In the open angle stage, a fibrovascular
membrane covers the anterior iris surface and angle
structures, mechanically impairing aqueous humor outflow
despite the apparently open angle. In the angle closure
stage, contraction of this membrane pulls the iris anteriorly,
resulting in peripheral anterior synechiae (PAS), ectropion
uveae, and eventual angle closure.

The prevalence of NVG varies among populations. In
a tertiary hospital-based study conducted in China, NVG
accounted for 5.8% of all glaucoma cases®, although its
prevalence in the general population remains relatively low,
ranging from 0.01% to 0.12%. In high-risk populations, such
as patients with proliferative diabetic retinopathy or severe
posterior segment ischemia, the incidence is substantially
higher, and NVG generally develops within months after
the ischemic insult. Hospital-based studies have reported
that NVG accounts for 9%-17.4% of secondary glaucoma
cases. Among eyes with proliferative diabetic retinopathy,
33%-64% develop iris neovascularization. In patients with
proliferative diabetic retinopathy and unilateral NVG, the
fellow eye has a 33% risk of developing NVG®.

Despite advances in treatment, NVG remains a major
clinical challenge because of its aggressive course and poor
visual prognosis, often demonstrating limited responsiveness
to conventional therapies. Early detection of iris and angle
neovascularization, together with prompt treatment of
the underlying ischemic disorder, is essential for preserving
vision and improving clinical outcomes®.

METHODS

This narrative review employed a structured literature
search strategy combining targeted searches of PubMed/
MEDLINE, Embase, and the Cochrane Library with iterative
backward and forward snowballing of retrieved articles.
Studies published within the last 25 yr were considered
eligible for inclusion, although several seminal studies
published earlier were also included because they
established key conceptsrelated to NVG. Initial searches used
Medical Subject Headings terms and keywords, including
“neovascular glaucoma,” “NVG,” “iris neovascularization,”
“rubeosis iridis,” “VEGF,” “anti-VEGF,” “glaucoma drainage
devices,” “panretinal photocoagulation,” and “cyclo-
photocoagulation.”

Pathophysiology

Retinal hypoxia is the central event in the pathogenesis
of NVG, triggering a cascade of molecular events and the
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overexpression of proangiogenic factors. Under hypoxic
conditions, hypoxia-inducible factor-1a (HIF-1a) becomes
stabilized and translocates to the nucleus, where it activates
the transcription of several genes, including vascular
endothelial growth factor (VEGF)®.

Vascular endothelial growth factor, particularly the
VEGF-A isoform, is the principal mediator of this response.
VEGF produced in the posterior segment diffuses into the
aqueous humor and binds to VEGF receptors 1and 2 (VEGFR-1
and VEGFR-2) on endothelial cells within the iris and angle
vasculature, promoting endothelial proliferation, migration,
and increased vascular permeability, ultimately leading to
neovascularization®.

Additional molecular pathways also contribute to disease
progression. Angiopoietin-2 (Ang-2) acts synergistically with
VEGF to destabilize existing blood vessels and promote
pathological angiogenesis, whereas angiopoietin-1 (Ang-1)
normally maintains vascular stability through activation
of the Tie-2 receptor. Under ischemic and inflammatory
conditions, Ang-2 levels increase and antagonize Ang-1
activity at the Tie-2 receptor, rendering blood vessels more
responsive to VEGF(?, This dual mechanism has become a
therapeutic target for bispecific antibodies such as faricimab.

Inflammation further amplifies this process. Proinflamma-
tory cytokines, including interleukin-6 and tumor necrosis
factor-a, are upregulated in the aqueous humor of eyes with
NVG and potentiate angiogenesis. The interaction among
ischemia, angiogenesis, and inflammation establishes a
vicious cycle that contributes to the aggressive clinical
course of NVG™,

As VEGF and other angiogenic mediators accumulate,
neovascularization extends into the anterior segment, invol-
ving the iris and trabecular meshwork. These fragile and
permeable vessels are prone to bleeding and promote
fibrovascular proliferation, which obstructs the trabecular
meshwork, reduces aqueous humor outflow, and elevates
IOP.

