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Zusammenfassung

Einleitung: Das Neovaskularisationsglaukom (NVG) macht etwa 3,9% aller Glau-
komfélle aus. Mit einer Pravalenz von 0,01-0,12% in Europa handelt es sich um eine
seltene, jedoch potenziell zur Erblindung fithrende Erkrankung. Als sekundéres Glau-
kom geht dieser Pathologie typischerweise eine Grunderkrankung voraus. Die haufig-
sten davon sind die diabetische Retinopathie, der zentrale retinalvendse Verschluss
und das okulére ischdmische Syndrom. Theoretisch sollte das rechte und linke Auge
in etwa gleich hiaufig betroffen sein. Studien zeigen jedoch eine Asymmetrie bei ze-
rebrovaskuldren Ereignissen, die moglicherweise auch Gefaflerkrankungen des Auges
beeinflussen kénnten. Ziel dieser Studie war es, einen moglichen Seitenunterschied im

Auftreten dieser sekundiaren Glaukomform zu untersuchen.

Methoden: Es wurde eine retrospektive Datenanalyse unter Verwendung der hausin-
ternen Datenbank und des Patientenverwaltungssystems der Universitéts- Augenklinik
Graz durchgefiihrt. Es wurden alle Patientinnen und Patienten eingeschlossen, die zwi-
schen Dezember 1996 und April 2024 mindestens einmal ambulant mit der Diagnose
eines NVG vorstellig wurden. Das Hauptmerkmal der Analyse war die betroffene Seite,
kategorisiert als rechts, links oder beidseitig. Zusétzlich wurden verschiedene patien-

tenbezogene Merkmale erfasst.

Ergebnisse: Im Beobachtungszeitraum wurden insgesamt 569.537 Augen ambulant an
der Universitats-Augenklinik untersucht. Unter diesen fanden sich 648 Félle (0,114%)
mit der Diagnose neovascular glaucoma (NVG). Von den betroffenen Augen entfielen
366 (56,5%) auf das linke Auge und 282 (43,5%) auf das rechte Auge. Die statistische
Auswertung ergab eine signifikant hohere Privalenz von NVG im linken Auge (p <
0,001) mit einer berechneten Odds Ratio von 1,298. Eine logistische Regressionsanalyse
zeigte zudem eine signifikante Assoziation zwischen dem Seitenunterschied und dem
Vorliegen eines Diabetes mellitus (OR = 1,46; p = 0,035). Alle weiteren erhobenen

Variablen zeigten keinen signifikanten Einfluss.

Diskussion: Signifikant hdufiger war das linke Auge vom NVG betroffen als das rechte
(OR = 1.30; p < 0.001). Zudem zeigte sich eine Assoziation zwischen einem linksseiti-

gen NVG und dem Vorliegen eines Diabetes mellitus.



Abstract

Introduction: NVG accounts for approximately 3.9% of all glaucoma cases. With a
prevalence of 0.01-0.12% in Europe, it is a rare but potentially blinding disease. As
a secondary glaucoma, certain diseases precede the pathology, with the most common
being diabetic retinopathy, central retinal vein occlusion, and ocular ischemic syn-
drome. In theory, the left and right eye should be affected at approximately equal
rates. However, studies show an asymmetry in cerebrovascular events, which may po-
tentially influence diseases of the ocular vessels. The aim of this study is to investigate

a potential side difference in the occurrence of this secondary form of glaucoma.

Methods: A retrospective data analysis was carried out using data from the in-house
database and the patient management system of the Department of Ophthalmology of
the Medical University of Graz. Data were collected from all patients who had at least
one outpatient visit with a diagnosis of NVG between December 1996 and April 2024.
The primary characteristic analyzed was the affected side, categorized as right, left, or

bilateral. In addition, several patient characteristics were collected.

Results: During the observation period, a total of 569,537 eyes were examined on an
outpatient basis at the University Eye Clinic. Among these, 648 cases (0.114%) were
diagnosed with NVG. Of the affected eyes, 366 (56.5%) were left eyes, and 282 (43.5%)
were right eyes. Statistical analysis revealed a significantly higher prevalence of NVG
in the left eye (p < 0.001) with a calculated odds ratio of 1.298. A logistic regression
analysis revealed a significant association between the side difference and the presence
of diabetes (OR = 1.46; p = 0.035). All other secondary variables surveyed showed no

significant influence.

Discussion: Significantly more left eyes than right eyes were affected by NVG (OR =
1.30; p < 0.001). An association between left-sided NVG and diabetes was observed.
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Chapter 1

Introduction

1.1 Glaucoma

Glaucoma constitutes a heterogeneous group of diseases that lead to blindness through
optic nerve head damage. The main finding and often the first indication for diag-
nosis is elevated intraocular pressure (IOP). Due to the gradual but slow progression
of vision loss and neurological compensation mechanisms for blind areas of the visual
field, significant optic nerve damage may already be present upon diagnosis. In low
and middle-income countries, an estimated 90% of glaucoma cases are undiagnosed.
In high-income countries, it is still half of the cases. Approximately 95 million people
worldwide are affected and mostly suffer from vision problems and associated limita-
tions in daily life. Around 10 million glaucoma patients are blind in at least one eye,
making glaucoma the leading global cause of irreversible blindness. While it is still
not possible to reverse the vision loss caused by glaucoma, early detection and effective
treatment can significantly slow down disease progression.[1][2] The greatest risk factor
in the development of glaucoma is age. The majority of glaucoma patients are over
40 years old. Approximately 10% of people over 75 have open-angle glaucoma. It is
noteworthy that different ethnicities have varying high risks for developing glaucoma.
Among Hispanics, the likelihood of developing glaucoma is significantly higher than
the global average, especially in old age. In the population of African descent, the risk
is about twice as high, and the disease progression is also more severe. The relation-
ship between blood pressure and the development of glaucoma is not fully understood.

Some studies have shown an increased risk in individuals with either high or low blood

12



1.2. Classification, Epidemiology and Etiology 13

pressure. Alcohol and nicotine do not have a clear influence on the development of
glaucoma. However, it has been shown that patients with open-angle glaucoma and
normal IOP, known as normotensive glaucoma, are often women, particularly those
with migraines or Raynaud’s syndrome. In most cases, glaucoma patients have ele-
vated IOP, which is also a risk factor.[3] Glaucomas also have a genetic component. If
first-degree relatives are affected by a glaucoma diagnosis, the individual’s risk increases
by almost 8 times compared to the general population. Angle-closure glaucomas can
often go unnoticed for a long time until there is suddenly an acute glaucoma attack.
This is characterized by symptoms such as blurred vision, seeing rainbows and halos
around light sources, nausea, vomiting, and even complete vision loss. The reason for
this is the sudden increase in IOP. Approximately half of the patients experiencing
angle-closure attacks suffer damage to the optic nerve, and the chance of experiencing
permanent vision loss due to an acute glaucoma attack is 10%. Another risk factor
for the development of glaucoma is myopia. Individuals with more than -3 diopters
(Dpt) have a 3 times higher risk of glaucoma, and those with over -6 Dpt have an even
higher risk. This is concerning as currently about 34% of the world’s population suffers
from myopia, with a projected increase to around 40% by 2030 and a further increase
thereafter.[1][2]

1.2 Classification, Epidemiology and Etiology

1.2.1 Classification

1.2.2 Epidemiology

With 65 million people affected by open-angle glaucoma, the majority of patients have

this form, while 30 million suffer from angle-closure glaucoma.

