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Abstract 

Ischaemic retinal vein occlusion (RVO) is a potentially blinding condition that is not 

fully understood, and entails a higher risk of developing complications and poorer 

prognosis than non-ischaemic RVO. This PhD project was designed to improve the 

level of understanding on ischaemic RVO as well as to further the knowledge on this 

disease.  For this purpose, this PhD thesis comprises of three main components: 

systematic reviews (chapters II and III), a retrospective observational clinical study 

(chapter IV), and a cross-sectional/ prospective pilot observational clinical study 

(chapter V).  

The systematic reviews aim at compiling current knowledge on ischaemic RVO 

and identifying gaps on the understanding of this retinal disease based on published 

literature (Chapter II) and on experimental animal models of RVO (Chapter III). The 

retrospective observational clinical study compares baseline characteristics as well as 

outcomes following treatment between patients with ischaemic and those with non-

ischaemic RVO. Finally, the pilot cross-sectional observational clinical study 

evaluates anatomical and functional correlates, point to point, at areas of retinal 

ischaemia along with other structural lesions in patients with newly diagnosed RVO. 

Ischaemia secondary to RVO is strongly associated with development of 

neovascular complications and poor visual prognosis. Prognostic parameters to 

differentiate patients who would develop extensive areas of ischaemia from those who 

would not is still to be explored.  Available current treatments target the 

complications of RVO and are being used clinically for both ischaemic and non-

ischaemic RVO, although data from randomised clinical trials (RCTs) refers only to 

the latter group of patients. In fact, intravitreal anti-VEGF, in particular, proved to be 

as beneficial in ischaemic forms of RVO as in non-ischaemic forms. However, due to 
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the low baseline vision classically found in the ischaemic form, final vision remains 

lower than in non-iRVO despite significant improvement of vision achieved following 

treatment in most patients, suggesting damage of the retina that cannot be restored 

with current treatment. This information is useful for the counselling of patients with 

ischaemic RVO prior to initiating anti-VEGF therapy.  Reperfusion of ischaemic 

retina was observed in very few cases following anti-VEGF therapy. Factors 

determining reperfusion are still unknown and need to be investigated. Restoration of 

function, however, could not be seen in reperfused retina within six months of follow-

up. A new treatment to reperfuse ischaemic retina before loss of retinal function occur 

is urgently needed as damage of retinal cells as a result of ischaemia in RVO may be 

irreversible, and this needs to be further investigated and better understood. 

Experimental animal models, although imperfect, are available and can be utilised to 

facilitate the understanding of this potentially blinding condition. 
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1.1   Overview  

1.1.1    Background 

Retinal vein occlusion (RVO) is a common vascular retinal disorder, surpassed in 

frequency only by diabetic retinopathy, and can be associated with devastating 

complications and various degrees of visual loss. (1-4) RVO is a blockage of the retinal 

venous blood vessels, commonly by way of thrombus formation.(5) This blockage, in 

turn, leads to disturbance and restriction of the blood supply to the retinal tissue, 

thereby causing a shortage of oxygen and nutrients required for the retina to be alive 

and functional. As a result, areas of retinal ischaemia (where blood capillaries are 

lost) often develop. In cases with extensive areas of ischaemia, referred to as 

‘ischaemic RVO’, severe visual loss can occur due to inadequate oxygen and 

nutrients. (6-9)  

1.1.2    Rational and aims of the project 

Ischaemic RVO (iRVO) is a potentially blinding condition that is not fully 

understood, and entails a higher risk of developing complications and poorer 

prognosis than non-ischaemic RVO (non-iRVO). This PhD project was designed to 

improve the level of understanding on ischaemic RVO as well as to further the 

knowledge on this disease.  For this purpose, this PhD thesis comprises of three main 

components: systematic reviews (chapters II and III), a retrospective observational 

clinical study (chapter IV), and a cross-sectional/ prospective pilot observational 

clinical study (chapter V).  

The systematic reviews aim at compiling current knowledge on ischaemic RVO 

and identifying gaps on the understanding of this retinal disease based on published 

literature (Chapter II) and on experimental animal models of RVO (Chapter III). The 

retrospective observational clinical study compares baseline characteristics as well as 
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outcomes following treatment between patients with ischaemic and those with non-

ischaemic RVO. Finally, the pilot cross-sectional observational clinical study 

evaluates anatomical and functional correlates, point to point, at areas of retinal 

ischaemia along with other structural lesions in patients with newly diagnosed RVO. 

1.1.3    Aim of Chapter I 

Understanding the anatomy and physiology of the human retina and its vasculature, 

and the diagnostic technologies available to examine the retina is essential to ensure a 

proper interpretation of diseases affecting it, including RVO. Therefore, this 

introductory chapter aims to describe the anatomy and physiology of the human eye, 

retina and its blood vessels, the tools and technologies being used to investigate 

retinal and retinal vascular diseases and pinpointing some basic concepts relevant to 

the topic, as well as a general background on RVO elucidating its classification, 

epidemiology and risk factors, aetiology, pathogenesis, clinical presentation, natural 

history, and management.  

 

1.2   Anatomy and physiology of the eye 

The eye is a special sense organ of vision. It is connected to the brain via the optic 

nerve to allow the perception of visual aspects of the external world, including light, 

contrast, colour differentiation, movement, and depth. This complex optical system 

collects the light from the surrounding environment, regulates its intensity, focuses it 

to form an image, and then converts this image into electrical signals that travel 

through the optic nerve as well as complex neural network to the visual cortex in the 

brain. (10)  

The eye consists of three coating layers which, from the external to the 

internal aspects of the eye, are a fibrous layer (cornea and sclera), a vascular 
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pigmented layer (uvea or uveal tract), and a nervous layer (retina). These three layers 

enclose two cavities separated by the lens. The anterior cavity (anterior segment) is 

anterior to the lens, and is filled with transparent aqueous humour fluid. It is further 

divided by the iris into anterior and posterior chambers. The posterior cavity 

(posterior segment) is posterior to the lens and is occupied by a jelly-like transparent 

structure known as the vitreous body. These transparent structures allow the incoming 

light to reach the retina. (11,12) This is discussed in more detail in the following 

paragraphs and illustrated in Figure 1. 

 

 

 

Figure 1 Anatomy of the eye 

Diagram of a side view of the eyeball showing the different anatomical components of the eye (created 

and produced by the author) 
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1.2.1   The coating layers of the eyeball 

1.2.1.1 The fibrous layer 

This fibrous layer is tough, providing shape and resistance. It is made up of an opaque 

part called the sclera, and a smaller transparent part anteriorly referred to as cornea. 

The sclera is white and covers the posterior five sixths of the eye ball. It provides 

attachment for both extraocular and intraocular muscles. Posteriorly, the sclera is 

pierced by the optic nerve and fused with the dural sheath of that nerve. The lamina 

cribrosa forms part of the sclera that is traversed by the optic nerve’s fibres. Ciliary 

arteries and nerves also enter the eye through the sclera. The sclera is continuous in 

the anterior aspect of the eye with the cornea at the limbus (corneo-scleral junction).  

The cornea is the convex transparent anterior one-sixth of the fibrous layer. 

The cornea has the same components of the sclera, but its transparency is attributed to 

the special arrangement of its collagen fibres as well as the absence of the blood 

vessels. It receives its nourishment by diffusion from the aqueous humour that fills the 

cavity behind and the lacrimal fluid in front, and from the capillaries at its edge. The 

main function of the cornea is that it performs the refraction of incoming light. (11,12) 

1.2.1.2 The vascular pigmented layer (The uveal tract) 

This layer, from posterior to anterior, consists of choroid, ciliary body, and iris. The 

choroid is a dark red brownish highly vascular layer and made up of two sub-layers. 

An outer pigmented layer, which absorbs the scattering incoming light to provide a 

sharper image, and an inner highly vascular layer, which is separated from the retina 

by a membrane called ‘Bruch’s membrane’. The uveal tract provides oxygen and 

nutrients to the adjacent tissues (see below, section 1.4. Blood supply/ drainage of the 

retina).  
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The ciliary body is the thickened, anterior continuation of the choroid. The 

ciliary body is attached to the lens through the ciliary muscles and suspensory 

ligaments (zonules) which control the thickness of the lens and, hence, its refractive 

power allows focusing to take place. Folds of the anterior surface of the ciliary body, 

known as the ciliary processes, are responsible for secreting the aqueous humour. 

The iris is an anterior extension of the ciliary body. It is a thin pigmented 

contractile diaphragm with a central aperture, the pupil.  The iris lies between the 

cornea and the lens and divides this anterior cavity into anterior and posterior 

chambers. It comprises of two muscles: sphincter pupillae with circular muscle fibres, 

and the dilator pupillae with radiating muscle fibres.  These two muscles control the 

amount of light entering the eye through the pupil by contracting or relaxing and 

innervated by the sympathetic and parasympathetic systems. (11,12) 

1.2.1.3 The nervous layer (the retina) 

The retina is the inner most layer of the eye, which provides pretty much the same 

function as the film or image sensor in a camera. (11,12) More details on the anatomy of 

the retina are discussed in the section below (1.3. Anatomy of the Retina). 

1.2.2 The Contents of the Eyeball  

1.2.2.1    The aqueous humour  

The aqueous humour is a clear fluid secreted by the ciliary process. It enters the 

posterior chamber before flowing to the anterior chamber through the pupil. Aqueous 

is drained away through the spaces at the irido-corneal angle into a canal called the 

canal of ‘Schlemm’. The primary function of the aqueous humour is to deliver 

nourishment to the adjacent avascular cornea and lens. It also assists in maintaining 

the shape of the eye by exerting pressure on the adjacent walls. (10) Any imbalance of 
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production and drainage of the aqueous humour may lead to an increase in the 

intraocular pressure, associated with consequences such as glaucoma (i.e. damage of 

the optic nerve) and eventual loss of vision without treatment. (13) 

1.2.2.2    The lens 

The lens is a transparent convex structure enclosed in a transparent elastic capsule 

attached to the ciliary body by the suspensory ligament. It is situated between the iris 

and the vitreous body. The lens is responsible for the accommodation based on its 

ability to change its shape. When the lens is flattened under the control of ciliary 

muscles, the eye can focus on distant objects. When the lens becomes more globular, 

the eye can focus on nearby objects. (11,12) 

1.2.2.3    The vitreous body 

The vitreous body or vitreous humour is a jelly-like avascular transparent structure 

that fills the posterior segment of the eyeball. It helps in holding the spherical shape of 

the eye and supports the posterior surface of the lens. (11,12) It also performs an 

antioxidant function. The vitreous contains very few cells composed mostly 

of phagocytes, which remove unwanted cellular debris in the visual field, as well 

as hyalocytes, which turn over the hyaluronan. The vitreous humour, unlike the 

aqueous humour, is a stagnant structure and not actively regenerated or replenished.  

Notably, a clinically relevant function of the vitreous body currently is its ability to 

act as a media and even a “reservoir” for drug delivery into the eye and retina. (14) 

Each of the components of the eye mentioned above has its own importance 

and role in the sense of vision. They all work in harmony with one another to produce 

an effective image which the brain can then perceive, understand, and react to. Any 

defect occurring in one of these components may have a negative impact on the 

quality of vision in the affected individual. 

https://en.wikipedia.org/wiki/Phagocyte
https://en.wikipedia.org/wiki/Visual_field
https://en.wikipedia.org/wiki/Hyalocyte
https://en.wikipedia.org/wiki/Hyaluronan
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1.3   Anatomy of the retina 

The retina is considered part of the central nervous system as it has the same 

embryological origin. (15) Generally, it can be described as a transducer that converts 

patterns of light energy into electrical nerve signals conducted via the optic nerve and 

then the visual pathway to the visual cortex in the brain for analysis. (10) The retina 

can be divided into different parts based on function, anatomy, clinical importance 

and histology, which are discussed as following.  