Over time, persistent angiogenesis and inflammation
promote fibrovascular membrane formation across the
angle. Contraction of these membranes results in PAS and
angle closure, leading to sustained IOP elevation that, if
left untreated, causes progressive optic nerve damage and
irreversible vision loss (Figure 1).

Etiology of NVG

The development of NVG is primarily driven by retinal
ischemia, which induces angiogenic responses and abnormal
vessel proliferation in the anterior segment. Although the
incidence and etiologic factors vary among populations,
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retinal ischemia remains the principal pathogenic mecha-
nism. Proliferative diabetic retinopathy is one of the
most common causes, particularly in patients with long-
standing or poorly controlled diabetes, among whom
NVG may develop in up to one-third of cases®™. Persistent
hyperglycemia induces microvascular damage and retinal
hypoxia, stimulating the release of angiogenic mediators
such as VEGF, which promote abnormal vessel growth in the
iris and angle, impair aqueous humor outflow, and increase
IOP. Pars plana vitrectomy and cataract extraction, which
are commonly performed in diabetic eyes, may further
increase the risk of NVG by facilitating the anterior diffusion
of vasoproliferative factors, thereby increasing rates of
postoperative iris neovascularization and NVG.

RVO is another major cause of NVG, with approximately
half of affected eyes developing some form of neovascula-
rization following the occlusive event™. Venous outflow
obstruction compromises retinal perfusion, leading to
ischemia, release of angiogenic mediators, and progressive
neovascularization.

Carotid artery disease, particularly in the setting of OIS,
is also strongly associated with NVG. Carotid stenosis or

occlusion reduces ocular perfusion, resulting in diffuse
retinal hypoxia and anterior segment neovascularization.
NVG secondary to OIS may initially present with relatively
low IOP but is frequently associated with serious systemic
comorbidities, including cerebrovascular disease, thereby
warranting prompt systemic evaluation.

Several less common conditions may also lead to NVG
through ischemic or inflammatory mechanisms, including
retinal detachment, intraocular or orbital tumors, radiation
retinopathy, chronic uveitis, and severe ocular trauma.
Although less frequent, these conditions highlight the di-
verse and multifactorial nature of NVG pathogenesis, unified
by the central role of retinal ischemia and pathological
neovascularization.

Treatment
Clinical Control of IOP

The management of NVG depends on early diagnosis
and timely intervention because sustained elevation of IOP
can result in glaucomatous optic neuropathy and severe
ocular pain. The European Glaucoma Society recommends
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a treatment strategy based on two major principles:
suppression of retinal ischemia through panretinal
photocoagulation (PRP) orintravitreal anti-VEGF therapy and
IOP control using medical or surgical approaches to prevent
optic nerve damage. In the early stages of the disease,
before the development of PAS, medical therapy combined
with antiangiogenic treatment may stabilize disease
progression. Once PAS obstructs the iridocorneal angle,
pharmacologic treatment alone is generally insufficient, and
surgical intervention becomes necessary. A multidisciplinary
approachinvolving retina specialistsis essential for adequate
control of angiogenic stimuli and optimization of clinical
outcomes.

Although definitive IOP control often requires surgical
treatment, medical therapy remains crucial for slowing
optic nerve damage, improving media clarity, relieving
discomfort, and serving as a bridge until surgery can be
performed. The primary pharmacologic strategy involves
suppression of aqueous humor production. B-blockers,
az-adrenergic agonists, and carbonic anhydrase inhibitors
(CAls) effectively reduce I0P, usually within 1 hour after
instillation(¥. B-blockers such as timolol, available in 0.25%
and 0.50% formulations, achieve approximately 20%-25% IOP
reduction with twice-daily administration(). Betaxolol, a
cardioselective B1-blocker, demonstrates lower hypotensive
efficacy because of its limited f2-receptor activity in ocular
tissues(® but may be preferable in patients with pulmonary
disease(?. Systemic B-blocker therapy may attenuate the
ocular hypotensive effect of topical agents such as timolol®).