Currently, NVG accounts for about 3.9% of all cases of glaucoma. Although this
represents a relatively small proportion, in these cases, the damage to the retina and
associated loss of vision is often severe. Demographically, this type of glaucoma is more
common in individuals over the age of 50. In the European Union, an estimated 75,000

to 113,000 people are affected by NVG, with an annual incidence of 3,800 new cases.
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Approximately half of all cases of glaucoma-induced blindness can be attributed to
the angle-closure type, as it often has a more severe course. Angle-closure glaucomas
are most prevalent in Asia, especially among older women. Although glaucomas are
strongly associated with increased IOP, half of all patients have normal intraocular
pressure. Additionally, the majority of individuals with an IOP above the upper limit
of 21 mmHg do not develop glaucoma within their lifetime, even without treatment.
Secondary glaucomas occur when an eye disease causes a very high increase in IOP.
Common causes of secondary glaucoma include uveitis, ocular trauma, and neovascu-
larization of the anterior segment. Secondary glaucomas often lead to severe vision loss

as the IOP can rise significantly in affected eyes.[1][2]

1.2.3 Etiology

Glaucomas are classified into primary, secondary, and congenital forms. Primary refers
to the absence of an underlying condition that causes glaucoma. Secondary glaucomas
represent an increase in IOP and subsequent optic nerve damage caused by an ocular
condition. Furthermore, a distinction is made between open-angle glaucoma and angle-
closure glaucoma. To differentiate between them, one must be aware of the anatomy

of the anterior chamber of the eye.

lense
cornea

anterior eye chamber

flow of the posterior eye chamber

ageous humor it

ciliary body
corneoscleral junction

trabecular meshwork
canal of Schlemm

conjunctiva

Figure 1.1: Anterior Segment of the eye, Haematoxylin-eosin stained
medical facutly of the university of Basel. Autor: U.M. Spornitz
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The aqueous humor produced by the ciliary body enters the anterior chamber
between the iris and the pupil and flows through the iridocorneal angle into drainage
channels. As the name suggests, in open-angle glaucoma, the anterior chamber
angle is open, unlike in angle-closure glaucoma. However, this does not neces-

sarily mean that the aqueous humor drainage is adequate. Reasons for that are:
An obstruction of the trabecular meshwork by accumulated material

A loss of trabecular endothelial cells

A reduction in trabecular pore density and size in the inner wall endothelium of the
Schlemm canal

A loss of giant vacuoles in the inner wall endothelium of the Schlemm canal

A loss of normal phagocytic activity

Disturbance of neurologic feedback mechanism[4][5]

1.3 Neovascular Glaucoma (NVG)

1.3.1 Etiology

Neovascular Glaucoma (NVG) can arise from both ocular and systemic diseases. Com-
mon ocular ischemic causes include central retinal vein occlusion, diabetic retinopathy,
carotid insufficiency or ocular ischemic syndrome, sickle cell retinopathy, radiation
retinopathy, central retinal artery occlusion, retinopathy of prematurity, familial ex-
udative vitreoretinopathy, and persistent hyperplastic primary vitreous. Inflamma-
tory triggers include uveitis, trauma, Eales disease, retinal vasculitis, anterior segment
ischemia, endophthalmitis and extraocular inflammatory vascular causes such as Gi-
ant Cell Arteritis and temporal arteritis. Retinal diseases that can lead to NVG in-
clude long-standing retinal detachment, proliferative vitreoretinopathy, Coats disease,
retinoschisis, and detachment associated with intraocular tumors. Tumors can also
cause NVG. These include choroidal melanoma, iris melanoma, retinoblastoma, in-
traocular metastases, ciliary body medulloepithelioma, vasoproliferative tumors of the
retina, hyperviscosity syndromes, and myeloproliferative disorders. The three most
common triggers of NVG are diabetic retinopathy (33%), central retinal vein occlusion
(33%), and ocular ischemic syndrome (13%). It is worth noting that 60% of individuals
with central retinal vein occlusion develop new vessels in the anterior segment of the
eye within a few weeks to two years, and 40-45% of this group develop NVG within just

6-8 months. In cases of diabetic retinopathy, 65% of individuals show vessel formation
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in the iris, and 20% develop NVG. Diabetics with NVG in one eye have a 33% chance
of developing NVG in the other eye as well.[6][7]

1.3.2 Pathogenesis

NVG is a secondary form of glaucoma. The ingrowth of new blood vessels leads to
obstruction of the iridocorneal angle (ICA). This results in inadequate drainage of
aqueous humor, leading to an increase in IOP. Chronically elevated IOP can damage
the optic nerve and, in the worst case, lead to blindness.[6] This form of glaucoma
was first described in 1871 and has been given various names throughout history, such
as congestive glaucoma, rubeotic glaucoma, and diabetic hemorrhagic glaucoma. The
term neovascular glaucoma was first coined in 1906 by Coats, when histopathologically,
new retinal blood vessels on the iris surface were demonstrated in a patient with Cen-
tral Retinal Vein Occlusion (CRVO).[8] In 1928, Salus discovered similar blood vessel
formations in a patient with diabetes. Finally, in 1963, Weiss introduced the term neo-
vascular glaucoma to describe a condition associated with neovascularization of the iris,
fibrovascular membrane in the ICA, and elevated IOP. [6]. NVG arises from the forma-
tion of new blood vessels in the iris and the anterior chamber angle. The reason for this
is ischemia of the retina, which leads to the release of vasogenic substances. This creates
an imbalance between pro-angiogenic substances such as vascular endothelial growth
factor (VEGF), hepatocyte growth factor, insulin-like growth factor, tumor necrosis
factor, inflammatory cytokines (especially I1L-6), and anti-angiogenic substances such
as transforming growth factor (TGF-£), thrombospondin, and somatostatin. The most
important mediator, however, is VEGF, which is produced by various retinal cells such
as pericytes, retinal pigment epithelium, Miiller cells, ganglion cells, and especially
non-pigmented ciliary epithelium. When this substance reaches the anterior chamber
of the eye from the posterior eye segment, it can initiate neovascularization from the
minor and major arterial rings of the iris. Furthermore, very high levels of VEGF
also deteriorate the blood-retina barrier due to increased adhesion of leukocytes to
the endothelial cells. In addition, TGF-/ and fibroblast growth factor stimulate the
proliferation of fibroblasts and the formation of fibrovascular membranes over the iris
and the ICA. As a result of these mechanisms, drainage of aqueous humor is impaired,
leading to an increase in IOP. In connection with retinal hypoperfusion, there is an

imbalance between the IOP and the arterial perfusion pressure of the retina, leading to
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a significant reduction in retinal blood flow. If not treated promptly, this can quickly

lead to irreversible retinal damage and even blindness.[6]

1.3.3 Vascular endothelial growth factors (VEGF)

Vascular endothelial growth factors (VEGF) are key molecules in the initiation and
guidance of neovascularization. VEGFs belong to the family of platelet-derived growth
factors (PDGF). They are not only part of angiogenesis but also of vasculogenesis,
which is the formation of new vessels in embryogenesis. Under physiological conditions,
VEGTF is responsible for embryonic vascular development and the formation of collateral
vessels after trauma, in muscles after high physical exertion, or in occluded vessels.
However, VEGF is also released under pathological conditions, promoting increased
vascularization of growing tumors to supply them with sufficient oxygen and nutrients.
Currently, six subtypes of VEGF are known: VEGF-A, VEGF-B, VEGF-C, VEGF-D,
VEGF-E, and placental growth factor (PIGF).