1.3.1    Functional parts of the retina 

Functionally, the retina consists of two parts: the optic part which is sensitive to light 

and a non-visual part (not sensitive to light). Its optical part consists of two layers: an 

inner neural layer and an outer pigmented layer. The inner neural layer is composed 

of several sub-layers of neurons interconnected by synapses, and in the deepest part 

contains photosensitive cells, or photoreceptors. There are two types of 

photoreceptors: cones (responsible for high light and colour vision or photopic 

vision), and rods, responsible for low light vision (scotopic vision). The outer 

pigmented layer is formed by a single layer of pigmented cells which has light 

absorbing properties in order to reduce the scattering of the light in the eyeball, 

known as retinal pigment epithelium (RPE). (10) 

1.3.2    Anatomical and clinical regions of the retina 

Anatomically and clinically, the retina consists of three regions: the posterior pole 

(central part of the retina), the mid-peripheral, and peripheral retina (Figure 2). The 

central region of retina contains an oval yellowish area called the macula lutea. There 

is a small depressed area called the fovea centralis at the centre of the macula, which 

is responsible for the highest visual acuity in the retina as it has the highest density of 

cone photoreceptors. The macula serves as the central vision, used to visualise faces 
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and for reading. The optic nerve leaves the retina about three millimetres medial to 

the macula lutea at the optic disc (optic papilla). The optic disc is insensitive to light 

given that it does not have any photoreceptors and is, thus, referred to as the blind 

spot. This is where the optic nerve leaves the eye. The mid-peripheral and peripheral 

retina serve peripheral vision, which is used, for example, to navigate safely around 

obstacles. The very peripheral edge of the anterior retina is known as the ‘ora serrata’ 

which merges with the ciliary process and the back of the iris. (11,12) Clinically, the 

retina can be visualised using an ophthalmoscope, and is known as the fundus. (15) 

 

 

1.3.3    Histology of the retina 

Histologically, the retina is formed of various types of neuronal cells with specialised 

sensory and conductive functions, including photoreceptors (cones and rods), 

ganglion cells, bipolar cells, horizontal cells amacrine cells, as well as glial cells with 

Figure 2 Anatomical regions of the retina 

A diagram shows the three anatomical regions of the retina: central, mid-peripheral and peripheral 

(created and produced by the author) 
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supportive functions, including Muller cells, astrocytes and microglia. These cells are 

arranged in 10 distinctive layers (Figure 3). The layers from the innermost to the 

outermost are:  

(1) Inner limiting membrane (ILM) – basement membrane elaborated by Muller cells, 

separating the retina from the vitreous.  

(2) Nerve fibre layer (NFL) – axons of the ganglion cells. This layer is thickest 

adjacent to the optic disc as all the axons converge there to leave the eye and form the 

optic nerve. A thin layer of Muller cell footplates exists between this layer and ILM 

layer. 

 (3) Ganglion cell layer (GCL) – contains nuclei of ganglion cells, the axons, and 

some displaced amacrine cells.  

(4) Inner plexiform layer (IPL) – contains the synapse between the bipolar cell axons 

as well as the dendrites of the ganglion and amacrine cells. 

 (5) Inner nuclear layer (INL) – contains the nuclei and surrounding cell bodies of the 

amacrine cells, bipolar cells, and horizontal cells. 

(6) Outer plexiform layer (OPL) – projections of rods and cones, which make 

synapses with dendrites of bipolar cells and horizontal cells. This is known the Fibre 

layer of Henle in the macular region. 

(7) Outer nuclear layer (ONL) – cell bodies of rods and cones 

(8) External limiting membrane (ELM) – layer that separates the inner segment 

portions of the photoreceptors from their cell nuclei 
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(9) Inner segment / outer segment layer (IS/OS) – inner segments and outer segments 

of rods and cones. The outer segments contain a highly-specialised light-sensing 

apparatus. 

(10) Retinal pigment epithelium (RPE) – single layer of cuboidal epithelial cells. This 

layer is adjacent to the choroid and provides support/nourishment to the outer layers 

of neural retina. (15)  

The different layers of the retina can be visualised using microscopy in 

histological sections.  The advent of optical coherence tomography (OCT) has, 

however, made it possible to image these retinal layers “in vivo” in the human eye 

(see below section 1.5. Investigative tools and technologies for retinal and retinal 

vascular diseases). 

In basic terms, light enters the eye and passes through the different retinal 

layers to reach the photoreceptors, where it first gets processed. This, in turn, 

generates visual signals transmitted through the bipolar cells which are connected to 

the ganglion cells. These visual signals are transmitted through the axons of the 

ganglion cells, which leave the eye at the optic disc to form the optic nerve, before 

travelling to the visual cortex in the brain for image perception. (10) 
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1.4   Blood supply/ drainage of the retina 

The retina is one of the most metabolically active tissues in the body with high 

oxygen demands. An adequate blood supply is crucial to deliver the oxygen and 

nutrient needed to the retina via the arterial system and capillaries in order for the 

retina to function properly. Metabolic waste is brought away from the retina by the 

venous drainage system. In fact, the retina has a dual blood supply or two circulations, 

namely, uveal (choroidal) and retinal. The ‘uveal circulation’ consists of 10-20 short 

vessels (posterior ciliary vessels) entering the eyeball around the optic nerve. In turn, 

these supply the uveal tract and the avascular outer layers of the retina, including the 

photoreceptors. The ‘retinal circulation’ consists of the central retinal artery and 

Figure 3 Histology of the retina 

Diagram showing the layers of the retina. NFL: neural fibre layer; GCL: ganglion cell layer; IPL: inner 

plexiform layer; INL: inner neural layer; OPL: outer plexiform layer; ONL: outer nuclear layer; IS/OS: 

inner segment/ outer segment; RPE: retinal pigment epithelium (created and produced by the author) 
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central retinal vein, which pierce the optic nerve 5-16 mm behind the globe and 

supply/drain, respectively, the inner layers of the retina. (16) 

The central retinal artery is a branch of ophthalmic artery, which, in turn, is a 

branch of internal carotid artery. The central retinal vein usually drains directly to the 

cavernous sinus or into the superior ophthalmic vein, or more rarely, into the inferior 

ophthalmic vein. The central retinal artery and vein travel through the centre of 

lamina cribrosa to the optic disc, where they turn ninety degrees to run parallel with 

and in the retina, thereby bifurcating several times. Branches of the central retinal 

vessels lie in the nerve fibre layer or ganglion cell layer. (17,18) The arteriolar and 

venular branches mostly run in parallel with some crossovers. Typically, central 

retinal vessels give four main branches/ tributaries: supero-temporal, supero-nasal, 

infero-temporal and infero-nasal. Each main branch supplies the corresponding 

quadrant / region of the retina. Additionally, there are smaller macular branches 

supplying the macular region (Figure 4). In most cases, central retinal vessels 

bifurcate into two main branches, superior and inferior, in front of the lamina cribrosa 

before giving further temporal and nasal branches. (19,20) In some cases, however, the 

division occurs behind the lamina cribrosa (Figure 5).  
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Four retinal capillary beds or plexi are seen nourishing the inner retinal layers 

including radial peripapillary, superficial, intermediate, and deep capillary plexus. 

Figure 4 Retinal vascular branches 

Diagram of the fundus showing the retinal vascular branches (in the scheme, the division 

of superior and inferior retinal branches occurred before the blood vessels entered/exited 

the eye at the optic nerve head) (created and produced by the author) 

 

 

Figure 5 Variations of the central retinal vessels’ division 

Diagram of side views of the eyeball showing the two variations of central retinal vessel division. 

(Left): central retinal vessels divide in front of the lamina cribrosa; (Right): central retinal vessels 

divide behind the lamina cribrosa (created and produced by the author) 
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The radial peripapillary capillaries are only found around the optic disc and lie in the 

nerve fibre layer. The superficial capillary plexus is found in the ganglion cell layer. 

The intermediate plexus is concentrated between the inner plexiform layer and the 

inner nuclear layer. The deep plexus lies between the inner nuclear layer and the outer 

plexiform layer. (5) These capillary networks can now be visualised using a relatively 

new technology referred to as optical coherence tomography angiography (OCT-A) 

(see more details on this technology in section 1.5. Investigative tools and 

technologies for retinal and retinal vascular diseases). 

Some regions of the retina normally lack capillaries and are known as 

avascular zones. These zones include the foveal avascular zone (FAZ) at the fovea 

centralis, the ora serrata, and the areas adjacent to retinal arterioles. FAZ is 

surrounded or bordered by the perifoveal capillaries, thereby forming a ring. Lack of 

capillaries at the foveal zone is necessary for clear central vision. The outer retinal 

layers, which contain the photoreceptors, receive oxygen and nutrients from the 

choriocapillaries in the underlying choroid through Bruch’s membrane and RPE. The 

choroidal blood is drained through the vortex veins, which penetrate the sclera to 

merge with the ophthalmic veins. (16)  

Any blockage or disturbance in the blood flow of the retina will affect 

capillary perfusion and exchange of oxygen/nutrients with metabolic waste in the 

affected areas of the retinal tissues. If blood flow cannot be restored, hypoxia and/or 

ischaemia will develop with concomitant damage and loss of capillaries as well as 

retinal cells. Eventually, loss of function in the damaged area will occur, with 

subsequent loss of vision served by the affected retinal region. Retinal neuronal cells 

are fairly similar to those in brain, in that they cannot be regenerated after cell death, 
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at least in current medicine. Hence, the loss of vision secondary to retinal neural cell 

death would be irreversible. (6-9) 

1.5   Investigative tools and technologies for retinal and retinal 

vascular diseases 

Over the years, several tools and technologies have been developed and are currently 

available to evaluate the function along with the structure or anatomy of the retina and 

its vasculature. These technologies are discussed below. 

1.5.1    Visual acuity 

The visual acuity test refers to the clarity of vision and reflects the function of the 

central or more accurately, the retina’s foveal region. The visual acuity is predicated 

on the health and clarity/ transparency of optical media (i.e. cornea, lens, aqueous 

humour, and vitreous humour) as well as the health of the central retina, optic nerve 

and the visual system within the brain. A defect in any of these could result in blurred 

vision, i.e. deterioration in visual acuity, or loss of vision, depending on the cause and 

severity of the defect. (21) 

Visual acuity tests include the testing of distance and of near (reading) vision. 

Typically, the distance vision is tested using charts that contain ‘optotypes’ or 

symbols, typically high contrast letters of different sizes, as used in the Snellen chart 

or random E chart. The optotypes are to be read at a specified distance, usually six 

meters (20 feet) for the Snellen chart. The test examines one eye at a time and a score 

for each eye as a fraction. For example, a visual acuity of 6/6 (equivalent to ‘20/20’, 

when feet are used instead of metres) represents what is considered as normal vision. 

This implies that a person can see at 6 metres (20 feet) what is expected for a person 

with "normal" eyesight to see. (21,22). An acuity of 6/18 (20/60) would mean that the 
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patient can see at 6 meters what another person with “normal” vision would see at 18 

meters. 

LogMAR is another commonly used scale, expressed as the logarithm of the 

minimum angle of resolution (MAR). The LogMAR scale converts the geometric 

sequence of a traditional chart to a linear scale. It measures visual acuity loss, wherein 

positive values indicate vision loss, whereas negative values denote normal or better 

visual acuity. (23) The Early Treatment Diabetic Retinopathy Study (ETDRS) chart 

letters is a prominent example of a chart using LogMAR notation (Figure 6). The 

acuity results can be presented as the number of letters the person can read, with 85 

ETDRS letters being the ‘perfect normal’ score. (24) 

If the person is unable to read any of the letters in the testing chart from 6 

meters, the distance should be reduced till the person can read it. If the person still 

cannot read any of the letters from 1-meter distance, other means of testing vision can 

be used. In clinical practice, vision would be determined as ‘counting fingers’ (CF), 

seeing ‘hand movements’ (HM), ‘light perception’ (LP), or no light perception. (25) 

The visual acuity test is a ubiquitous test used to capture the level of vision in 

clinical practice and research.  However, reduced acuity has many possible causes and 

is not specific for problems in the retina or any other part of the visual system, and is 

generally acknowledged not to reflect many functionally relevant aspects of visual 

abilities. 