Selective a2-adrenergic agonists, including brimonidine,
reduce IOP by approximately 20%-25% from baseline
values™ but may cause conjunctival hyperemia, follicular
conjunctivitis, pruritus, and systemic adverse effects, such
as dry mouth, fatigue, and dizziness®®. Topical CAls, such as
dorzolamide and brinzolamide, reduce IOP by about 15%-20%
with twicedaily administration, without additional benefit
from threetimesdaily dosing®*. Common adverse effects
include blurred vision, tearing, burning sensation, and ocular
discomfort®). Although concerns regarding sulfonamide
hypersensitivity persist, current evidence suggests that
topical CAls are generally safe in patients with self-reported
sulfa allergy when careful monitoring is provided®+),
Nevertheless, caution is advised in patients with chronic
kidney disease because of the potential for systemic adverse
effects.

Prostaglandin analogs, such as latanoprost, reduce 10P
by enhancing uveoscleral outflow through relaxation of the
ciliary muscle and remodeling of the extracellular matrix©®.
These agents achieve approximately 25%-35% IOP reduction
with once-dailyadministration, with onset of action generally
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occurring within 6 hours®?®). Reported adverse effects
include conjunctival hyperemia, increased eyelash growth,
iris pigmentation changes, periorbital skin darkening,
and potential exacerbation of intraocular inflammation.
Importantly, prostaglandin analogs remain effective in
eyes with PAS or angle closure and may therefore be used
regardless of angle status®.

Rho-kinase inhibitors, a newer class of topical
medications, reduce 10P primarily by enhancing trabecular
outflow and secondarily by decreasing episcleral venous
pressure and aqueous humor production®®. Although these
agents may theoretically be less effective in NVG because of
compromised outflow structures, clinical evidence regarding
their role in this setting remains limited.

Cholinergic agents such as pilocarpine, which increase
trabecular outflow while reducing uveoscleral outflow,
are generally avoided in NVG. Their use is contraindicated
because they may exacerbate inflammation, induce anterior
displacement of the iris-lens diaphragm, further narrow the
anterior chamber angle, and precipitate angle closure®. In
addition, the miosis induced by these agents may impair
visualization of the posterior segment, which is essential for
NVG management.

Adjunctive therapies include topical corticosteroids,
which reduce inflammation, vascular permeability, and
neovascular proliferation, as well as cycloplegic agents such
as atropine, which relieve pain associated with ciliary spasm
and reduce the risk of hyphema®.

Oral CAls such as acetazolamide are frequently used for
short-termIOPreductionandmaylower|OPbyapproximately
19%-35% within hours of administration3*3?. However,
systemic adverse effects, particularly metabolic acidosis,
necessitate careful monitoring, especially in patients with
renal impairment(™.

Hyperosmotic agents, including intravenous mannitol
and oral glycerol, are reserved for emergency reduction
of I0P. These agents act by increasing plasma osmolarity
and reducing aqueous humor production through central
nervous system-mediated effects®33%. Consequently, close
systemic monitoring is required because of the risk of fluid
and electrolyte disturbances.

Trabeculectomy

Trabeculectomy, particularly when combined with
antimetabolites such as mitomycin C (MMC) or 5-fluorouracil
(5-FU), is a commonly performed filtering procedure for
glaucoma. However, its efficacy is substantially reduced in
NVG because of the intense inflammatory and angiogenic
environment, which promotes subconjunctival fibrosis and
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intraoperative or postoperative bleeding, both of which are
strongly associated with surgical failure.