VEGF-A is considered the most potent and important factor in angiogenesis. When
referring to VEGF, usually VEGF-A is meant. It plays an important role in vasculoge-
nesis and neoangiogenesis, causing cell proliferation, inhibition of apoptosis, increased
vascular permeability, vasodilation, and recruitment of inflammatory cells to the injury

site.

VEGEF-B is already released in the early embryonic stage and plays a role in the de-
velopment of the cardiovascular system and the myocardium, but is not essential for
these. It is currently suspected that VEGF-B plays a role in maintaining certain cells,
such as smooth muscle cells, endothelial cells, pericytes, neurons (motor neurons in the

spinal cord, cortex, or retina), and cardiomyocytes.

VEGEF-C is expressed in embryos to promote the growth of lymphatic vessels. An
increased amount correlates with a well-developed lymphatic system, which may rep-
resent the genetic transfer of the factor as a new treatment strategy for patients with
lymphedema. As an adult, VEGF-C is found in the heart, ovary, placenta, intestine,

thyroid, and other tissues.

VEGF-D has similar properties to VEGF-C and is also involved in the formation of
lymphatic vessels. However, its role is less significant, so genetic inactivation of the

responsible gene does not show severe consequences.
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VEGF-E is primarily a component of the parapoxvirus Orf, which mainly infects goats
and sheep. VEGF-E, similar to VEGF-A, increases vascular permeability and also has

a mitogenic effect on endothelial cells.

PIGF was first discovered in human placental tissue. There, it initiates trophoblast
growth and differentiation, trophoblast invasion, and blastocyst implantation. Its effect
is mainly based on synergism with VEGF-A, through which it enhances effects such as

an increase in vascular permeability, cell migration, and proliferation.[9][6]

1.3.4 Treatment

The treatment of NVG comprises four key aspects:

1. Treatment of retinal ischemia in order to reduce the stimulus for neovascularization:
a. Intravitreal anti-VEGF agents
b. Panretinal photocoagulation
2. Treatment of the underlying systemic disease, if present, in order to improve retinal
blood flow
3. Control of IOP
4. Control of inflammation (e.g. in uveitis)[6][10][7]

Type of treatment depends on disease severity. Depending on how advanced the glau-

coma is, different treatment methods can be used:

Stage \ Description \ Ocular features Treatment
PRP | Anti-VEGF | AGM | GFS
I Preglaucoma NVI + + - -
IT Open angle | Elevated IOP, NVA | + + + +/-
IIT | Closed angle | Elevated IOP, NVA | + + + +

Table 1.1: Therapeutic Strategies in various stages of neovascular glaucomal7]
AGM=Anti-glaucoma medication, GFS=Glaucoma filtration surgery,
[OP=Intraocular pressure, NVA=New vessels in angle, NVG=Neovascular glau-
coma, VEGF=Vascular endothelial growth factor

1.3.4.1 PRP

PRP is a widely used treatment of NVG. Once retinal ischemia is present, PRP should

be considered as a therapeutic option. It is not relevant whether only rubeosis iridis is



1.3. Neovascular Glaucoma (NVG) 19

present or an advanced form of NVG with peripheral anterior synechiae. It is impor-
tant that therapy is initiated without much delay. Tthe non-perfused retinal area is
treated with laserphotocoagulation in one or multiple sessions. By destroying ischemic
extramacular retina, the production and thus the amount of VEGF in the eye are also
reduced, leading to a decrease in NV. The treated tissue scars over time and deposits

pigment more strongly, leaving visible laser scars at the level of the retinal pigment

layer (RPE).

PRP is generally performed at a laser-equipped slit lamp or an automated navigated
peripheral laser is used. If the view of the fundus is limited, anterior retinal cryotherapy
(ARC) and/or with anti-VEGF may be a better option. In severe cases, anti-VEGF
therapy can be combined with PRP, and endocyclophotocoagulation.[11]

Studies have shown that PRP reduces the risk of severe vision loss by over 50%. The
greatest benefit is obtained by individuals with high-risk proliferative diabetic retinopa-
thy.

However, PRP should be performed with caution. In addition to ischemic tissue,
healthy areas can also be destroyed. PRP should also not be used as a monotherapy,
as this can contribute to a further increase in IOP and thus promote neovascularization
of the optic nerve head.[7][12]

1.3.4.2 Anti-VEGF Therapy

In 2004, pegaptanib became the first anti-VEGF agent approved for intravitreal in-
jection to treat neovascular age-related macular degeneration. Since then, several
other agents have entered the market, including bevacizumab (Avastin), ranibizumab
(Lucentis), aflibercept (Eylea), brolucizumab (Beovu) and more recently, Faricimab
(Vabysmo).

Bevacizumab is a human recombinant monoclonal IgG antibody that inhibits all forms
of VEGF. A retrospective study in 2017 investigated 26 eyes of 26 NVG patients
who received bevacizumab therapy as part of their treatment. The medication was
administered intracamerally before PRP was performed. Subsequently, during the
follow-up, bevacizumab was repeatedly administered when the IOP exceeded 21 mmHg
or a prominent recurrence of NVA/NVI was detected. The study showed that the IOP
was significantly reduced in 22 eyes of the participants (baseline: 39.79 + 5.33 mmHg; 1
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week after: 16.5 = 3.4 mmHg). However, in 4 other eyes, the reduction was insufficient,
and surgical measures to reduce IOP were required within a week. Twelve months after
the first injection, the IOP in 19 additional eyes was not adequately reduced with VEGF
therapy and also required surgery.|[13]

Ranibizumab is a recombinant, humanized, antigen-binding fragment of a monoclonal
antibody that binds to all isoforms of VEGF and neutralizes them. In a study published
in 2022, the impact of a single preoperative dose of ranibizumab was examined in 13
eyes of 11 NVG patients. The combination of Glaucoma filtration surgery (GFS) with
intravitreal administration of the drug one week before the surgery significantly reduced
IOP (preoperative IOP was 48.5 + 11.76 mmHg; postoperative IOP 1 week after was
20.88 £ 4.91 mmHg; 1 month after was 19.71 + 2.69 mmHg).[14] In a prospective,
single-center, 12-month interventional case series study from 2013, 20 patients with
rubeosis and NVG were injected with ranibizumab intravitreally at the beginning and
monthly if necessary. The authors concluded that adjuvant therapy with ranibizumab

provides an advantage in the treatment of NVG.[15]

Brolucizumab is a fragment of a humanized monoclonal single-chain Fv antibody.
Brolucizumab has been shown to have a higher affinity for VEGF-A isoform than
bevacizumab. Due to its smaller molecular size, it can penetrate the retina faster. In
2019, brolucizumab was approved by the Food and Drug Administration (FDA) for the
treatment of neovascular (wet) age-related macular degeneration (AMD) and diabetic

macular edema (DME). A year later, it also received approval in Europe.[7][16][6]

Aflibercept is a soluble decoy receptor consisting of the core domains of human IgG1
with an estimated 100-fold higher affinity for VEGF-A than ranibizumab. Decoy recep-
tor means that VEGF binds to aflibercept instead of its actual receptors, rendering it
ineffective. A randomized, sham-controlled, double-masked, phase 3 study conducted
in Japan in 2020 analyzed intravitreal aflibercept monotherapy in individuals with
NVG. The study included 54 patients with anterior segment neovascularization and
an [OP of over 25 mmHg. In the group receiving the actual medication, the IOP de-
creased on average by 9.9 mmHg, while the IOP in the control group decreased by 5
mmHg. Additionally, the treatment group showed an improvement in the degree of
NVI. Aflibercept was approved by the FDA in 2011 for the treatment of neovascular
(wet) AMD, in 2014 for the treatment of AMD, and in 2015 for the treatment of dia-
betic retinopathy in patients with DME. In 2015, Aflibercept was also approved by the
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European Commission for the treatment of macular edema secondary to retinal vein
occlusion, both central and branch.[17][9][? ]

1.3.4.3 Anti-Glaucoma Medication

IOP lowering medication can be topical and systemic. The most prevalent groups of

active substances are the following:

Alpha-agonists (apraclonidine, brimonidine)

Beta-blockers (timolol, betaxolol, carteolol, levobunolol,etc.)
Carbonic anhydrase inhibitors (brinzolamide, dorzolamide)
Miotics (pilocarpine,etc.)