Chapter I: General Introduction 

18 

 

 

 

1.5.2    Visual fields/ retinal sensitivity 

The visual field test detects defects of central and, particularly, peripheral vision. 

Similar to the visual acuity test, it is not specific for any part of the visual system, 

being potentially affected by pathology in optical media, retina, optic nerve, as well as 

the visual system in the brain. Visual fields can be assessed by clinical examination, 

or in more detail by dedicated machinery known as perimeters. (26) 

In perimetry, the patient is asked to fixate on a central point in a vertically 

orientated ‘bowl’.  Light stimuli are briefly and singly flashed, of variable sizes and 

intensities, at different points within the field tested, and against a plain background. 

Figure 6 Visual acuity ETDRS chart 

An example of ETDRS chart; ETDRS: Early Treatment Diabetic Retinopathy 

Study 
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The patient’s ability to detect these stimuli can be used to measure the retinal 

sensitivity at corresponding points. Visual field testing is time consuming and requires 

patients’ cooperation, not least a steady fixation on the central target, which may be 

difficult in some cases. 

Generally, there are two main types of perimetry, namely, Goldmann 

perimetry and automated perimetry. (27,28) In case of the former, the stimuli’s position 

and intensity is controlled manually by the operator. The light may either be moved 

towards the centre from the perimeter (kinetic perimetry), or it may remain in one 

location (static perimetry). The Goldmann method is capable of testing the entire 

periphery. However, automated perimetry is more commonly used now both in 

clinical practice and in research. In automated perimetry, the patient indicates whether 

he/she sees the light by pushing a button. Software controls where the light is 

presented for each flash, how bright each flash will be, and eventually produces a 

pictorial and numerical representation of the visual field.(27,28) 

Perimetry is not regularly used however, in evaluating retinal diseases in 

clinical settings, as other investigations are able to better capture what the clinician 

needs to know about most retinal conditions. 

1.5.3    Microperimetry/ macular sensitivity 

The concept of microperimetry is similar to that of the visual field test with perimetry, 

in which it measures the light sensitivity of specific retinal points by projecting 

stimuli over different retinal locations within the field of view and creates a map of 

macular sensitivity showing areas of defects. However, microperimetry is designed to 

assess the retinal function of a more focused area in the macular region with the retina 

being in view thus, making it possible to make functional-structural correlations 
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(Figure 7). Similar to the automated perimetry, the patient indicates whether he/she 

sees the light by pushing a button. However, unlike perimetry, the microperimetry is 

provided with an eye tracker, giving more accurate results in those who have 

suboptimal central vision owing to macular disease, and hence have difficulties with 

steady fixation on a central target.  Microperimetry can examine the steadiness of 

fixation.  Microperimetry has not been used widely in clinical settings to evaluate 

retinal disease, but may have promising useful applications in both clinics as well as 

research.(29,30)   

 

 

Figure 7 Macular sensitivity map using microperimetry 
technology (MAIA: Macular integrity assessment)  
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1.5.4    Intraocular pressure (tonometry) 

Intraocular pressure (IOP) is measured using equipment known as tonometry. This 

test reflects the balance of production of aqueous humour and its drainage, primarily 

through the trabecular meshwork located in the anterior chamber angle. The 

intraocular pressure also depends on the elasticity of the sclera and cornea (10) 

Most tonometers are standardised to measure pressure in millimetres of 

mercury (mmHg). Normal intraocular pressure is usually between 10 mmHg and 20 

mmHg, although it follows a normal distribution, which means that values outside this 

range can still be ‘normal’ for a particular individual. The average value of intraocular 

pressure is 15.5 ±2.75 mmHg. (31)  Ocular hypertension (OHT) is defined by 

intraocular pressure being higher than normal in the absence of optic nerve damage or 

visual field loss, while ocular hypotension or ocular hypotony is classically defined as 

intraocular pressure of ≤5 mmHg. (13,32,33).  Meanwhile under the concept of normal 

tension glaucoma, optic nerve damage can occur even with what may be considered 

normal IOP. 

IOP does not reflect the health of the retina and its vasculature, but forms an 

important aspect in the evaluation of patients with retinal vascular diseases, given that 

increased IOP can be a risk factor for retinal vein occlusion, a complication of the 

natural history of the disease, or represent a complication of treatments used for RVO  

(e.g. intravitreal injections of steroids). (13,34-41) 

1.5.5    Pupillary Reflex 

The pupils’ reaction to light reflects the integrity of the visual pathways, but it is 

specifically used to test the optic nerve function. A pupil test is ideally done in a 

dimly lit room, while the patient focuses on a distant target. Direct and consensual 
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pupillary reactions are tested first, i.e. the reaction of each eye to a light shone in one 

eye.  Failure to react usually indicates a more severe dysfunction of the optic nerve. 

(21) The ‘swinging flashlight test’ evaluates the relative difference in the pupillary 

reactions between both eyes. This is performed by moving the torch light between 

eyes, not allowing sufficient time for the pupils to dilate fully. If one of the pupils 

continues to dilate when the light shines on it, there is a defect in the visual pathway 

of that side known as a relative afferent pupillary defect (RAPD) (42) (Figure 8). A 

RAPD usually indicates less severe dysfunction of an optic nerve, although it strictly 

compares the function of one optic nerve with the other. 

The severity of RAPD can be quantified using neutral density light filters, 

measured in log units and ranging from 0 to 3.0 log units. In this test, the eye with the 

RAPD is first identified. The swinging flashlight test is performed whilst gradually 

increasing the density of the filter in front of the healthy eye until the RAPD 

disappears (i.e. until there is no asymmetry of the pupillary reactivity to light). (42) 

Testing pupillary light reflexes and presence of RAPD and grading its severity 

is non-invasive, cheap, and easy to undertake providing reliable information, even in 

the presence of hazy media. However, the RAPD test requires a normal optic nerve 

and pupil in the fellow eye. Examining the eye for pupillary light reflexes and for the 

presence of RAPD is used clinically in the evaluation of eyes with ocular diseases. 

However, quantifying the RAPD is not commonly done in clinical practice. (42) 
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1.5.6    Electroretinography 

Electroretinography (ERG) measures the electrical responses of various cell types in 

the retina, including the photoreceptors (rods and cones) and inner retinal cells. In this 

test, a recording electrode is applied to the surface of the cornea and a ground 

electrode to the skin (e.g. forehead or earlobe). Electrical responses to different light 

stimuli can then be recorded and analysed. During a recording, the patient's eyes are 

exposed to specific stimuli, after which the resulting signal is displayed showing the 

time in milliseconds (ms) and amplitude of the signal in micro voltage (µv). (43) 

There are two common types of ERG, known as full field ERG (ff-ERG) and 

multifocal ERG (mf-ERG). Ff-ERG measures the response of the entire retina. Mf-

ERG in contrast measures local retinal responses from up to 250 retinal locations 

within the central 30 degrees of the fovea. Responses of the ‘cone and rod systems’ 

can be examined separately. In case a dim flash is used as the stimulus on a dark-

adapted eye, the response is from the rod system (scotopic ERG), while bright flash or 

Figure 8 Pupillary response 

A diagram shows normal pupillary response (top) and relative afferent 

pupillary defect (bottom) (created and produced by the author) 
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high frequency flicker stimuli for a light adapted eye will reflect the activity of the 

cone system (photopic ERG). (44,45) 

Sufficiently bright flashes will produce ERGs containing two main waves, an 

“a-wave or N1” (initial negative deflection) that reflects the hyperpolarisation of the 

photoreceptors followed by a “b-wave or P1” (positive deflection) derived from the 

inner retina, predominantly bipolar cells (Figure 9). The a-wave amplitude is 

measured from baseline to the trough of the a-wave, whereas the b-wave amplitude is 

measured from the trough of the a-wave to the peak of the b-wave. Implicit time or 

peak time is a measure of the time interval from onset of the stimulus to the peak of 

the b-wave. This wave is the most common component of the ERG used in clinical as 

well as experimental analysis of retinal function. (44,45) Pattern ERG is another type 

that can reflect the function of the retinal ganglion cells. (44,45) 

ERG is a non-invasive test and can provide information about the function of 

the retina. However, it is not obtained routinely in clinical practice for the evaluation 

of patients with retinal vascular diseases, since it is consuming and requires equipment 

and trained staff able to undertake and interpret its results. (44,45) New handheld ERG 

devices (e.g. RETeval), which are easy to use and interpret and which have allowed 

reduced testing time, should facilitate the introduction of the use of ERG more routinely 

in clinical practice (46).   
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1.5.7    Retinal Oximetry 

Retinal oximetry is a non-invasive imaging technology that allows for the calculation 

of the relative oxygen saturation of retinal blood vessels. It is capable of providing 

helpful information when evaluating patients with retinal vascular diseases such as 

RVO. (47) 

The basic retinal oximeter comprises of a fundus camera with an attached 

image splitter. The image splitter contains mirrors that split the beam from the camera 

into smaller beams based on wavelengths of light, as well as filters which further filter 

the beam. The apparatus also includes a digital camera to record the fundus images. 

Analysis of the images has been shown to be most effective with comparison of the 

images at two distinct wavelengths, at about 600 nm (sensitive to oxyhemoglobin) 

and about 570 nm (not sensitive to oxyhemoglobin). Computer software detects 

retinal vessels and uses relative light intensities to calculate relative vessel 

oxygenation. An oxygen map of the fundus is generated and displayed with 

Figure 9 Electroretinography (ERG) waves 

A diagram shows normal waves of ERG; ms: millisecond, µV: micro voltage (created and 

produced by the author) 
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corresponding colours ranging from dark purple, when oxygen levels are less than 

40% to red representing a 100% oxygen saturation level  (47) (Figure 10). 

The use of oximetry in clinical practice is not yet widespread. However, given 

that oximetry is a simple, fast, and non-invasive test that only requires imaging of the 

fundus, it can be easily introduced to clinical practice once its clinical applicability in 

the evaluation of retinal vascular diseases is proven valuable. 

 

 

1.5.8    Blood Flowmetry 

Retinal blood flow can be measured using different methods/techniques. These 

include the blue field entoptic technique, microsphere method, laser Doppler 

flowmeter, laser Doppler velocimetry (LDV), retinal vessel analyser, colour Doppler 

Figure 10 Oxygen saturation map (Oxymap)  

An Oxymap image showing oxygen saturation in the retinal vessels of a normal eye 
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imaging and laser speckle technique, as well as Doppler optical coherence 

tomography (DOCT) technology. They allow localisation of the ocular vessels and 

measurement of the blood flow within the retinal veins and arteries, which is why 

they may be utilised to evaluate the severity of retinal vascular diseases.  These 

technologies have been used widely in research, but not in clinics due to lack of 

availability of the instrumentation required in most eye units, as well as due to 

insufficient evidence of its clinical value. (48-51) 

1.5.9    Ocular surface temperature (OST) 

Ocular surface temperature (OST) is an easy and non-invasive test that is undertaken 

using infrared thermography, which, in turn, generates thermal profile across the 

anterior eye and indirectly reflects the quality of its blood circulation.   

OST is usually measured at five anatomical points: 1) the medial canthus, 2) 

half-way from the medial canthus and nasal limbus, 3) the centre of the cornea, 4) 

half-way from the temporal limbus and lateral canthus, and 5) at the lateral canthus. 

The centre of the cornea has been found to be the best indicator of the posterior 

segment’s blood flow and the most reliable measure in retinal vascular diseases, since 

it is avascular and the point that is influenced least by the conjunctival blood vessels. 