Case series evaluating trabeculectomy without antifi-
brotic agents are limited, and reported failure rates may
reach 80%6%. Identified risk factors for surgical failure include
postoperative hyphema and previous vitrectomyG®. The
introduction of off-label antifibrotic agents such as MMC
and 5-FU was intended to reduce postoperative scarring
and improve surgical outcomes. More recently, anti-VEGF
agents have been investigated as adjunctive therapies
because of their ability to modulate both neovascularization
and wound healing®?.

Trabeculectomy with Mitomycin C

Despite the addition of MMC, trabeculectomy in eyes
with NVG continues to demonstrate only modest long-term
outcomes. In a Korean study, only 29% of eyes with NVG
achieved adequate I0P control after 1 yr®®), although most
patients had not undergone prior PRP. When trabeculectomy
with MMCis preceded by PRP, surgical success rates improve
considerably, reaching 67% at 1 yrG9. However, long-term
success declines over time, decreasing to approximately 51%
at 5 yrG9,

Trabeculectomy with 5-Fluorouracil (5-FU)

The use of 5-FU offers flexibility because it may be
administered intraoperatively or postoperatively; however,
available evidence remains limited. Early studies conducted
duringthe 1980sreportedsuccessrates of 60%-70%at 1yr4o4,
Nevertheless, surgical efficacy decreases substantially over
time, with reported success rates of approximately 50% at 3
yr4? and only 28% at 5 yr®3., Consequently, trabeculectomy
with 5-FU is no longer recommended for the management
of NVG®49),

Trabeculectomy with anti-VEGF Agents

Anti-VEGF agents such as bevacizumab and ranibizu-
mab may improve surgical outcomes by reducing neovas-
cularization and modulating fibroblast activity within
Tenon’s capsule. In animal models, VEGF inhibition reduced
conjunctival vascularization and collagen deposition®,
whereas histopathologic studies demonstrated decreased
inflammation and vascular congestion within the trabecular
meshwork of treated eyes#®.

Several routes of administration have been evaluated:

¢ Subconjunctival anti-VEGF: A randomized clinical trial de-
monstrated no significant overall benefit compared with
placebo at 1yr. However, a subgroup analysis of eyes with

NVG showed a surgical success rate of 72%, compared
with 66% in the control group®”.

¢ Intracameral anti-VEGF: Two case series reported en-
couraging outcomes when intracameral bevacizumab or
ranibizumab was administered before trabeculectomy
in eyes that had previously undergone PRP. In the stu-
dy by De Moraes et al.4®), four eyes maintained an IOP
between 10 and 14mmHg without medication over a mean
follow-up period of 12.8 months. Elmekawey and Khafagy“?
reported complete IOP control in 53% of eyes and partial
control in 40% at 6 months. Studies comparing different
preoperative doses of bevacizumab (1.25 vs. 2.5mg) de-
monstrated comparable outcomes®.

e Intravitreal anti-VEGF: Additional studies showed that
preoperative intravitreal bevacizumab improved short-
term surgical success rates (95% vs. 75% at 6 months)®Y,
although this benefit diminished after 1 yr».

The timing of anti-VEGF administration and adequate
regression of iris neovascularization are critical for reducing
hyphema, which is a major predictor of surgical failure®3.

Glaucoma Drainage Devices

Glaucoma drainage devices (GDDs) have become the
preferred surgical option for refractory glaucoma, including
NVG. These devices create a permanent fistula between
the anterior chamber and an equatorial subconjunctival
reservoir, thereby bypassing the compromised trabecular
meshwork.

The principal advantages of GDDs over trabeculectomy
include maintenance of a continuously patent fistula through
the drainage tube, posterior aqueous drainage toward
the equatorial region of the globe, which is generally less
reactive, and formation of a well-defined encapsulated
bleb over the endplate that facilitates controlled aqueous
outflow.

Because NVG is frequently associated with postoperative
hyphema and severe intraocular inflammation, both of
which are linked to high trabeculectomy failure rates®5354),
implantation of a GDD is often preferred as the primary
surgicaltreatment.Thisapproachisparticularlyadvantageous
in eyes with marked intraocular inflammation®3.