Prostaglandins (latanoprost, bimatoprost, travoprost, etc.)

Rho-Kinase-Inhibitores (Risasudil k-115, Netarsudil AR-13503)

Prostaglandin analogs need to be administered once daily and mainly have local side
effects such as hyperemia, lengthening of lashes, darkening of iris color, and periocular
skin pigmentation. These are reversible and generally disappear after discontinuation
of the medication. Miotics, which can worsen inflammation and promote synechial

closure of the chamber angle are less effective.[7][16][18]

Another, generally well-tolerated group of drugs are beta-blockers. However, a signifi-
cant portion of the medication is absorbed through passage through the nasolacrimal
duct, posing a risk for systemic side effects. These include breathlessness, reduced
exercise tolerance, and fall risk. These side effects particularly affect older patients.
For individuals with respiratory or certain heart conditions, beta-blockers are therefore

contraindicated as a topical therapy.|[7][16][18]

Topical alpha-agonists and carbonic anhydrase inhibitors can also be used to lower
intraocular pressure, but they are significantly less effective as they rarely reduce IOP

by more than 3 mmHg.

In addition to topical carbonic anhydrase inhibitors, acute glaucoma patients can also
be treated with systemic carbonic anhydrase inhibitors such as acetazolamide. How-
ever, in addition to the greater reduction in IOP, they also pose more side effects
such as an increase in potassium levels. Regular blood work is therefore necessary.
[19][20][7][16][18]
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1.3.4.4 Surgical Treatment

1.3.4.5 Glaucoma filtration surgery (GFS)

GFS is indicated when all other treatment options have been exhausted and the IOP
could not be controlled. Other indications for surgery are a closed chamber angle due

to synechiae. This applies to approximately half of all eyes with NVG.

Trabeculectomy remains the gold standard for surgical treatment options with the
greatest IOP-lowering effect. During the procedure, a fistula is created to connect the
anterior chamber of the eye with the subconjunctival space (creating a so-called “bleb*),
providing an alternative outflow for the aqueous humor into the subconjunctival space.
While the procedure should ensure long-term and adequate drainage of the aqueous
humor, it also bears the possibility of severe complications, such as hypotony, bleeding,

scarring, inflammation, and bleb failure.[21]

A significant improvement is seen with the additional use of antimetabolites and an-
tifibrotics such as mitomycin C (MMC) and 5-fluorouracil (5-FU). MMC is often used
after performing a trabeculectomy. By inhibiting conjunctival and episcleral fibroblast
proliferation, it prevents excessive scarring. Studies have shown that the success rate of
trabeculectomy in combination with MMC in eyes with NVG triggered by proliferative
diabetic retinopathy (DR) ranges from 62.6% to 81.2%. However, the rate of adequate
outflow decreases to 51.3% after 5 years.[22][23]

It is worth noting that preoperative intravitreal administration of bevacizumab reduces
the risk of postoperative hyphema in trabeculectomy with MMC and improves the

surgical outcome.

Antimetabolites can also lead to complications such as postoperative hypotony, corneal
toxicity, and a thinning of the wall of the filtration bleb, which creates an overdrainage
of the aqueous humor and thus an increased risk of inflammation. For this reason,
possible alternatives for antimetabolites and their method of inhibiting the wound
healing process have been investigated in recent years. Among others, anti-VEGF
agents have shown promise. VEGF is produced by endothelial cells, macrophages,
fibroblasts, platelets, neutrophils, and smooth muscle cells, all of which are involved
in wound healing. In addition to angiogenesis, VEGF also stimulates epithelialization
and collagen deposition. Studies have also shown that patients with failed trabeculec-

tomy have significantly higher VEGF concentrations in the aqueous humor and ocular
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tissue compared to patients with adequate filtration. This phenomenon persists for

approximately one year postoperatively.|[6][7][24]

1.3.4.6 Glaucoma drainage devices and minimally invasive Glaucoma

surgery

In the event of a failed trabeculectomy or the inability to obtain a positive postoperative
outcome due to conjunctival scarring, the insertion of a glaucoma drainage device
(GDD) is necessary. It is also often used as a primary procedure because it allows an
adequate reduction in pressure, without the risks of a trabeculectomy.[25] A distinction

is made between two main types:

1)  valved or flow-restrictive implants (Ahmed glaucoma valve (AGV))
2)  valveless implants (i.e. Baerveldt, Molteno, XEN, PreserFlo and Aurolab aqueous
drainage implant (AADI))

In patients with NVG, valved implants are often preferred as they can adequately lower
IOP in a short period of time and have a lower risk of developing ocular hypotony and
iris damage. The success of valved GDD in NVG is influenced by certain factors. Age
plays an important role, as younger patients have stronger wound healing and fibrous
encapsulation development. Studies have shown that the preoperative use of beva-
cizumab does not lead to a significant difference in IOP reduction compared to the sole
implantation of GDD. However, preoperative adjuvant administration of bevacizumab

can improve the success rate of GDD implantation.[26][27]

Currently, the availability of scientific data comparing various surgical methods for
the treatment of NVG is limited. The decision for surgery is primarily based on the
patient’s condition and the expertise of the surgeon. According to the literature, the
difference in IOP reduction between glaucoma trabeculectomy and GDD implantation

is comparable. [6][7]

1.3.4.7 Transscleral Cyclophotocoagulation (TSCPC)

Transscleral Cyclophotocoagulation (TSCPC) is a cyclodestructive procedure used for
more refractory NVG once other surgical treatment options and medications have been
exhausted without achieving an adequate reduction in IOP. The principle of TSCPC is
to destroy the secretory epithelium of the ciliary epithelium, thereby reducing the pro-
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duction of aqueous humor. The most commonly used types are transscleral micropulse
CPC (MP-TSCPC) and endoscopic CPC (EPC). Both work by applying a diode laser
with a wavelength of 810nm. The advantage of EPC is that, in addition to the laser
system, a video camera and an illumination probe are used. This allows for better
visualization of the ciliary body’s response to the treatment and spares surrounding
tissue. In MP-TSCPC, the laser is delivered in repetitive pulses, limiting the rate of
temperature increase in the tissue and preventing coagulation necrosis and damage to
adjacent tissue. Since MP-TSCPC does not represent a classic cyclodestructive proce-

dure, it has been suggested to instead call it Micropulse Transscleral Laser Treatment

(MP-TLT).[7][6][28]

1.4 Diabetic Retinopathy (DR)

1.4.1 Epidemiology

Diabetic retinopathy (DR) is the leading cause of blindness among working-age adults
worldwide. The global burden of this disease is significant: Currently, there are 387
million people with diabetes mellitus (DM) worldwide, and this number is expected
to rise to 592 million by 2035. Of these, 93 million suffer from diabetic retinopathy,
meaning that approximately one in three individuals with diabetes mellitus is affected

by this complication.