(52) 

However, OST can be affected by many factors such as inflammation, body 

temperature and environmental temperature, which reduces its accuracy and value in 

assessment of patients with retinal vascular diseases. (52) More studies are needed on 

OST to confirm its clinical value in assessment of patients with retinal vascular 

diseases. 
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1.5.10  Ophthalmodynamometry 

Ophthalmodynamometry is an easy to perform and non-invasive test that allows 

measuring the pressure in the central retinal artery and central retinal vein, although 

this test is not part of the routine clinical evaluation of patients with retinal vascular 

diseases.  However, a simplification of this test is commonly used by clinicians to 

elucidate whether or not the venous pressure is increased.  It relies on the clinical 

manoeuvre of exerting gentle manual pressure on the eye, by pressing through the 

eyelid at the same time that the blood vessels are visualised by slit-lamp 

biomicroscopy. As the pressure in the eye increases, if the central retinal artery 

collapses at the same time or before the central retinal vein, it is indicative of an 

abnormally high venous pressure (venous pressure in normal circumstances is much 

lower than that in arteries and, thus, veins should collapse earlier than arteries when 

pressure is exerted on the eye). (53-56) A high venous pressure is expected in RVO 

when the occlusion is not resolved. However, this manual manoeuvre is not 

recommended in eyes with RVO as adding an extra pressure on the eye may 

complicate the situation when retinal vein/s has/have already high pressure. 

1.5.11   Fundus examination and fundus photography 

The fundus can be examined by direct or indirect ophthalmoscopy. In direct 

ophthalmoscopy, the method used in most non-ophthalmology settings, the red reflex 

is elicited first, which is a reflection from the fundus. A reduced red reflex indicates 

opacity between the cornea and retina (e.g. cataract or vitreous haemorrhage). (15) 

Subsequently, the retina is examined. Direct ophthalmoscopy has the advantages of 

relying on widely available inexpensive equipment (i.e. a direct ophthalmoscope). 

However, although it is possible to achieve high magnification and direct visualisation 

of fundal structures, the field of view is very small. Furthermore, the view of the 
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peripheral retina is inadequate.  Indirect ophthalmoscopy can be performed using an 

indirect ophthalmoscope, which allows visualisation of the entire retina, or by means 

of slit-lamp biomicroscopy using contact or not contact fundus lenses.  

Fundus photography is performed to aid diagnosis, monitoring and for the 

purpose of documentation in people with retinal disease including patients with RVO. 

This test is usually performed using mydriatic/ dilating eye drops to dilate the pupil in 

order to obtain a better and wider view of the fundus. (15) In order to reduce the 

pupillary constriction further, if images are obtained in an un-dilated eye, the patient 

is asked to fix on a distant object with the other eye in an attempt to reduce 

accommodation of both eyes. 

Ophthalmoscopy or fundus photography (Figure 11) allow visualisation of the 

retina, optic disc, as well as blood vessels and features. Possible abnormalities 

associated with retinal vascular diseases include retinal haemorrhages, hard 

exudation, cotton wool spots (CWS), and new vessels. (15) Wide-angle cameras are a 

relatively new innovation, and allow a larger area of the retina to be easily viewed 

(~200°) (57) (Figure 12).  As a matter of fact, wide-angle imaging allows imaging 

areas of the retina beyond what can be done conventionally using standard cameras 

(~30-55°) in a single shot. 
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Figure 11 Standard colour fundus photograph 

 
Colour fundus photograph of the left eye obtained in an individual with no fundus pathology 

using a standard fundus camera 
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1.5.12   Slit lamp and gonioscopy 

The slit lamp allows biomicroscopy, that is examining the eye with a beam or "slit" of 

light (versus diffuse light) the height and width of which can be adjusted. The slit of 

light, when directed at an angle, emphasises the anatomic structures of the eye, 

allowing for close inspection. For this purpose, the slit lamp provides both 

magnification (10 to 25 times) and illumination. This test is used to inspect the 

anterior segment of the eye (i.e. lids, lashes, conjunctiva, cornea, anterior chamber, 

iris and lens), and the anterior vitreous. Gonioscopy describes the use of a goniolens 

 

 

Figure 12 Wide angle fundus photograph 

Wide-angle fundus photograph obtained from the left eye of an individual without retinal disease 

using wide-angle imaging system (Optos). 
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(also known as a gonioscope) in combination with a slit lamp in order to gain view of 

the anatomical angle formed between the cornea and iris (iridocorneal angle), which 

cannot otherwise be directly visualised. Slit lamp examination and gonioscopy is 

needed to detect neovascular complications in the anterior segment of the eye (i.e. iris 

and/ or angle) in cases with retinal vascular disease. (21,58,59) 

1.5.13   Fundus fluorescein angiography 

Fundus fluorescein angiography (FFA) is one of the standard and important methods 

of evaluating retinal vascular diseases.  This invasive diagnostic test involves an 

intravenous injection of sodium fluorescein (yellow dye). The dye highlights the 

retinal vasculature during a series of photographs taken over several minutes using a 

fundus camera with special excitation and barrier filters. Sodium fluorescein 

fluoresces at a wavelength of 520–530 nm (green) after excitation by a light of 465–

490 nm (blue). In order to obtain a fluorescein angiogram, white light from the 

camera flash unit is passed through a blue (excitatory) filter, and blue light enters the 

eye. (60,61) 

FFA allows the direct visualisation of blood vessels and blood flow in the 

retina, providing information on the perfusion status of the retina, presence of 

neovascularisation, presence of delayed venous filling, leakage into the retina (from 

breakdown of the inner or outer retinal barriers), and retinal oedema. (61) 

Standard FFA allows visualisation of about 30-55° of the retina in a single 

shot (Figure 13). The newer and improved wide –angle FFA (WA-FFA) allows a 

larger area of the retina (>200°) to be imaged during the same phase in a single shot 

corresponding to ~ 82% of the entire fundus area (Figure 14). Even when each 

quadrant of the retina is imaged separately by standard FFA and the images are 
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combined together digitally in a composite, the total area of retina visualised is still 

not as extensive as that which is observed by a single photo using wide-angle FFA. (57) 

FFA is a safe test as it requires small amounts of fluorescein dye. In fact, when 

FFA is performed in wide-angle cameras (e.g. Optos) the amount of fluorescein 

required is extremely small (1.5 ml), but images of very high quality are still 

produced.   FFA is routinely performed in clinics to evaluate patients with retinal 

vascular diseases, including RVO, and provides very valuable diagnostic and 

prognostic information, in addition to being very helpful to guide treatment. This test 

may sometimes be associated with adverse events such as nausea or itching. In very 

rare cases, fluorescein dye may result in severe allergic reaction (anaphylaxis).  

Figure 13 Standard fundus fluorescein angiography (FFA)  

FFA image of left eye showing the retinal vasculature 
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1.5.14   Indocyanine green angiography 

Indocyanine green (ICG) angiography has a similar concept to FFA in that it requires 

intravenous injection of dye (ICG). However, ICG highlights and provides 

information on the choroidal vascular circulation as opposed to retinal vascular 

circulation (Figure 15). The most common application of ICG is the detection of 

choroidal neovascularisation, which is a common manifestation of age-related 

macular degeneration (AMD) but not of RVO. (62)  This imaging technique is not used 

in the evaluation of patients with RVO. 

Figure 14 Wide-angle fundus fluorescein angiography (WA-FFA) 

WA-FFA of the right eye showing the retinal vasculature using an Optos camera 
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1.5.15   Fundus autofluorescence 

Fundus autofluorescence (AF) is a non-invasive imaging modality which provides 

information on the status of the retinal pigment epithelium and, indirectly, of the 

photoreceptors. Images can be obtained either using a confocal laser scanning 

ophthalmoscopy (cSLO), a modified fundus camera, or wide-angle fundus camera 

with the former being more widely used (63) (Figure 16).  

Figure 15 Indocyanine green (ICG) angiography  

Indocyanine green angiography of a right eye demonstrating the choroidal vasculature. 
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Interpretation of the AF images needs to take the technology and wavelength 

used to obtain them into consideration.  Using a cSLO, conventional AF images are 

obtained using a 488 nm wavelength (and a band pass filter at 520 nm). Under these 

circumstances, the main fluorophore responsible for the signal is lipofuscin within the 

RPE.  Near infrared autofluorescence (NIA) images can be also taken using also a 

cSLO with a wavelength of 787nm (and a band pass filter at 800 nm). The signal in 

this case comes predominantly from melanin in the RPE with some contribution from 

choroidal melanin. (63) 

Given its ease of use, non-invasive nature, and value in characterising retinal 

disease, AF is now used routinely in clinical practice and represents valuable tool for 

evaluating many retinal diseases such as AMD, macular dystrophies, retinitis 

pigmentosa, and many others. AF may detect abnormalities beyond those detected on 

fundus examination, FFA, or optical coherence tomography and can be used to 

elucidate disease pathogenesis, diagnose, monitor disease and evaluate novel 

therapies. (63)  In RVO, fundus AF may allow identification of areas of atrophy, which 

appear as areas of low AF signal, not observed on clinical examination. When 

affecting the macula and fovea, these would have prognostic implications. 
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1.5.16   Spectral domain optical coherence tomography 

Spectral domain optical coherence tomography (SD-OCT) is a non-invasive imaging 

technology that provides sectional images (scans) of the retina (Figure 17). It is also 

used to measure and monitor the health of the optic nerve. SD-OCT imaging is similar 

in principle to B-scan ultrasonography, with the exception that OCT measures 

differential reflection of light rather than acoustic waves. OCT is performed by 

measuring the echo delay and intensity of backscattered light from the internal tissue 

microstructure. (64,65) 

Retinal SD-OCT allows examination of the integrity of different retinal layers, 

and determination of overall thickness of the central retina, individual thickness of the 

retinal layers, macular volume and detection of fluid, specifically cystic intraretinal 

Figure 16 Fundus autofluorescence image  

Fundus autofluorescence image of the right eye obtained using an Optos wide-angle 

fundus camera (wavelength of 532 nm, bandpass filter >540nm) 
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oedema, subretinal fluid, and sub-pigment epithelium fluid, all of which can occur 

due in various retinal vascular diseases including RVO.  Moreover, SD-OCT can also 

detect thinning or atrophy of the different retinal layers possibly occurring due to 

retinal ischaemia, which can also be a complication of retinal vascular diseases.  

In clinical practice, qualitative assessment of OCT images is usually done by 

clinicians to guide their decisions, but several aspects of OCT images are quantified, 

such as retinal thickness and macular volume.  Images of three dimensional (3D) 

blocks of retinal tissue can be created, which provide helpful information about the 

geometry of the posterior pole of the eye. (64,65) SD-OCT is extensively and routinely 

used as part of standard clinical practice as well as in research settings in order to 

evaluate/monitor the course of RVO and the response to treatment. (64,65)  

 

1.5.17   Enhanced depth optical coherence tomography 

Enhanced depth imaging optical coherence tomography (EDI-OCT) is a modified 

technology of SD-OCT that allows imaging of the choroid and evaluation of its 

thickness and structures, which can be affected in retinal vascular disease (Figure 18). 

In conventional SD-OCT, the light which is used is scattered by the photoreceptor 

Figure 17 Spectral domain optical coherence tomography (SD-OCT) scan   

SD-OCT of the left eye of an individual without retinal disease. SD-OCT permits visualisation of 

the different retinal layers 
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layer. Consequently, the signal reflected from the choroid is weak. This constraint of 

SD-OCT has been overcome by using EDI-OCT. In EDI-OCT, the objective lens of 

the SD-OCT device moves closer to the eye, thereby producing the inverted mirror 

image of the retina. This manoeuvre increases the signal depth and makes choroidal 

imaging clearer with better definition all the way to the choroidal-scleral junction. (66) 

 

1.5.18    Optical coherence tomography angiography 

Optical coherence tomography angiography (OCT-A) is a relatively new non-invasive 

imaging technique that can visualise the retinal and choroidal vasculature.  Unlike 

FFA, OCT-A allows imaging the retina’s different capillary plexuses individually (i.e. 

superficial, intermediate and deep capillary plexus),full thickness retina (merged/ all 

capillary plexuses), as well as choriocapillary plexus without the need for an injection 

of a dye.(67-70) (Figure 19).  However, OCT-A currently allows imaging only very 

small areas of retina with adequate image resolution (~ 3x3 mm). Sweep-source 

devices do allow larger areas to be imaged (the entire macula and just anterior to the 

vascular arcades), but these are not widely available, to date, in clinics. 