In a retrospective study published in 2011, Shen et
al.® compared MMC-augmented trabeculectomy with
Ahmed glaucoma valve (AGVY) implantation in 40 eyes with
NVG. Surgical success rates were higher in the AGV group,
reaching 70% at 1 yr and 60% at 2 yr, compared with 65% and
55%, respectively, in the trabeculectomy group.
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Because eyes with NVG often present with markedly
elevated preoperative 10P, valved GDDs are frequently
preferred initially because they provide more immediate
pressure reduction to levels of approximately 8—12mmHg,
thereby reducing the risk of hypotony-related complications.
However, compared with nonvalved implants such as
the Baerveldt glaucoma implant (BGl), the AGV has de-
monstrated lower long-term survival rates. This difference
may be attributable to early exposure of surrounding
tissues to aqueous humor containing proinflammatory
cytokines, which promotes the formation of a denser, more
congested fibrous capsule and increases the incidence of the
hypertensive phases?.

The Ahmed Baerveldt Comparison Study compared AGV
and BGI implantation in eyes with refractory glaucoma,
including NVG. After 5 yrof follow-up, the study demonstrated
higher rates of successful IOP control in the BGI group
than in the AGV group. Eyes receiving nonvalved implants
also required fewer adjunctive hypotensive medications.
However, the BGI group showed a higher incidence of
postoperative hypotony-related complications®®.

A more recent retrospective study published in 2020,
which evaluated 152 eyes with NVG, demonstrated similar
failure rates between AGV and BGI devices at 6 months.
However, eyes implanted with a BGI required fewer topical
hypotensive medications®?.

An additional therapeutic strategy frequently combined
with surgery is the use of intravitreal anti-VEGF agents, which
have been shown to improve surgical outcomes. Zhou et
al.®® reported that Ahmed valve implantation combined
with preoperative intravitreal bevacizumab achieved
comparable 10P reduction and reduced dependence on
hypotensive medications compared with surgery alone.
Importantly, anti-VEGF therapy significantly decreased the
incidence of hyphema, a known risk factor for postoperative
complications, thereby contributing to a safer postoperative
course.

Accordingly, in our clinical practice, the preferred surgical
approach for NVG consists of implantation of a valved GDD
following a single intravitreal anti-VEGF injection and PRP.

Transscleral Cyclophotocoagulation

Each transscleral cyclophotocoagulation (TSCPC)
technique offers distinct advantages with respect to efficacy
and safety. Potential complications include pain, hyphema,
persistentinflammation, corneal edema, hypotony, and even
phthisis bulbi®). Recent advances in TSCPC technology have
broadened its indications in refractory glaucoma.
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Conventional Continuous-Wave TSCPC
(Pop-Titrated Technique)

The conventional approach delivers 1,750-2,000mW
of laser energy for 2 s per application, with power titrated
until an audible “pop” is heard, indicating tissue disruption.
A retrospective study published in 2009 compared diode
laser TSCPC with AGV implantation in 66 eyes with NVG and
demonstrated comparable success rates between the two
procedures after 2 yr of follow-up®?. Similar efficacy was
reported in @ more recent comparative study published in
2018 by Choy et al.®3), which demonstrated a success rate
of approximately 86% in 12 eyes with NVG and no previous
history of glaucoma surgery, with a minimum follow-up
period of 6 months.

Slow-Coagulation TSCPC (Slow-Burn Technique)

Slow-coagulation TSCPC (SC-TSCPC) represents a refine-
ment of the conventional technique in which a fixed lower
laser power (1,250 mW) is delivered over a longer duration
(4 s) without titration to an audible pop. This approach aims
to achieve ciliary body ablation while minimizing collateral
thermal damage to adjacent tissues.