Approximately 30-40% of all diabetics suffer from diabetic retinopathy (DR). This
accounts for around 100 million people worldwide, of whom approximately one-third
have visual impairments and 7.6% have macular edema. Thus, DR is also one of the
leading causes of visual impairment and blindness among working-age adults. Due to
the continuous improvement in the early detection and treatment of DR and diabetes
in general over the past few decades, the numbers of those affected are declining. This
is in part due to better control of systemic risk factors and, on the other hand, due to

specific ocular assessment, screening, imaging, and treatment.[29]

Within this group, 17 million people suffer from proliferative diabetic retinopathy
(PDR), while 21 million have diabetic macular edema. Alarmingly, 28 million peo-
ple have vision-threatening diabetic retinopathy. The prevalence of DR is widespread

worldwide, showing only slight ethnic differences. The global prevalence of DR among
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patients with type 1 diabetes is 77.3%, while among those with type 2 diabetes, it is
25.1%. Experts believe that changes in diet and lifestyle significantly contribute to the
increasing prevalence. Additionally, earlier diagnosis of DR due to improved healthcare

systems contributes to the rising prevalence figures.[30]

In Europe, approximately 3% to 4.1% of the population is affected by diabetic retinopa-
thy. Among those over 60 years of age, prevalence is highest in France, followed by
Germany. The prevalence of diabetic retinopathy among patients with type 2 diabetes
varies significantly across European countries: In the United Kingdom, it is 30.3%, in
Spain 26.1%, in Ttaly 22.2%, in Germany 21.7%, and in Portugal 16.3%.[31-36]

Regarding the different forms of diabetic retinopathy, country-specific differences are
also evident. In the United Kingdom, the prevalence of nonproliferative diabetic
retinopathy (NPDR) is 48%, while in Spain, it is 38,9% and in Germany 10%. The
prevalence of proliferative diabetic retinopathy (PDR) is highest in the United King-
dom at 2.9%, while in Spain it is 0.56% and in Germany 0.5%. These data highlight
the significant health burden that diabetic retinopathy presents both globally and in

Europe, emphasizing the need for effective prevention and treatment strategies. [31-34]

1.4.2 Pathophysiology

DR is primarily driven by chronic hyperglycemia, which activates metabolic pathways
such as the polyol pathway, advanced glycation end products (AGEs), protein kinase

C (PKC), and hexosamine pathways, leading to retinal vascular damage.[37]

Initially, hyperglycemia causes retinal vessel dilation and altered blood flow, likely as
a metabolic adaptation. However, sustained high glucose levels lead to pericyte loss,
weakening capillary walls and resulting in microaneurysms, which are early clinical
signs of DR.[38] Endothelial cell loss and basement membrane thickening further im-
pair the blood-retina barrier (BRB), contributing to vascular dysfunction. Over time,
capillary occlusion and ischemia trigger hypoxia-inducible factor 1 (HIF-1), leading
to increased VEGF expression. VEGF disrupts vascular integrity by affecting tight
junction proteins and promoting endothelial cell proliferation, exacerbating Prolifer-
ative Diabetic Retinopathy (PDR) and DME.[39] Other angiogenic factors, such as
angiopoietins (Ang-1, Ang-2), also influence vascular permeability and may offer alter-

native therapeutic targets.[40]
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Chronic inflammation is another key driver of DR. Leukostasis, characterized by exces-
sive leukocyte adhesion to retinal vessels, damages endothelial cells and weakens the
BRB. Increased expression of adhesion molecules (ICAM-1, VCAM-1, and selectins)
and inflammatory cytokines (TNF-, IL-6, IL-8, IL-1) has been observed, correlating
with disease severity.[41] Chemokines such as MCP-1 contribute to immune cell recruit-
ment, further exacerbating vascular damage. Retinal glial cells, including microglia
and Miiller cells, amplify inflammation by releasing pro-inflammatory cytokines and
VEGF.[42]

Neurodegeneration is now recognized as an early and independent process in DR. Reti-
nal neuron apoptosis occurs soon after diabetes onset, associated with mitochondrial
dysfunction, oxidative stress, and increased reactive oxygen species (ROS) produc-
tion. Suppression of ROS has been shown to prevent neuronal apoptosis and visual
impairment.[43] Notably, neuronal loss and retinal thinning have been detected in di-
abetic patients before significant microvascular alterations, highlighting the need for

neuroprotective strategies in early DR management.[44, 45]

1.4.3 Diagnosis

For the diagnosis and assessment of the severity of DR, funduscopy is well suited
and cost-effective. DR is generally classified into proliferative and non-proliferative.
Non-proliferative DR is further divided into three severity grades: Mild: Only a few
microaneurysms are present. Moderate: Characterized by an increased number of mi-
croaneurysms and dot-blot hemorrhages. Dot-blot hemorrhages are bleedings into the
inner and outer plexiform layers of the retina. Additionally, hard exudates and so-called
cotton-wool spots can be observed. Cotton-wool spots are white-yellowish, cotton-like
lesions caused by axonal swelling in the stratum neurofibrarum. Severe: ”4-2-1-rule*:
More than 20 intraretinal hemorrhages in 4 quadrants or venous beading in 2 or more

quadrants or at least one quadrant with intraretinal microvascular abnormalities.

Although therapeutic intervention is generally not undertaken at this stage, emerging
evidence indicates that anti-VEGF injections may reduce the severity of retinopathy

and lower the risk of subsequent visual complications.

DR is considered proliferative once at least one of the following changes exists: Neovas-

cularization involving 1/4 to 1/3 of the optic disc Any neovascularization of the optic
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disc associated with vitreous or preretinal bleeding Any neovascularization elsewhere

associated with vitreous or preretinal bleeding

In any form and severity of DR, macular edema can also develop. This is characterized
by thickening of the macula. To determine the presence and location of the underlying
fluid accumulation in or under the retina, as well as the actual thickness measurement,

optical coherence tomography (OCT) is used.[46][29]

1.5 Central Retinal Vein Occlusion (CRVO)

1.5.1 Epidemiology

Retinal Vein Occlusion (RVO) is the second most common cause of retinal vascular
blindness after DR. It is classified into Branch Retinal Vein Occlusion (BRVO), CRVO,
and hemiretinal vein occlusion (HRVO). Among these, BRVO is the most common
RVO, with a worldwide prevalence of 0.4%, followed by CRVO at 0.08%. The greatest
risk factor for developing RVO is a history of RVO in the contralateral eye. Individuals
who have already experienced BRVO in one eye have a 10% risk of developing any
type of RVO in the second eye within 3 years. The same risk for CRVO in one eye is
estimated to be 1% per year, increasing to 7% after 5 years.[47]

1.5.2 Pathophysiology

The pathophysiology of CRVO is not yet fully understood. Initially, it was assumed
that CRVO is caused by the formation of a thrombus. Thrombi are formed due to
imbalances in Virchow’s triad, which describes changes in the vessel wall, alterations
in blood flow, and changes in blood composition. The fact that comorbidities that
promote thrombus formation have also been observed in patients with CRVO supports
this hypothesis. These comorbidities include systemic diseases such as hypertension,
diabetes, obesity, and atherosclerosis, which modify blood pressure and hemodynamics
in the central retinal vein through the activation of endothelial cells, thereby inducing
a prothrombotic state. Thrombus formation is regulated by a complex interaction
between endothelial cells, exposed subendothelial matrix, platelets, and fibrin. Once a

blood clot has formed, the anticoagulation system is activated and stops further clot
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formation. Any imbalance between the procoagulation and anticoagulation systems
increases the risk of thrombus formation. However, postmortem studies have shown
inconsistent occurrence of thrombi in the central retinal vein in patients with CRVO.
Additionally, fluorescein angiography in CRVO patients does not show complete venous

occlusion but rather a reduced flow rate.[48]