Figure 18 Enhanced depth imaging optical coherence tomography (EDI-OCT)  

EDI-OCT of the right eye of an individual with no retinal or choroidal disease. The EDI-OCT scan 

through the centre of the macular region of the retina shows the choroid (white arrow). 
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High-resolution images can be generated by capturing a series of B-scans in 

the same area, thus allowing the separation of dynamic (blood flow) from static 

(retinal tissue) signals. This imaging tool has been suggested to be very useful in the 

evaluation of retinal vascular diseases. (67-70) 

OCT-A may be useful for the evaluation of areas of capillary non-perfusion 

(ischaemia), larger non-perfused vessels, vascular density, and FAZ morphology in 

patients with RVO. OCT-A is the first imaging technology that enables a selective 

evaluation of the deep retinal capillary network. OCT-A, however, still has some 

other limitations besides the small field of view imaged, such as the fact that images 

are prone to artefacts. Hopefully, future development of this technology will 

overcome these limitations. (67-70) 

 

1.5.19    Adaptive optics scanning laser ophthalmoscopy 

Adaptive optics scanning laser ophthalmoscopy (AO-SLO) is a new promising 

imaging technology. AO-SLO gives high quality images that can show individual 

photoreceptor cells, RPE cells, and microscopic capillary vessels.  Higher transverse 

resolution is the main advantage of AO-SLO over conventional fundus imaging 

technologies (i.e. fundus photography, FFA, OCT and AF). However, it has a very 

small field of view (Figure 20) and the quality of images is influenced by the 

Figure 19 Optical coherence tomography angiography (OCT-A)  

OCT-A obtained at the centre of the macula (fovea) showing the vascular capillary plexuses at the 

perifoveal capillaries of the full retina, superficial, intermediate and deep planes. 
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presence of fluid within the retina. This imaging technology has advanced the degree 

of detail that can be observed in the retina, (71) but it is not used widely in clinical 

practice and its clinical uses are yet to be established. 

 

Figure 20 Adaptive optics scanning laser ophthalmoscopy (AO-SLO) image. 

 

 

1.5.20    Patients reported outcomes (Quality of life assessment) 

Quality of life assessment is one of the helpful tools used in various health problems 

including eye diseases. It helps evaluates the need of the patient for health care, the 

effectiveness of interventions, the cost effectiveness analyses, and the quality of the 

health care service provided. Within the ophthalmic arena, several tools are available 
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and have been used, including the 25 items National Eye Institute Visual Function 

Questionnaire (NEI VFQ-25) and the Europe Quality of life 5 dimensions 

questionnaire (EQ-5D). (72-74) 

The NEI VFQ-25 provides scores for 12 subscales: general health, general 

vision, near vision, distance vision, driving, peripheral vision, colour vision, ocular 

pain, role limitations, dependency, social functioning and mental health, as well as an 

overall composite score. (72) EQ-5D consisting of five domains: mobility, self-care, 

usual activities, pain/discomfort and anxiety/depression). (72-74) 

 

1.6   Retinal vein Occlusion (RVO)  

1.6.1 Classification of RVO 

RVO has been divided into two main types based on the site at which the occlusion 

occurs: Central Retinal Vein Occlusion (CRVO) and Branch Retinal Vein Occlusion 

(BRVO) (Figure 21). (75-81)  

In CRVO, blockage of the main vein draining the retina, the central retinal 

vein, occurs. (76,80-83) In this type, the occlusion usually takes place at or behind the 

laminal cribrosa. CRVO is the most severe form as it affects the entire retina. (76,80-83) 

BRVO denotes a blockage of one or more retinal vein branches (tributaries) which 

typically occurs at arteriovenous crossings. (76,80,81,83-85) It can be major (when one of 

the major venous branches is occluded: supero-temporal, infero-temporal, supero-

nasal or infero-nasal), macular; or peripheral based on the affected retinal region. 

(3,76,80,81,83,85-89)  

Two other types of RVO should be considered: hemispheric and hemicentral 

retinal vein occlusion.  In extant literature, the terms hemispheric RVO (HSRVO) and 
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hemicentral RVO (HCRVO) have been used synonymously, without any distinction. 

(90,91)  However, HSRVO and HCRVO refer to different entities.  HSRVO affects half 

of the retina with the site of the occlusion occurring at an arteriovenous crossing, like 

in BRVO. (17,92-95)  In contrast, HCRVO occurs in patients with a congenital 

abnormality involving the presence of a dual trunk central retinal vein; in such cases, 

the occlusion takes place at one of these trunks of the central retinal vein (Figure 22) 

and is closer to CRVO. (17,92-95)   

In this thesis, HSRVO will be discussed in the BRVO section, albeit with a 

clear statement that when data is available, data presented refers to hemispheric RVO.  

HCRVO will be discussed in the CRVO section and, similarly, it will be stated that 

data presented refers to HCRVO.  Data from studies where no distinction between the 

two was made will be presented under the BRVO section, given the fact that HSRVO 

appears to be more common than HCRVO, whilst clearly stating that the distinction 

between the two was not provided. 

 

 

Figure 21 Central and branch retinal vein occlusion 

Diagram showing the two main types of retinal vein occlusion (RVO): Central RVO (CRVO) (left) 

and branch (BRVO) (right) (created and produced by the author) 

. 
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Each of these types of RVO has been further sub-classified based on its 

severity: into ischaemic and non-ischaemic subtypes (for definitions and more details 

on this, see chapter II).  

1.6.2 Epidemiology and risk factors of RVO 

RVO is a common disease that affects an estimated 16.4 million adults worldwide 

(2.5 million with CRVO and 13.9 million with BRVO), based on a pooled analysis of 

population-based studies from the United States, Europe, Asia, and Australia. (96) 

RVO is believed to be a multifactorial disease, since more than one risk factor may 

contribute to its pathogenesis. (97) In general, risk factors for both CRVO and BRVO 

include the following: increased age, hypertension, cardiovascular disease, 

dyslipidaemia, diabetes mellitus, and smoking. (98-106) Local ocular conditions, such as 

increased intraocular pressure and glaucoma, have been found to be risk factors for 

CRVO but not BRVO. (98-104,106) 

Figure 22 Hemi-central retinal vein occlusion (HCRVO) 

A diagram showing an occlusion of the superior retinal vein trunk resulting in hemicentral retinal 

vein occlusion (created and produced by the author) 

. 
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1.6.3 Aetiology of RVO  

A retinal vein can be occluded by thrombosis or, less commonly, by inflammation 

(vasculitis). (97) According to Virchow’s triad, venous thrombosis can develop by one 

or more of three mechanisms: 1) abnormal blood flow; 2) abnormal blood vessel; and 

3) abnormal blood components. (107) The development of retinal vein thrombosis is 

thought to be attributed to one of these mechanisms, namely, abnormal blood flow 

due to compression from an abnormal adjacent structure: the lamina cribrosa or an 

adjacent retinal artery. (84,97) In CRVO, abnormal blood flow is commonly caused by 

age-related sclerosis of the lamina cribrosa, through which the central retinal vein 

passes, and/or a hardened retinal artery secondary to cardiovascular diseases. (84,97) In 

BRVO, abnormal blood flow usually occurs at an arteriovenous crossing, where both 

the artery and vein share a common adventitial sheath, due to the degree of 

arteriovenous nipping caused by the arteriosclerotic artery. (84,97) A much less 

common cause of retinal vein thrombosis is thought to be increased blood viscosity 

and hyper-homocysteinaemia. (108-112) 

1.6.4 Pathogenesis of RVO 

The retinal blood flow decreases once the thrombus has formed. As a result, the 

intravenous hydrostatic pressure increases, leading to a series of events that will 

damage vascular endothelial cells, disrupt the inner blood retinal barrier (BRB), and 

increase blood vessel permeability which, in turn, will lead to retinal haemorrhages as 

well as oedema throughout the extension of the retina drained by the occluded vein. 

(97,113,114)  

Within the retina, fluid accumulates in the extracellular spaces, commonly at 

the macular region, thus disrupting its normal anatomy and possibly leading to retinal 

neural degeneration by mechanical compression. (115-118)  Chronic macular oedema 
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may damage glial (Muller cells) and retinal pigment epithelial cells, further reducing 

retinal fluid clearance. (116,119,120) Intraretinal fluid (IRF) usually accumulates within 

the macula in a characteristic cystic pattern, referred to as cystoid macular oedema. In 

the case of severe retinal oedema, neurosensory retinal detachment may also occur, 

which may indicate the additional breakdown in the outer retinal barrier. (121) 

Subretinal fluid (SRF) represents the accumulation of fluid in the virtual space 

between the neurosensory retina and the underlying RPE layer. (115-118,121) 

In addition, the increased intravenous hydrostatic pressure that occurs 

following an RVO leads to a decrease in the retinal capillary perfusion or, when 

severe, to capillary non-perfusion. This leads to oxygen insufficiency, and in effect, 

ischaemia and other complications, including damage of retinal cells and 

neovascularisation and neovascular complications [i.e. neovascular glaucoma (NVG), 

vitreous haemorrhage (VH), or tractional retinal detachment (TRD)] (122) (see chapter 

II for more details on the pathogenesis). 

1.6.5 Clinical presentation of RVO 

A patient with RVO typically presents as an elderly individual with unilateral sudden 

blurred or deteriorated vision who may seek care anywhere from a few days to several 

months following the onset of symptoms. (97) The affected individual is usually known 

to have one or more risk factors for RVO: most commonly, arterial hypertension 

followed by dyslipidaemia, glaucoma, and/or diabetes mellitus. (104) The condition is 

usually painless unless it is exacerbated by neovascular glaucoma, in which case the 

increased intraocular pressure may be accompanied by severe pain. (39,123) Clinical 

examination of a patient with such symptoms include testing of visual acuity, slit 

lamp and gonioscopy, fundus examination, SD-OCT, and FFA. (124) 
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In general, visual impairment is more severe in CRVO than in BRVO. 

(1,3,125,126) Best-corrected visual acuity (BCVA) varies widely in both CRVO and 

BRVO, depending on the presence/absence and extension of central macular 

involvement, including non-perfusion, oedema and retinal haemorrhage, as well as 

whether or not vitreous haemorrhage or retinal detachment are present. It is possible 

to diagnose RVO using fundus examination, as venous occlusion can be visualised 

and the affected retina typically appears oedematous with dilated, engorged, tortuous 

retinal veins and flame-shaped, dot and blot retinal haemorrhages. (97,127) (Figure 23) 

Two common complications of RVO are macular oedema and neovascularisation, 

which need clinical attention and treatment. (124,128) 

 

Figure 23 Retinal haemorrhage and cotton wool spots in retinal vein occlusion on 

colour fundus photograph 

Colour fundus photograph of the left eye of a patient with inferior hemispheric retinal vein 

occlusion. Cotton wool spots and retinal haemorrhage are seen. 
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Macular oedema is not only the most common complication of RVO, but also 

the most common cause of visual impairment in patients with RVO. (129-133) Macular 

oedema in RVO often exhibits a diurnal variation, with oedema being worse in the 

morning and improving later on in the day (this may be related to nocturnal 

hypotension during sleep, resulting in a decrease in blood flow and an increase in 

intravenous pressure and, as a result, an increase in oedema). (81,134) Macular oedema 

(IRF and/ or SRF) can be detected using SD-OCT. (129,133,135-141) (Figure 24) 

 

Figure 24 Macular oedema on SD-OCT 

Spectral-domain optical coherence tomography of the left eye of a patient with macular oedema 

secondary to superior hemispheric retinal vein occlusion showing cystic intraretinal fluid (IRF) and 

subretinal fluid (SRF). 