In a retrospective study involving 53 patients with
medically refractory NVG, Khodeiry et al.®¥ reported that
SC-TSCPC used as a primary surgical intervention achieved
a significant reduction in IOP, from 40.7£8.6 to 18.4%12.2
mmHg. The cumulative success rates were 71% at 12 months
and 64% at 24 months. Importantly, visual acuity remained
relatively stable, and complication rates were lower than
those historically reported with conventional continuous-
wave TSCPC (CW-TSCPC). Decreased visual acuity occurred
in 13% of cases, whereas anterior chamber inflammation
occurred in 9%.

Comparative studies have demonstrated that SC-TSCPC
provides superior 0P control compared with micropulse
TSCPC (MP-TSCPC ). Gustianty et al.® found that SC-TSCPC
achieved greater IOP reduction than MP-TSCPC without
significant differences in complication rates. Similarly,
Hwang et al.®® reported that SC-TSCPC provided superior
IOP control and lower surgical failure rates compared with
micropulse laser treatment, although patients with NVG
represented only approximately 10% of the study population.
A recent randomized clinical trial by Beniz et al.? further
supported these findings, identifying SC-TSCPC as a more
effective option for refractory glaucoma, although eyes with
NVG were not included in that study.
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Micropulse TSCPC

Micropulse TSCPCdelivers laser energy in short repetitive
pulses (31.3-kHz frequency, 0.5-ms on time, 1.1-ms off time,
31.3% duty cycle) rather than by continuous application,
thereby allowing tissue cooling between pulses and
minimizing collateral thermal damage, including vision loss,
hypotony, and phthisis bulbi®®.

Despite these advantages, MP-TSCPC is generally asso-
ciated with higher costs and often produces less robust
and shorter-lasting 10P reduction in clinical practice. This
technique has shown promise in several glaucoma subtypes,
including NVG, and demonstrates the most favorable safety
profile among cyclodestructive procedures. However,
MP-TSCPC appears to be less effective than SC-TSCPC for
IOP reduction. In eyes with NVG, the 1-yr success rate was
reported to be 54% for SC-TSCPC compared with 33% for MP-
TSCPC®®), In addition, some studies have reported the need
for rescue SC-TSCPC following failure of MP-TSCPC(9.

Comparative Summary of TSCPC Techniques

The three TSCPC modalities can be broadly ranked
according to efficacy and safety. With respect to IOP
reduction, conventional CW-TSCPC appears to be the most
effective, followed by SC-TSCPC and then MP-TSCPC. In
contrast, the safety profile follows the reverse order, with
MP-TSCPC demonstrating the greatest safety.

SC-TSCPC therefore represents an intermediate option,
combining a reproducible fixed-parameter technique with
greater efficacy than MP-TSCPC and improved safety
compared with conventional continuous-wave delivery. In
the context of NVG, SC-TSCPC appears particularly promising
as a primary surgical intervention, with reported success
rates of approximately 71% at 1 yr and 64% at 2 yr®%.

In selected cases, TSCPC may offer specific advantages
over GDDs. It may be particularly useful in eyes with
intumescent cataracts and extensive PAS, in which tube
implantation can be technically challenging. Favorable
outcomes have also been reported in eyes filled with silicone
0il7. Moreover, TSCPC may be advantageous in patients
with severe systemic comorbidities because it is a relatively
rapid procedure associated with minimal postoperative
restrictions and faster recovery than conventional incisional
surgery.

Comparative Analysis of Surgical Modalities: Efficacy—
Safety Trade-off

Comparative analysis of surgical approaches for NVG
reveals a fundamental trade-off between efficacy and safety

that should guide clinical decision-making. The available
evidence is derived primarily from heterogeneous sources,
including retrospective studies, case series, pilot trials, and
cohorts of mixed or non-NVG refractory glaucoma, rather
than from large randomized head-to-head clinical trials
specifically designed for NVG.