1.5.3 Diagnosis

In clinical diagnostics, a distinction is made between non-ischemic and ischemic, or
perfused and non-perfused CRVO. Non-ischemic CRVO is by far the more common
variant, accounting for approximately 75% of cases. Patients with non-ischemic CRVO
typically present with sudden unilateral visual impairment, with visual acuity usually
at 0.1 decimal or better. Additionally, some patients may exhibit a mild relative af-
ferent pupillary defect (RAPD). Fundoscopy reveals tortuous and dilated branches of
the central retinal vein, dot-blot and flame-shaped hemorrhages in all quadrants of the
fundus, especially in the periphery, and edema of the optic disc and macula. Cotton-
wool patches may also be present. Transient peeling of the retinal vascular wall may
also occur in some cases. The acute signs typically resolve within 6-12 months, but
in 15% of cases, non-ischemic CRVO progresses to ischemic CRVO within 4 months,
and in 34% within 3 years. Ischemic CRVO involves rapid venous obstruction leading
to retinal hypoperfusion, capillary closure, and retinal hypoxia. These patients typi-
cally experience severe visual loss, with residual visual acuity usually below 0.1, and
may also exhibit an afferent pupillary defect. Fundoscopy in ischemic CRVO reveals
twisting and engorgement of all branches of the central retinal vein, deep blot and
flame-shaped hemorrhages in the peripheral retina and posterior pole, as well as severe
edema and hyperemia of the optic disc. This can lead to NVG. In non-ischemic CRVO,
fluorescein angiography (FA) reveals a significant delay in arteriovenous transit time,
lasting longer than 20 seconds, which may be obscured by retinal hemorrhages and
vessel wall staining. Late staining along the major retinal veins is a distinctive feature
seen in moderate to severe cases of CRVO. In the ischemic form, there are extensive
regions of capillary non-perfusion. The presence of more than 10 disc areas of retinal
capillary non-perfusion is linked to an increased risk of neovascularization. Due to its
rapid development within a few months, this form is also known as 100-day glaucoma.
[49][48][50]
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1.6 Ocular Ischemic Syndrome (OIS)

1.6.1 Epidemiology

occular ischemic syndrom (OIS) mainly affects older individuals, with an average age
of 65. Men are affected about twice as often as women, which could be due to the
higher prevalence of cardiovascular disease in men. Both eyes are affected in 20% of

patients. The exact incidence of OIS is not entirely clear.[51]

1.6.2 Pathophysiology

OIS is caused by reduced blood flow to the vessels supplying the eyes. Patients usually
have at least 90% stenosis of the internal or common carotid artery on the affected
side. In 50% of cases, the occlusion is complete. OIS is rarely caused by occlusion of
the ophthalmic artery.[52] Impaired blood flow in the carotid artery leads to reduced
flow in the ophthalmic artery or even to retrograde flow. The blood is often shunted
into the less resistant intracranial circulation instead of the eye, which is known as
the steal phenomenon. The main cause of circulatory disturbance in the carotid ar-
teries is atherosclerosis. Other causes are dissecting aneurysm of the carotid artery,
giant cell arteritis, fibrovascular dysplasia, Takayasu arteritis, aortic arch syndrome,
Behget’s disease, trauma or inflammation causing stenosis of the carotid arteries among
others.[51]

1.6.3 Diagnosis

One of the symptoms of OIS is vision loss in the affected eye, which affects over 90%
of patients. This is triggered by acute or chronic retinal ischemia or damage to the
optic nerve due to secondary glaucoma (NVG). In about two-thirds of cases, vision loss
occurs gradually over several weeks, while in 1/6 of cases, vision deteriorates within a
few days, and in 1/6 of cases, it deteriorates within minutes or seconds. Patients with
sudden central retinal artery occlusion (CRAQO) often exhibit a cherry-red spot on the

fundus, indicating embolization of the central retinal artery.[53]
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Approximately 10% of individuals with OIS experience transient vision loss (Amaurosis
fugax), which can be attributed to CRAO or, in some cases, vasospasms. It’s important

to note that the majority of transient vision losses are not caused by OIS.[52]

In patients with severe carotid artery stenosis, the recovery of vision after exposure to
bright light is delayed, likely due to macular ischemia.[51][54]

Around 40% of patients report pain in the affected eye or periorbital area. Typically,
the pain is caused by NVG, but there are also cases with normal IOP. In these cases,

the pain may be due to ocular hypoxia or dural hypoxia.[52]

Although neovascularization in the anterior eye segment is observed in 66% of cases,
only 50% of patients develop increased IOP and subsequent NVG. Some patients also
exhibit ocular hypotony due to ischemia of the ciliary body reducing aqueous humor
production.[53][52]

In individuals with unilateral OIS, the lens of the affected eye is usually more opaque.
Due to ischemia and atrophy of the pupillary sphincter muscle, the pupil is rigid and
semi-dilated. Additionally, the eye responds weakly to light stimuli (RAPD).[53]

However, pathological findings in the posterior eye segment are more common. Fun-
doscopy reveals narrowed arteries and dilated veins, with retinal hemorrhages present in
80% of cases, predominantly in the external retinal layer or mid-periphery. These hem-
orrhages are generally not numerous and do not confluence, likely resulting from blood
leakage and rupture of capillary microaneurysms, which are common in the macula
and mid-periphery in OIS. Another manifestation of OIS is the presence of cotton-
wool spots, which occur due to microinfarcts. These microinfarcts cause swelling in

the nerve fibers due to interrupted axoplasmic flow. [51][55]

1.6.4 Possible side difference

Studies have shown that the risk of a cerebrovascular event, such as rupture, intraplaque

hemorrhage, and stroke, is higher in the left carotid artery than in the right.[56-58]

Chaubey et al. demonstrated that cardiovascular risk factors, such as HbAlc, waist-
to-hip ratio, hypertension, LDL and smoking, affect intima-media thickness (IMT) and
plaque formation differently in different arterial regions. For example, a 1% increase

in HbAlc was on average associated with a 0.067 mm greater increase in IMT at



1.6. Ocular Ischemic Syndrome (OIS) 31

the bifurcation (p=0.004). In particular, IMT was greater at the bifurcation of the
common carotid artery (CCA) compared to the proximal segments, and a significant
side difference was observed with a thicker IMT on the left side. These results suggest
that anatomical and haemodynamic variations may contribute to asymmetric vascular

remodelling.[59]

Selwaness et al. analysed asymmetries in plaque composition in a cohort of 1414
individuals without stroke. Their study confirmed that plaques in the left carotid
artery were more likely to have intraplaque hemorrhage (IPH) (9.1% vs. 5.9%; P;0.001)
and fibrous tissue (45.0% vs. 38.5%; Pj0.001), while plaques in the right carotid artery
were more likely to be calcified (37.4% vs. 31.6%; Pj0.001). This difference may be
explained by anatomical and haemodynamic factors, such as the direct connection
of the left carotid artery to the aortic arch, which exposes it to different blood flow
dynamics. As unstable plaques are more prone to embolisation, their predominance in

the left carotid artery could have an impact on ocular vascular disease.[60]