 

 

Neovascularisation (i.e. development of abnormal new vessels) is a less 

frequent complication of RVO, but entails serious consequences. It is a characteristic 

feature of the ischaemic form of the disease (see Chapter II for details). 

Neovascularisation secondary to RVO can be in the anterior segment of the eye [i.e. 

iris (NVI) and / or iridocorneal angle (NVA)] or posterior segment of the eye [i.e. disc 

(NVD) and/ or elsewhere in the retina (NVE)]. (142) Anterior segment 

neovascularisation can be detected using slit lamp biomicroscopy and gonioscopy 

examination, and may result in neovascular glaucoma. On the other hand, posterior 

IRF

SRF 
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segment neovascularisation can be detected on fundus examination and/ or FFA and 

may result in vitreous haemorrhage and/or tractional retinal detachment. (3,125,142-145) 

1.6.6 Natural history of RVO 

The natural history of RVO is predicated on many factors, including the type of RVO 

(i.e. CRVO, BRVO or HCRVO/ HSRVO), the baseline visual acuity, as well as the 

ischaemic status of RVO. In general, CRVO is associated with poorer outcomes than 

HCRVO/ HSRVO and BRVO. Patients with higher visual acuity at baseline are likely 

to have better final visual acuity than those with poorer baseline visual acuity. Patients 

with iRVO have worse prognosis than those with non-iRVO (for more details on this, 

see chapter II)   

1.6.7 Management and treatment of RVO 

Controlling the risk factors such as hypertension, dyslipidaemia and smoking, if 

present, (see section 6.2. Epidemiology and risk factors of RVO, above, for details) is 

essential in the management of patients with RVO in order to help avoid further 

worsening of the condition. Therefore, it is recommended to evaluate the patient’s 

medical history, blood pressure, serum glucose, lipid profile, full blood cell count 

(FBC), and erythrocyte sedimentation rate (ESR). (124,128)  

Treatments available for RVO are known to target the complications on this 

vascular disease, namely, macular oedema and neovascularisation, rather than 

reversing the venous occlusion itself (although some treatments were developed with 

the aim of resolving the occlusion of the vein, e.g. sheathotomy and radial optic 

neurotomy; however, these have not been successful) or achieving revascularisation 

of the affected retina in cases of ischaemic RVO. (124,128,146-148)   
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Local treatments of macular oedema include intravitreal anti-VEGFs (vascular 

endothelial growth factor), intravitreal corticosteroids, macular laser 

photocoagulation, vitrectomy, or a combination of these therapies. Intravitreal anti-

VEGFs have become the first line therapy for most patients with macular oedema 

secondary to both CRVO and BRVO.  Intravitreal anti-VEGF therapies which are 

routinely used in clinical practice include ranibizumab, aflibercept, and bevacizumab.  

According to current clinical practice, it is recommended to give three monthly (or 4 

to 6 weeks apart) intravitreal anti-VEGF injections followed by injections as needed 

(PRN). However, treatment may not be required and spontaneous resolution may 

occur in cases where oedema is minimal; this can be judged by the examining 

clinician. (146-148)  

Intravitreal ranibizumab (Lucentis) and aflibercept (Eyelea) are licensed for 

the treatment of macular oedema secondary to RVO. In the United Kingdom, these 

treatments have been appraised and are recommended by the National Institute for 

Health and Care Excellence (NICE) for patients with visual impairment caused by 

macular oedema following CRVO or BRVO. (149-151) Aflibercept is recommended by 

NICE as an option for the treatment of visual impairment in adults caused by macular 

oedema after BRVO (149) or CRVO. (150) Ranibizumab is recommended as an option 

for treating visual impairment caused by macular oedema following CRVO or BRVO, 

the latter only if treatment with macular laser photocoagulation has not been found to 

be beneficial, or when macular laser photocoagulation is not suitable due to the extent 

of macular haemorrhage. (151) Intravitreal bevacizumab (Avastin) is used also as an 

off-label alternative.  Anti-VEGF drugs inhibit the effects of VEGF, which has been 

found to play a major role in the pathogenesis of RVO (see Chapter II, for details), 
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decrease blood vessel, and possibly RPE permeability, thus leading to reduction in 

macular oedema. (152-155)  

Anti-VEGFs help facilitate the reduction of macular oedema and improvement 

of visual acuity in patients with CRVO and BRVO.  Intravitreal injections of anti-

VEGF, however, are unpleasant for patients, entails risks of complications such as 

endophthalmitis, as well as require repeated treatments and close, long-term follow-up 

over many years in order to preserve vision. (156,157)   

Another option for treating macular oedema secondary to BRVO, in particular, 

is macular laser photocoagulation. Nowadays, this is used less commonly due to the 

availability of anti-VEGF therapies, unless the patient is unsuitable or unwilling to 

receive intravitreal injections. (124,128) When macular laser photocoagulation is the 

treatment of choice, it is recommended to be done after three months of the onset of 

symptoms, given the possibility of spontaneous resolution of the macular oedema 

during this period, in patients with visual acuity of 6/12 (20/40) Snellen or worse with 

the absence of foveal capillary non-perfusion on FFA and the absence of blood 

involving the fovea. (131) 

Corticosteroids is also an option to treat macular oedema secondary to RVO.  

Corticosteroids reduce retinal capillary permeability, leakage, as well as inflammation 

and, hence, help reduce the oedema. (137,138,158-164) Intravitreal corticosteroids used for 

the treatment of patients with macular oedema secondary to RVO include 

triamcinolone acetonide (TA) and dexamethasone (DEX).  However, TA is not 

licensed for intraocular use in these patients.  In the United Kingdom, intravitreal 

DEX implants were appraised by NICE, as a result of which, therapeutic option was 

recommended for patients with macular oedema secondary to CRVO and for patients 
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with BRVO unsuitable or unresponsive to macular laser treatment. (165,166) 

Corticosteroids are associated with potential adverse effects, including elevated 

intraocular pressure and cataract. (137,138,158-164)  

As mentioned earlier, (section 6.5. Clinical picture of RVO, above), 

neovascularisation is a specific feature of the ischaemic form of RVO; hence, more 

details on its treatment will be discussed in Chapter II, which focuses more on 

ischaemic RVO. However, an overview of this is described, below. 

Anterior segment neovascularisation can occur most commonly in CRVO 

(when compared with BRVO). It is typically treated in pan-retinal photocoagulation 

(PRP), causing the new vessels to regress, which would help arrest the deterioration in 

condition (i.e. control/ prevent development of neovascular glaucoma). PRP needs 

multiple laser shots delivered sufficiently to be able to cover the affected retina 

(ischaemic retina) and ensure regression of neovascularisation over time. (124,128) Laser 

is usually placed in the mid-peripheral and peripheral retina, avoiding areas of retinal 

haemorrhages. Other treatments may be required in some cases when 

neovascularisation fails to regress. If neovascular glaucoma develops, it is important 

to control the IOP using topical pressure-lowering agents or cyclo-ablative procedures 

(cyclodiode laser). When vision cannot be restored (blind eye), topical steroids and 

atropine is used to keep the affected eye free of pain. (124,128)   

Posterior segment neovascularisation is commonly associated with BRVO 

(when compared with CRVO) and is typically treated with sector photocoagulation, 

which, in turn, is applied to the affected (ischaemic) sector of the retina. As is the case 

with PRP, multiple shots are needed in sector photocoagulation and various spot sizes 
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can be used. Laser photocoagulation helps achieve regression of the new vessels and 

controlling/ preventing the development of further complications. (124,128)
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2.1   Introduction 

As mentioned in the previous chapter, retinal vein occlusion (RVO) [central (CRVO), 

branch (BRVO) and hemicentral or hemispheric (HRVO)] has been further classified 

into ischaemic or non-ischaemic sub-types on the basis of retinal capillary non-

perfusion (CNP) present. (1-7) This distinction is clinically relevant as the presence and 

extension or size of the area of retinal ischaemia appears to have important prognostic 

and management implications. (1,2,4,5)  However, as discussed below, there is no 

consensus on where the threshold of retinal ischaemia should be set to define 

ischaemic RVO (iRVO).   

Determining the presence and extent (size) of retinal ischaemia in RVO is 

important and the agreement exists regarding the risk that it exposes the patients to 

with this vascular disorder.  Therefore, it is essential that retinal ischaemia is 

considered when phenotyping patients with RVO and that patients with retinal 

ischaemia are included in trials testing new therapies for this condition.  For example, 

many of the conducted clinical trials on treatments for macular oedema secondary to 

RVO did not include or included very scarce numbers of patients with retinal 

ischaemia (Table 1). (8-16) As a result, the benefit of these treatments for this group of 

patients is uncertain (see section 2.3.9. Management and outcomes following 

treatments, below). 

The purpose of the work presented in this chapter is, through a systematic 

review of published literature, to compile current knowledge on iRVO, from 

controversies on its definition and diagnosis to the understanding of its risk factors 

and pathogenesis, structural and functional effects of the disease in the eye and its 

complications, natural history, as well as outcomes following current treatments. In 



Chapter II: Ischaemic retinal vein occlusion: A systematic review 

77 

 

each of these sections, the definition of iRVO used is given so that data can be 

interpreted appropriately.  

Table 1 Major randomised clinical trials in which small number of patients with iRVO were 
included and/ or in which data from iRVO and non-iRVO cases, specifically, was not provided. 

Author Year Information provided on the ischaemic status of patients included 

 

BVOS (17) 

 

1984 Excluded patients with foveal CNP 

Did not differentiate between iBRVO and non-iBRVO 

 

CVOS (18) 

 

1995 Excluded patients with macular non-perfusion, retinal neovascularisation and 

vitreous haemorrhage 

Only 21/ 155 eyes had ≥10 DA of retinal CNP  

Did not differentiate between iCRVO and non-iCRVO 

 

SCORE-CRVO 

Ip et al. (14) 

2009 Only 3/271 patients had ≥10 DA of retinal CNP 

Did not differentiate between iCRVO and non-iCRVO 

SCORE-BRVO 

Scott et al. (11) 

2009 Only 41/411 patients with ≥5 DA of retinal CNP 

Did not differentiate between iBRVO and non-iBRVO 

 

CRUISE 

Brown et al. (9) 

2010 Excluded patients with RAPD 

Only 2/392 patients had ≥10 DA of retinal CNP 

  

BRAVO 

Campochiaro et al. (10) 

 

2010 0/397 patients had ≥10 DA of retinal CNP 

GENEVA 

Haller et al. (12) 

2010 Excluded patients with ocular neovascularisation 

Did not differentiate between iRVO and non-iRVO 

 

ROCC 

Kinge et al. (15) 

2010 Only 5/ 24 patients with ≥10 DA of retinal CNP 

Did not differentiate between iCRVO and non-iCRVO 

 

Ramezani et al. (19) 2011 Did not differentiate between iBRVO and non-iBRVO 

 

Epstein et al. (20) 2012 Did not differentiate between iCRVO and non-iCRVO 

 

HORIZON 

Heier et al. (21) 

 

2012 Did not differentiate between iRVO and non-iRVO 

GALILEO 

Holz et al. (13) 

2013 Only 14/177 patients with ≥10 DA of retinal CNP 

Did not differentiate between iCRVO and non-iCRVO  

 

SHORE 

Campochiaro et al. (22) 

 

2014 Did not differentiate between iRVO and non-iRVO 

RETAIN 

Campochiaro et al. (23) 

 

2014 Did not differentiate between iRVO and non-iRVO 

RELATE 

Campochiaro et al. (24) 

 

2015 Did not differentiate between iRVO and non-iRVO 

MARVEL 

Narayanan et al. (25) 

 

2015 Did not differentiate between iBRVO and non-iBRVO 

RABAMES 

Pielen et al. (16) 

2015 Excluded patients with macular ischaemia and neovascular complications 

0/30 patients had ≥10 DA of retinal CNP 

 

WAVE 

Wykoff et al. (26) 

 

2017 Did not differentiate between iRVO and non-iRVO 

COMRADE 

Feltgen et al. (27) 

 

2018 Did not differentiate between iRVO and non-iRVO 

LEAVO  

Hykin et al. (28) 

 

2019 Did not differentiate between iCRVO and non-iCRVO 

iBRVO = ischaemic branch retinal vein occlusion; iCRVO = ischaemic central retinal vein occlusion; DA= disc areas; RAPD 

= relative afferent pupillary defect; CNP= capillary non-perfusion 
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2.2   Methods of systematic review 

A systematic review of published literature on iRVO was conducted by searching five 

large bibliographic databases including Medline, EMBASE (Excerpta Medica 

database), SCOPUS, Web of Science and Cochrane library. These databases cover a 

wide range of international literature in medical and biomedical topics, among others. 