GDDs remain the gold standard for surgical management,
demonstrating the greatest 0P reduction, approximately
34 mmHg at 12 months. These findings are consistent
with the landmark study by Shen et al., which reported
superior outcomes for GDD implantation compared with
trabeculectomy in this challenging population®®. However,
GDDimplantationrequiresincisional surgeryandisassociated
with procedure-related risks, including tube exposure,
corneal decompensation, and hypotony, thereby requiring
careful patient selection and surgical expertise.

SC-TSCPC has emerged as a promising intermediate
option, offering balanced efficacy with an improved safety
profile compared with conventional CW-TSCPC. In eyes with
NVG, SC-TSCPCachieved amean IOP reduction of 22.3 mmHg.
The fixed-parameter protocol used in SC-TSCPC (1,250 mW
for 4 s) eliminates the need for pop titration and may reduce
collateral thermal injury while maintaining substantial
IOP reduction. Recent randomized controlled trial data
demonstrated success rates of 70% with SC-TSCPC compared
with 30% with MP-TSCPC in refractory glaucoma.

Although MP-TSCPC demonstrates the most favorable
safety profile with relatively few complications, it achieves
lower success rates and frequently requires retreatment.

The relatively poor long-term performance of MMC-
augmented trabeculectomy in NVG reflects the aggressive
neovascularization and fibrosis characteristic of this disease
and reinforces current recommendations favoring GDD
implantation over filtration surgery in this population®®.

This efficacy-safety spectrum enables individualized
surgical planning. GDD implantation may be preferable for
eyes with good visual potential and acceptable surgical
risk; SC-TSCPC may represent an intermediate option
balancing efficacy and invasiveness; MP-TSCPC may be
more suitable for high-risk patients willing to accept the
possibility of retreatment; and conventional CW-TSCPC may
be reserved for palliative management of blind, painful
eyes. The emergence of SC-TSCPC, with reported success
rates of 71.7% in NVG, represents an important therapeutic
advance that may bridge the gap between the high efficacy
of GDD implantation and the superior safety of MP-TSCPC,
warranting further evaluation in prospective comparative
studies.
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Minimally Invasive Glaucoma Surgeries

Studies evaluating minimally invasive glaucoma surgery
(MIGS) in NVG remain scarce. This likely reflects the severe
nature of NVG, which is typically associated with markedly
elevated IOP and a predominantly pretrabecular mechanism
resulting in secondary angle closure.

Nevertheless, a 2022 case report by Kanter et al.t”
described the potential role of gonioscopy-assisted
transluminal trabeculotomy in a carefully selected case of
NVG. The procedure was performed in a young patient with
preserved visual potential and an open angle after complete
regression of angle neovascularization. Good IOP control
was maintained for 9 months before eventual surgical failure
occurred. This report suggests that MIGS may have a limited
but potentially relevant role in carefully selected patients
with NVG.

Management of Retinopathy
Panretinal Photocoagulation

Panretinal photocoagulation remains the definitive
treatment for ablation of ischemic retina and suppression of
the angiogenic drive. By destroying hypoxic photoreceptors,
PRP decreases retinal metabolic demand and downregulates
VEGF production. The procedure is generally performed 3-7
days after intravitreal anti-VEGF injection to allow regression
of neovascularization and reduce the risk of intraoperative
hemorrhage.

Anti-VEGF Therapy

The introduction of anti-VEGF agents, including bevaci-
zumab, ranibizumab, and aflibercept, has revolutionized
the management of NVG. Administered through intravitreal
injection, these agents induce rapid regression of neovas-
cularization of the iris (NVI) and neovascularization of the
angle (NVA), typically within days?>7). This effect creates a
critical therapeutic window during which PRP and surgical
interventions can be performed with a lower risk of bleeding

complications.