Larson et al. investigated asymmetries in the prevalence of IPH in the carotid arteries
and their association with ischaemic strokes. Their retrospective study of 368 patients
with carotid stenosis showed that ischaemic strokes occurred more frequently on the
left than on the right side (55.5% versus 44.5%, p=0.03). The prevalence of diabetes
mellitus was higher in patients with left-sided strokes than in patients with right-sided
strokes (35.9% vs. 21.3%, p = 0.02). In addition, IPH was significantly more common
in left-sided plaques (64.1% vs. 36.2%, pj0.0001) and independently associated with
left-sided strokes. Interestingly, the extent of stenosis did not differ between the two
sides. These results suggest that left-sided plaques are more vulnerable despite similar

luminal narrowing and may increase the risk of ipsilateral ischaemic stroke.[61]

Anatomical differences in the course of the vessels and hemodynamic factors are sus-
pected to be the cause. This side difference could be reflected in the occurrence of OIS.
The aim of this study is to figure out whether there actually is a side difference in the

occurrence of NVG and if so, whether a cause can be identified.
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Methods and Data

2.1 Statistical Methods

This thesis is a retrospective study approved by the Ethics Committee of the Medical
University of Graz under the reference number 35-505 ex 22/23.

Retrospective data from the in-house database Eyemed and the current patient man-
agement program openMedocs were analyzed. The data included all patients who had
at least one outpatient visit with the diagnosis of Neovascular Glaucoma (NVG). The

main focus was on the affected eye side, categorized as right, left, or bilateral.

Using the statistical software SPSS 28, a possible relationship between the eye side and
the occurrence of NVG was examined using the Chi-Square test and a logistic regression
model. A significance level of @ = 0.05 was chosen. The alternative hypothesis states
that there is a relationship between NVG and the eye side, while the null hypothesis

expresses independence between these two features.

The initial analysis involved creating the frequency distribution of the different eye
sides. Subsequently, the available data of all patients was further examined, and addi-

tional patient characteristics were examined. These include:

32
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Demographic and baseline characteristics:

— Date of initial diagnosis

— Age at diagnosis

— Spherical equivalent (in diopters)
Ophthalmological status at baseline:

— Best Corrected Visual Acuity (BCVA)

— Intraocular pressure at the time of diagnosis

— Lens status (presence of a natural or artificial lens)

— Presence of an ACI stenosis on the same side

Previous ocular surgeries:
— Retinal laser coagulation
— Trabeculectomy
— Laser iridotomy
— Vitrectomy
Glaucoma management prior to diagnosis:
— Number of locally acting glaucoma medications administered prior to diagnosis
Pre-existing conditions relevant to neovascular glaucoma:
— Diabetes mellitus
— Central Retinal Vein Occlusion (CRVO)
— Ocular Ischemic Syndrome (OIS)

— Other documented causes
2.2 Study Population

The study included all patients who presented as outpatients at the Department of
Ophthalmology of the Medical University of Graz between December 1996 and April
2024. The relevant patients were those initially diagnosed with NVG in at least one

visit.

2.3 Data Collection

The data of the study participants were collected from the electronic communication
and hospital information network openMEDOCS of the University Hospital of Graz
and the internal database Eyemed of the Department of Ophthalmology of the Medical
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University of Graz using a restricted access desktop PC. Data processing was indirect

and strictly pseudonymised. Only authorized personnel had access to the original data.

2.4 Literature Review

Sources from the medical online database PubMed and articles from the National
Library of Medicine’s (MEDLINE) were used for the literature review.

2.5 Analysis

The data were summarized in tables and imported into SPSS 28. An initial Chi-Square
test was conducted to identify any potential side differences in the occurrence of NVG.
The null hypothesis HO states that there is no difference in the frequency of NVG
between right and left eyes. The significance level was defined as a = 0.05. Hypothesis
H1 states that there is a statistically significant difference in the frequency of NVG
between the left and right eye. In addition, the odds ratio was calculated to quantify
the possible side difference. A binary logistic regression analysis was conducted to

investigate risk factors for the occurrence of NVG on a specific side.
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Results and evaluation

3.1 Results

Variable Diabetes CRVO OIS all

Age (yr) 68.5 + 13.2 77.8 £ 10.6 74.1 £ 10.5 72.7 £ 13.6
Female sex 126 (44.4%) 118 (50.6%) 48 (42.1%) 285 (47.6%)
Phakia 179 (54.9%) 172 (72.6%) 76 (64.4%) 402 (62%)
Ocular Surgery 220 (67.5%) 124 (52.3%) 56 (47.5%) 391 (60.3%)

Values are presented as mean + SD for age, as number of patients (%) for sex (n = 599), and as

number of eyes (%) for phakia and ocular surgery (n = 648)

Table 3.1: Baseline Characteristics

During the observation period, a total of 569,537 eyes were examined at the outpatient

department of the Department of Ophthalmology of the Medical University of Graz.
Among these, 648 cases (0.114%) were diagnosed with NVG. The affected eyes were
distributed as follows: 366 (56.5%) left eyes and 282 (43.5%) right eyes.

The baseline characteristics of the patients with NVG, including age, sex, phakia status,

and history of ocular surgery, are summarized in Table 3.1.

35
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3.1.1 Evaluation of the Main Variable

A chi-square test was performed to assess whether NVG occurs more frequently in the
left or right eye. The analysis yielded a chi-square value of 10.8827 (p = 0.00097),
indicating a statistically significant difference in NVG laterality. To further quantify
this difference, an odds ratio (OR) was calculated. The OR for NVG occurring in the
left eye compared to the right eye was 1.30 (95% CI: 1.11-1.52), indicating that the
odds of NVG were approximately 30% higher in the left eye than in the right eye.

Totals NVG, N(%) no NVG, N(%) OR (95% CI) p-value

Left 284800 366 (0.129) 284434 (99.871) 1.298 (1.1112, 1.5162)  .000971

Right 284737 282 (0.099) 284455 (99.901) Reference

Table 3.2: Number of cases, Odds-Ratio (OR), Confidence Interval (CI) and p-value
(based on Chi-square test)

To quantify the difference between the two sides, an OR was calculated. In prospective
studies, relative risk is typically preferred to compare disease incidence. However,
in retrospective study designs like this one, the OR is more commonly used. The
calculated OR was 1.298, meaning that the odds of NVG occurring in the left eye
were approximately 30% higher than in the right eye. Since NVG is a relatively rare
condition, the OR in this context closely approximates the relative risk. It is important

to note, however, that the OR compares the odds of NVG occurrence between sides:

LeftSide/RightSide = Odds — Ratio — 0,0013/0,0010 = 1,298
95% confidence interval =
exp (In(OR) — 1.96 x SE[In(OR)]) to exp (In(OR) + 1.96 x SE[In(OR)])
=1.1112 to 1.5162

It can be concluded that in the observed time period of 27 years, the chance of NVG on
the left eye was 1.298 times higher than on the right eye in the investigated population.
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3.1.2 Evaluation of Secondary Variables

To examine associations between underlying diseases and NVG laterality, a binary
logistic regression analysis was conducted. The dependent variable was the affected
eye site (left vs. right), and independent variables included underlying conditions such
as diabetes, CRVO, and OIS.Diabetes was found to be significantly associated with
NVG laterality (OR = 1.458, 95% CI: 1.026-2.073, p = 0.035), whereas CRVO and

OIS did not demonstrate statistically significant associations.