These databases were recommended for searching by expert staff at the medical 

library of Queen’s University Belfast (QUB) and were accessible using its 

subscriptions. Alerts in these databases were set to allow notifications for new 

relevant articles in order to keep the review up to date during the period of the PhD 

program. In addition to the mentioned databases, Google Scholar was searched to 

ensure a potentially wider coverage of the literature. The National Institute of Health 

and Care Excellence’s (NICE) website was also searched for current 

recommendations on treatments for RVO. The websites of The Royal College of 

Ophthalmologists (RCOO) and The American Academy of Ophthalmology (AAO) 

were also searched for current guidelines on RVO management. 

The main keywords searched were retinal vein occlusion and its alternative 

terms (i.e. retinal vein thrombosis and retinal vein obstruction). These were combined 

with ischaemic, non-perfused, and proliferative terms. A further and more focused 

search was conducted on specific areas to inform the nine main sections of the 

chapter, including definitions, epidemiology, risk factors, aetiology, pathogenesis, 

clinical findings, findings on ancillary studies, natural history, and management and 

outcome following treatments. Accordingly, the stated keywords were combined with 

epidemiology, prevalence, and incidence for the epidemiology section; risk factors for 

the risk factors section; aetiology, and causes for the aetiology section; pathogenesis, 

mechanism, macular oedema, neovascularisation, and the different retinal cells (i.e. 
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retinal ganglion cells, bipolar cells, photoreceptors, Müller cells, amacrine cells, and 

horizontal cells) for the pathogenesis section; diagnosis, prognosis, visual acuity, and 

clinical findings for the clinical findings section; the different clinical tests and 

ancillary technologies (i.e. pupillary examination, visual fields, microperimetry, 

macular sensitivity, electroretinography, flowmetry, oximetry, ocular surface 

temperature, ophthalmodynamometry, fluorescein angiography, optical coherence 

tomography, optical coherence tomography angiography, fundus autofluorescence, 

patients reported outcomes, and quality of life assessment, NEI VFQ-25, and EQ-5D) 

for the findings on ancillary studies section; natural history for the natural history 

section; and management, treatment, the different therapies (i.e. laser 

photocoagulation, anti-vascular endothelial growth factor, ranibizumab, 

bevacizumab, aflibercept, pegaptanib, steroids, dexamethasone, triamcinolone 

acetonide, fluocinolone acetonide and vitrectomy) for the management and outcomes 

following treatments section. 

The search was not limited to a specific period of time or particular 

geographic region. The search covers up to September 2019. Search filters were set to 

only include peer-reviewed journal articles and reviews in the English language and 

studies on adult patients (>18 years old).  Conference/ meeting abstracts, letters, 

comments, and interviews were excluded. The search results were exported to a web-

based commercial reference management software package, called ‘ProQuest 

RefWorks’, where duplicates were identified and deleted. Titles and abstracts of a 

total number of retrieved results were scanned and irrelevant articles were excluded. 

Full texts of the remaining results were obtained by direct download or inter-library 

loan requests before being reviewed. Only articles that are relevant, directly related to 

the topic, served the main purpose of this review, and provided data on the ischaemic 



Chapter II: Ischaemic retinal vein occlusion: A systematic review 

80 

 

form of RVO or differentiated between iRVO and non-iRVO were included. Case 

reports as well as case series that included less than 10 patients were excluded. For the 

“Management and outcomes following treatments” section, in particular, all 

randomised clinical trials (RCT) were included, while prospective uncontrolled 

interventional studies were included only if ≥ 10 patients with iRVO were studied. 

Retrospective studies that reviewed ≥ 100 patients’ records were planned to be 

included, but none of the retrieved articles met this criterion.  

Relevant data were extracted from included papers before being classified 

based on their contents to be presented in the corresponding section of the review. 

Tables were created to summarise data on diagnostic modalities and their end-points 

to differentiate between iRVO and non-iRVO as well as studies on outcomes 

following different treatments of macular oedema and neovascularisations secondary 

to RVO which specifically addressed data on patients with ischaemia. 

 

2.3   Results 

A total of 2,476 results were retrieved. Of these, 1,111 duplicates were removed. 

Titles of the remaining 1,365 articles were scanned for eligibility and irrelevant 607 

articles were excluded. Abstracts of the remaining 756 titles were screened and 302 

irrelevant were excluded. Full texts of 454 results were then evaluated and of these, 

233 were included and used to inform the different sections of the systematic reviews 

(Figure 25). 
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Figure 25 Flow chart of the systematic review process 

 

 

2.3.1   Definitions 

Many terms have been used to refer to iRVO including non-perfused, severe, 

haemorrhagic, or pre-proliferative RVO. (30)   Throughout this thesis, iRVO, which is 

the most commonly accepted term, was used. 

The definition of iRVO is controversial. Different authors have adopted 

different parameters to differentiate iRVO from non-iRVO, thus rendering 

comparisons between studies difficult. This especially holds true when referring to 

ischaemic central retinal vein occlusion (iCRVO).  For example, some have used a 

single test to define iCRVO, including fundus fluorescein angiography (FFA), 
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(4,5,9,11,13-15,31-43) electroretinography (ERG), (4,44-50) or visual acuity of ≤20/200. (51)  

Others have suggested the use of a combination of tests for this purpose. (52-55)  

The most commonly used parameter to differentiate ischaemic and non-

ischaemic RVO of any type has been the area of retinal capillary non-perfusion as 

determined by FFA. (5,9,11,13-15,31-42,56,57)  Most studies using FFA determined the total 

area of retinal capillary non-perfusion by measuring it and dividing it by the optic disc 

area to calculate the area of retinal capillary non-perfusion in disc areas (DA). (4,5)  

Data on specific definitions used for iCRVO and ischaemic branch retinal vein 

occlusion (iBRVO) are given below. 

2.3.1.1 Ischaemic CRVO 

Commonly, iCRVO is defined by the presence of ≥10 DA of retinal capillary non-

perfusion based on FFA. (5,13,14,32,38,58) However, other thresholds to define iCRVO, 

such as ≥ 5 DA (15) or ≥ 30 DA have also been used. (39) As stated above, the risk of 

neovascular events appears to increase with greater disc areas of non-perfusion.  In 

the case of Central Vein Occlusion Study (CVOS), the risk of developing iris/ angle 

neovascularisation was found to be 16%, 36% and 52% for eyes with 10-29, 30-74, 

and ≥75 DA of capillary non-perfusion. (5)  For those with ≥10 DA, the risk was 28%, 

whereas for those with ≥ 30 DA, the risk was 43%, with 96% of all neovascularisation 

events occurring during the first year of follow-up. (5)    

A study conducted by Magargal and colleagues used the ischaemic index to 

define the ischaemic status of the retina in CRVO. (59) The ischaemic index (ISI) was 

defined as follows: 

𝐈𝐬𝐜𝐡𝐚𝐞𝐦𝐢𝐜 𝐢𝐧𝐝𝐞𝐱 (𝐈𝐒𝐈) =
𝑨𝒓𝒆𝒂 𝒐𝒇 𝒏𝒐𝒏 − 𝒑𝒆𝒓𝒇𝒖𝒔𝒆𝒅 𝒓𝒆𝒕𝒊𝒏𝒂

𝑻𝒐𝒕𝒂𝒍 𝒂𝒓𝒆𝒂 𝒐𝒇 𝒗𝒊𝒔𝒊𝒃𝒍𝒆 𝒓𝒆𝒕𝒊𝒏𝒂
× 𝟏𝟎𝟎 
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As is the case with the DAs, different ISIs have been used to differentiate 

between iCRVO and non-iCRVO.  Magargal and colleagues defined non-iCRVO by 

an ISI of ≤10%, intermediate when ischaemic index was 11-50%, and iCRVO when 

the ISI was >50%. (59)  Giuffre et al. used an ischaemic index of ≥30% to define 

iCRVO. (60)  It is generally accepted that the more the retina is visualised, the more 

accurate the estimate of the area of retinal ischaemia and, accordingly, wide-angle 

(WA) technologies would be preferred when evaluating patients with RVO (see 

section 1.5.13. Fundus fluorescein angiography, Chapter I).   

The relationship between the ISI and the presence of ocular neovascularisation 

of any type [anterior segment (iris or angle) and/or posterior segment (retinal) 

neovascularisation] was investigated using WA-FFA. To that end, it was found that an 

ISI of ≥45% was associated with the presence of concurrent new vessels (61) (see 

section 2.3.7. Findings on ancillary studies, below). A recent study conducted by 

Thomas et al. (62) that included 60 patients (eyes) with CRVO found that eyes with ISI 

≥ 35% on WA-FFA were significantly more likely to develop neovascularisation, 

relative afferent pupillary defect (RAPD) or visual acuity of counting fingers (CF) or 

worse. (62) The relationship between ISI and macular oedema was also investigated 

using WA-FFA and an ISI of >10% was found to be associated with the presence of 

this complication (63) (see section 2.3.7. Findings on ancillary studies, below).  None 

of the definitions discussed above take into consideration the location of the area of 

retinal ischaemia (i.e. macular, mid-peripheral or peripheral retina).  To illustrate, it is 

possible to have a relatively low ISI but significant ischaemia involving the macula 

and fovea. (63)  As the macula, and specifically the fovea, is the area responsible for 

central vision when evaluating CRVO, it seems essential that the perfusion status of 

the macula and whether or not there is preservation or destruction of the perifoveal 
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capillaries is determined/considered, in addition to the evaluation of the 

presence/absence and extension of ischaemia in the mid-peripheral and peripheral 

retina.  Recently introduced technologies, such as optical coherence tomography 

angiography (OCT-A) may facilitate the gathering of this information (see section 

2.3.7. Findings on ancillary studies, below).    

Some studies have utilised ERG as a single tool to diagnose iCRVO and 

determine the risk of neovascularisation instead of FFA.  To that end, it was observed 

that prolonged implicit times in the 30 Hz flicker ERG (34-42 ms) appeared to be 

more accurate than FFA in defining iCRVO and predicting risk of neovascular 

complications (64) (See section 2.3.7. Findings on ancillary studies, below). It was also 

suggested that iCRVO should be defined by an implicit time of ≥37 ms in the 30 Hz 

flicker ERG in one study. (47,65) A similar threshold (≥35ms) was proposed in another 

study (45) (see section 2.3.7. Findings on ancillary studies, below). Moreover, it was 

reported that an inter-ocular amplitude difference of 23 µV as well as an inter-ocular 

amplitude ratio of 60% on 30 Hz flicker ERG could be also used as cut-off points in 

order to differentiate between iCRVO and non-iCRVO (66) (see section 2.3.7. Findings 

on ancillary studies, below). Other authors have suggested that a reduction of the b/a 

ratio on the scotopic ERG (mean ± SD of 14.8±13 in uncomplicated CRVO compared 

to 3.5 ±2 in CRVO, which developed iris neovascularisation), and/ or photopic ERG 

(3±2 in uncomplicated CRVO compared to 1.5±0.5 in those who developed iris 

neovascularisation) is also appropriate to define iCRVO (50) (see section 2.3.7. 