A 2024 meta-analysis demonstrated that combining
intravitreal and intracameral anti-VEGF injections may
provide a more profound and sustained reduction in anterior
segment neovascularization and IOPU%. The efficacy of
ranibizumab as an adjunctive therapy has also beenreported
in the Brazilian literature.
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FUTURE DIRECTIONS

Sustained-Release Anti-VEGF and Multimodal Agents

To overcome the transient effects associated with
currently available anti-VEGF agents, sustained-release drug
delivery platforms are under development. The Port Delivery
System with ranibizumab (Susvimo), a permanent refillable
ocular implant, provides continuous drug delivery and has
already been approved for other retinal vascular disorders®.

Genetherapyrepresents another emerging strategy. Viral
vector-based therapies such as ixoberogene soroparvovec
(ADVM-022) have shown promise for achieving long-
term intraocular expression of anti-VEGF proteins after a
single injection. However, the application of sustained-
release or gene-based anti-VEGF therapies in NVG remains
investigational and is currently extrapolated from studies
involving non-NVG retinal diseases.

In addition, bispecific antibodies are broadening thera-
peutic targets. Faricimab, which simultaneously targets
VEGF-A and angiopoietin-2 (Ang-2), has demonstrated
improved durability and vascular stabilization in diabetic
macular edema by modulating both angiogenesis and
inflammation®®. Although this dual mechanism is biolo-
gically attractive for ischemia-driven anterior segment neo-
vascularization, no NVG-specific clinical data are currently
available. Therefore, any potential role for faricimab in NVG
should be regarded as hypothesis-generating and limited to
future clinical investigations rather than current clinical practice.

Advances in Surgical Devices and Techniques

Research efforts continue to refine surgical approaches
for NVG. Newer GDDs incorporating improved biomaterials
aim to reduce capsular fibrosis and improve long-term
surgical success. Similarly, micropulse TSCPC protocols are
being optimized to achieve sustained IOP reduction while
minimizing collateral tissue damage. However, current
evidence regarding micropulse TSCPC in NVG is derived
primarily from small retrospective series; consequently,
its application in eyes with good visual potential remains
selective and investigational®.

Neuroprotection and Anti-Inflammatory Targets

Agents targeting microglial activation and oxidative
stress are currently being explored as adjunctive neuro-
protective therapies®®. The development of novel anti-
inflammatory strategies may also help disrupt the vicious
cycle of ischemia, angiogenesis, and inflammation that
drives disease progression®). Nevertheless, in the context



Gomes JVB, Tavares IM. Neovascular glaucoma: from ischemic pathophysiology to drainage tubes and modern pharmacotherapy

of NVG, these approaches remain experimental and
should currently be viewed as potential future therapeutic
avenues rather than established components of clinical
management.

NVG remains a complex and challenging form of se-
condary glaucoma; however, the therapeutic landscape
has evolved substantially in recent years (Figure 2A,B).
Contemporary management has shifted from a reactive,
IOP-centered approach toward a proactive and multifaceted
strategy focused on controlling retinal ischemia through
combined PRP and anti-VEGF therapy. In advanced disease,
GDDs remain the surgical gold standard, although their
efficacy is enhanced by preoperative anti-VEGF treatment.
At the same time, safer alternatives such as slow-coagulation
TSCPC are increasingly gaining acceptance across a broader
range of clinical scenarios.

The current evidence base remains dominated by he-
terogeneous observational studies and comparative case
series. Therapeutic strategies aimed at achieving more
durable angiogenic suppression, improved modulation of
postoperative fibrosis, and adjunctive neuroprotection are
conceptually promising; however, in NVG, these approaches
remain investigational and are largely extrapolated
from retinal disease and non-NVG glaucoma research.
Robust prospective comparative studies and NVG-specific
evaluations of sustained-release anti-VEGF systems, gene-
based therapies, and evolving surgical technologies are still
required to determine their true impact on long-term visual
and structural outcomes in this challenging condition.
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A, Initial evaluation and staging of neovascular glaucoma. B, Management
of retinal ischemia and intraocular pressure control in neovascular glaucoma
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