Underlying Absolute Frequencies Left Odds Ratio p-value
Disease (Left /Right / Totals) (95% CI)

Diabetes 199 (61%) / 127 (39%) / 326 1.458 (1.026, 2.073) 0.035
CRVO 132 (55.7%) / 105 (44.3%) / 237 1.034 (0.709, 1.510) 0.861
OIS 61 (51.7%) / 57 (48.3%) / 118 0.765 (0.498, 1.174) 0.220

Table 3.3: Combined Frequencies, Totals, and Odds Ratios for underlying Diseases

Further subgroup analysis (Table 3.4) indicated that the combination of diabetes with
CRVO and/or OIS resulted in an increased prevalence of NVG in the left eye, reaching

up to 83.3% in cases where all three conditions were present.

Combination of disease Right Eye Left Eye Totals
Diabetes & CRVO 14 (28%) 36 (72%) 50
Diabetes & OIS 21 (42%) 29 (58%) 56
Diabetes & CRVO & OIS 1 (16.7%) 5 (83.3%) 6
CRVO & OIS 4 (30.8%) 9 (69.2%) 13

Table 3.4: Side distribution of patients with Diabetes and CRVO and/or OIS

This analysis demonstrated a statistically significant laterality in NVG occurrence, with
a higher prevalence in the left eye. The findings suggest a potential association between
diabetes and increased NVG risk in the left eye. Although CRVO and OIS individu-
ally did not reach statistical significance, their combination with diabetes appeared to
further increase left-sided NVG prevalence. Further studies are needed to investigate

potential vascular and hemodynamic mechanisms contributing to this asymmetry.
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Discussion

This analysis revealed a side difference in the occurrence of neovascular glaucoma. NVG
appeared more frequently on the left eye among outpatients at the Department of Oph-
thalmology of the Medical University of Graz over a duration of 28 years. Contrary to
our assumption, subgroup analysis revealed no influence of OIS on the side distribution
of NVG. However, the results of this study showed a correlation between diabetes and
the development of NVG in left eyes. Similar asymmetries have been reported in the
context of diabetic retinopathy. Valone et al. observed an asymmetrical occurrence of
the DR. A combination of PDR in one eye and non-proliferative diabetic retinopathy
in the fellow eye was seen in 10.1% of the patients. However, no remarkable differences
were found regarding the incidence of glaucoma.[62] Duker et al. evaluated 387 consec-
utive patients with PDR for asymmetry in posterior segment neovascularization and its
relationship to carotid artery disease. Over the 2-year period, 20 (5.2%) of the patients
manifested asymmetric PDR which was defined as the presence of PDR with high-risk
characteristics in one eye, in the absence of proliferative or preproliferative changes in
the fellow eye. 14 of them were left-sided and six were right-sided. Only four of those 20
patients were found to have hemodynamically significant carotid artery stenoses, with
only two on the ipsilateral side of their PDR.[63] We also tried to evaluate the hemody-
namic status of the patients of our study, but the data was incomplete or inaccessible.
This observed laterality in the development of PDR raises the question of possible un-
derlying systemic factors. Larson et al. reported that patients with left-sided strokes
were more likely to have diabetes mellitus than those with right-sided strokes (35.9%
vs. 21.3%, p = 0.02).[61] While Duker et al. primarily investigated carotid artery

stenosis as a contributor to asymmetric PDR, the findings of Larson et al. suggest
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that broader systemic factors, such as diabetes, could influence vascular asymmetries.
Asymmetric diabetic retinopathy can have various reasons. These include inflamma-
tory and degenerative diseases, vascular factors and previous surgeries.[64] Although
we analyzed vascular causes like CRVO, OIS and carotid stenosis, we did not evaluate
any previous inflammatory or degenerative conditions the patients may have had. We
analyzed the number of previous surgical interventions on the respective eye but could
not find any correlation regarding the occurrence of NVG. Documentation of previous
ocular surgeries may have been incomplete for patients who had previous eye surgery
at another clinic. Zhao et al. analyzed microvascular asymmetries in Patients with DR
by optical coherence tomography. It included 258 patients who were divided into four
groups: no DM, DM without DR, Non-proliferative Diabetic Retinopathy (NPDR),
and PDR. The study showed a rising asymmetry with the severity of DR in terms of
superficial and deep vessel density, superficial and deep perfusion density, and foveal
avascular zone area, perimeter, and circularity. The side difference in the PDR group
was larger than in the other 3 groups. There was also a larger asymmetry in male pa-
tients than in females, as well as a positive correlation between asymmetry and levels of
Hemoglobin Alc. Even though none of the measured differences were statistically sig-
nificant, the authors emphasized that asymmetry should be considered in research and
clinical practice to improve the understanding of diabetic retinopathy to aid the devel-
opment of better treatment strategies.[65] Jung et al. examined 90 eyes (60 patients)
and found an effect of DR severity on asymmetric vessel length density and perfusion
density of eye quadrants in early treatment stages. The quadrant asymmetry increased
linearly with each worsening level of DR.[66]. The authors did not compare the dif-
ferences between both eyes of the included patients. Given the fact that there can be
different degrees of severity in the quadrants of an eye, it is reasonable to assume that
there are also different degrees of DR in the two eyes of a patient. Another reason for
different degrees of DR in the two eyes of patients was investigated by Kim et al. 34
of 6,963 Patients with Diabetes and a difference in axial length of at least 1 mm in
each eye were examined. It was found that the progression of DR in the longer eye
showed a lower rate than the one in the shorter eye.[67] There are several studies which
conclude that myopia and longer axial lengths have a lower risk of DR.[68][69][70] This
could mean that patients with ametropia tend to develop different degrees of DR in
both eyes. The frequency of anisometropia varies between 20% for a difference of 0.5
diopters and 2-3% for 3 or more diopters.[71]. However, we could not find any studies

in which an asymmetry in the lateral distribution of the difference in visual acuity was
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investigated. In eyes affected by NVG, reliable refraction is often not possible because
of significant retinal damage and reduced visual acuity. The majority of our patients

did not have axial length measured.

This study adds to the existing evidence that diabetes can cause unequal damage to
both eyes and indicates that this circumstance may also manifest as a side difference

in the occurrence of neovascular glaucoma.

4.1 Limitations

Considering that 569,550 eyes were examined at the Department of Ophthalmology
during the observation period and the incidence of NVG was exceptionally low, the
study may be overpowered. This could mean that even minor differences are statisti-

cally significant by chance.

The study has some limitations that can influence the interpretation of the results.
Firstly, not all medical histories were taken in equal detail, which leads to fluctuations
in data quality. In addition, some patients only attended the clinic once, for example,
because they were only in Graz temporarily; this limits the possibility of recording
follow-up data. In some cases, further examinations were performed externally or
not at all, and associated findings were sometimes not documented, resulting in gaps
in diagnostic data. The documentation of the examinations was also occasionally
inadequate. In addition, the examination standard has changed in the last 28 years,

potentially impairing the comparability of the data.

4.2 Prospect

More studies with regular checks are necessary that include standard examinations
such as tonometry and funduscopy, as well as more advanced examinations such as the
vascular status of the eyes and carotids and ocular biometry. It is important to observe
and precisely document all causes of neovascularization to obtain a true picture of how
a side effect of diabetes and further NVG can occur. The better we understand the
pathomechanisms behind the various pathologies that lead to neovascularization, the

better we can take therapeutic action to prevent the development and consequences of
NVG.
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