Findings on ancillary studies, below). 

Hayreh and associates did not find any single test to have 100% sensitivity and 

specificity for the distinction between iCRVO and non-iCRVO. (54)  Standard FFA 

was informative in two thirds of patients during the acute phase (~first three months) 
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of the disease as in some marked retinal haemorrhages prevented adequate 

visualisation of the retina. (54)  A combination of the following six anatomical 

(structural) and functional tests was proposed by Hayreh and colleagues in order to 

establish the diagnosis of iCRVO (54): 

 Visual acuity of ≤ 6/60 (20/200) Snellen [~35 ETDRS (early treatment 

diabetic retinopathy study) letters]. 

  Peripheral visual fields defects using the I-2e, I-4e, and V-4e (see section 

2.3.7. Findings on ancillary studies, below) in the Goldmann perimeter.  

 Relative afferent pupillary defect (RAPD) of ≥ 0.9 log units using neutral 

density filters (see section 2.3.7. Findings on ancillary studies, below).   

 ERG parameters: b-wave amplitude reduction by ≥60% of normal mean value 

(normal fellow eye) in photopic and scotopic ERG, as well as b/a ratio 

reduction by ≥60% for photopic and scotopic ERG in the CRVO eye when 

compared with values of the fellow normal eye. 

 Retinal capillary non-perfusion on FFA classified into mild, when the area of 

retinal capillary non-perfusion is ≤ 30 DA, which carries a low risk of 

developing neovascularisation, and severe, defined by the presence of retinal 

capillary non-perfusion of ≥ 75 DA, which poses a high risk of developing 

neovascularisation. 

 Extensive retinal haemorrhage and cotton wool spots in the acute stage, and 

disc/retinal neovascularisation in the later stage of the disease on 

ophthalmoscopy.  

The presence of a RAPD was observed to have the highest sensitivity and 

specificity for the diagnosis of iCRVO. (54,67)  Combining RAPD with ERG findings, 
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Hayreh and colleagues found it possible to diagnose up to 97% of cases of iCRVO 

during the acute phase of the disease. (7,54) 

Other studies have used different combinations of the above tests to establish 

the diagnosis of iCRVO, for example visual acuity, visual fields, RAPD, and ERG; 

(68) visual acuity, RAPD and area of capillary non-perfusion on FFA; (69) visual acuity, 

findings on ophthalmoscopy and FFA; (52) and visual acuity, visual field and RAPD. 

(55)   

Evidently, there is variability on the manner in which the diagnosis of iCRVO 

is determined. This should be taken into consideration when appraising current 

literature on this disease.  It may not be possible to reach an agreement among 

clinicians and researchers regarding how to define iCRVO.  However, the agreement 

and usage of a consistent evaluation of patients with iCRVO, including determining 

the minimum score outcome measures required for RVO studies, would allow for a 

homogeneous patient assessment.  The latter would facilitate future comparisons 

among studies and meta-analysis enhance the understanding of the disease, and 

provide a more accurate identification of phenotypes and estimation of their 

prognosis, as well as their response to treatment.  Suggestions on this are proposed in 

section 2.4. Discussion, below. 

Similar suggestions as those given to differentiate iCRVO from non-iCRVO 

were proposed by Hayreh and Zimmerman (70) to discriminate ischaemic from non-

ischaemic hemi-central RVO (HCRVO).   These suggestions included the inability to 

see I-2e, and defective or absent I-4e isopter in Goldmann perimeter (see section 

2.3.7. Findings on ancillary studies, below), extensive retinal haemorrhage and a large 
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number of cotton wool spots on fundus examination, and ≥ 10-disc areas of retinal 

capillary non-perfusion on FFA, in the affected half of the retina. (70)   

2.3.1.2 Ischaemic BRVO 

As for iCRVO, there is no widely accepted definition and classification of iBRVO or 

of ischaemic macular RVO.  Nevertheless, most studies (11,33,38,42,56,71) have used the 

definition of iBRVO provided by the Branch Vein Occlusion Study (BVOS) group 

and is determined by the presence of ≥5 DA of retinal capillary non-perfusion on 

standard FFA.(4)  In the BVOS, 41% of eyes with ≥5 DA of capillary non-perfusion 

developed neovascularisation during a mean follow-up of 3 years.   Some studies, 

however, used the presence of ≥10 DA of retinal capillary non-perfusion to define 

iBRVO. (10,33,72)  The risk that the patients with BRVO are exposed to by having a 

determined extension of retinal capillary non-perfusion (>5 DA, >10 DA, or other) 

has not been investigated as widely in BRVO as it has been done in CRVO.  

In several studies, ischaemic macular BRVO has been defined by the presence 

of an enlargement of the foveal avascular zone (FAZ) secondary to a broken 

perifoveal capillary ring, by the presence of areas of non-perfusion at the macula or 

by both, as determined by FFA. (73-83)  In one study, macular ischemia was defined by 

a break of ≥50% of the perifoveal arcade (132) (no further details were given on how 

this was measured exactly). In another study, macular ischemia was defined by a 

broken perifoveal capillary ring at the border of the FAZ associated with a distinct 

area of capillary non-perfusion within one disk diameter of the foveal centre. (51) 

 Grading and quantifying of macular ischaemia in patients with RVO have 

been suggested by Larsen et al.(167) (CRYSTAL) and Tadayoni et al.(288) 

(BRIGHTER) (for details on these two RCT, see section 2.3.9. Management and 
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outcomes following treatments, below) using ETDRS grid subfields (centre, inner 

ring subfield, outer ring subfield) in FFA images of patients with CRVO and BRVO.  

Degrees of macular ischaemia included: mild (up to one third of the affected subfield 

is non-perfused), moderate (up to two third of the affected subfield is non-perfused), 

severe (more than two third of the affected subfield is non-perfused), and completely 

destroyed (when the entire subfield is non-perfused). (167,288) These studies defined 

macular ischemia as present of any areas of non-perfusion (mild, moderate, severe or 

completely destroyed) in at least one of the three subfields. (167,288) 

Like in CRVO, the area of retinal capillary non-perfusion seems to contribute 

to the risk of neovascular complications in patients with BRVO. (49) However, the 

extent to which other factors contribute to this risk, remains to be established.  As 

with iCRVO, finding consensus among clinicians and researchers on a definition of 

iBRVO may be a challenging pursuit.  An agreed standard evaluation and 

characterisation of these patients, however, should be the starting point and 

suggestions on this are provided on this chapter, based on the knowledge gathered 

(see section 2.4. Discussion, below). 

2.3.2   Epidemiology 

Many population-based studies have looked at the epidemiology of RVO, such as the 

Gutenberg Health Study of RVO, (84) Beijing Eye study, (85) the Central India Eye and 

Medical Study, (86) Hisayama Study, (87) Beaver Dam Eye Study, (88) and Blue 

Mountains Eye Study, (89) among others. However, none of these studies have 

differentiated between iRVO and non-iRVO. In general, these studies showed that the 

prevalence of RVO varies between 0.40 - 2.2%, (84-89) with BRVO apparently being 

more common than CRVO. The incidence also varied between 0.2 – 2.3%, with 

BRVO having a higher incidence than CRVO. (84-89) 
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2.3.2.1 Ischaemic CRVO 

In a hospital-based research conducted by Hayreh, 1,108 RVO patients (1,229 eyes) 

were studied and classified into ischaemic (22%) and non-ischaemic (78%) (as 

defined by Hayreh’s criteria described above, section 2.3.1. Definitions). (90) It was 

found that 13.2% and 18.6% of eyes with non-iCRVO at baseline convert to iCRVO 

at six and 18 months, respectively. (90) During the follow-up period of three years in 

CVOS, 34% of non-iCRVO converted to iCRVO (defined as an area of retinal 

ischaemia of ≥10 DA). (5) It was reported that 67% of patients with iCRVO have their 

first onset of the disease at ≥ 65 years as compared to 44% of those with non-iCRVO; 

this difference being statistically significant. (90)  

Moreover, development of the same type of RVO in the fellow eye was 

reported in 3.8% of patients with iCRVO in comparison to 8.8% of those with non-

iCRVO. (90) In a study including all consecutive new incident cases of RVO (557 

RVO in total: 203 with CRVO and 354 with BRVO) identified between May and 

November 2010 and excluded RVO secondary to diabetic retinopathy or other ocular 

disorders, 100% of CRVO eyes was found to be present with ≥5 DA of retinal 

capillary non-perfusion on FFA. (91)  

Ischaemic HCRVO was reported in 31 out of 130 eyes (23.8%) in comparison 

to 99 out of 130 eyes (76.2%) for non-iHCRVO in a study conducted by Hayreh et al. 

which looked at the systemic diseases associated with the various types of RVO. (92)  

2.3.2.2 Ischaemic BRVO 

A population-based study in Korea found a very high rate of iBRVO (96%) using a 

≥5 DA of non-perfusion as definition for this disease. (91) In other epidemiological 

studies, data on iBRVO form, in particular, was found to be lacking. 
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2.3.3   Risk factors 

Most studies investigating the epidemiology and risk factors of CRVO and BRVO did 

not differentiate between ischaemic and non-ischaemic forms. (84-86,88,89,93-103) Only 

three studies on CRVO, and one study on HCRVO looked at the two forms 

separately. These are discussed below. None of the studies looked at iBRVO. 

2.3.3.1 Ischaemic CRVO 

The Eye Disease Case-Control Study evaluated the risk factors for CRVO in 258 

patients with CRVO and 1142 controls, and differentiated between the risk factors for 

iCRVO (n=84) and for non-iCRVO (n=148), (104) with iCRVO defined by the 

presence of ≥10 DA of capillary non-perfusion on FFA. However, the ischaemic 

status could not be determined in 26 patients. This study found heightened systolic 

blood pressure, increased diastolic blood pressure, and hypertension associated with 

both iCRVO and non-iCRVO, albeit with greater odds ratios for iCRVO, (104) 

Cardiovascular disease, electrocardiographic abnormalities (unspecified), increased 

albumin-globulin ratio, heightened serum α1-globulin level, history of treatment of 

diabetes mellitus and high blood glucose levels were found to be associated only with 

iCRVO. (104) In another large study by Hayreh et al.(92) which included 143 patients 

with iCRVO (as defined by Hayreh’s criteria described above, section 2.3.1. 

Definitions) and 469 patients with non-iCRVO, it was found that arterial hypertension 

and diabetes mellitus were significantly more prevalent in patients with iCRVO than 

those with non-iCRVO. (92) 

In a small study including young individuals aged < 40 years with iCRVO 

(n=8) (defined by either the presence of RAPD, visual acuity ≤3/60, severe retinal 

capillary non-perfusion on FFA (no definition of “severe” capillary non-perfusion 

given), or iris/retinal neovascularisation) and non-iCRVO (n=17), end stage renal 
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disease was found in three patients with iCRVO and hypercholesterolemia, β-

thalassemia, and hypertension, each, in one patient with iCRVO. (105)  The role of 

these systemic conditions in young patients with iCRVO remains uncertain due to the 

very small number of patients included.  

Only one study, conducted by Hayreh et al, evaluated risk factors for HCRVO 

and differentiated between ischaemic and non-ischaemic forms. (92) This study did not 

find a statistically significant difference between ischaemic and non-ischaemic hemi-

central RVO in the prevalence rate of various systemic diseases such as arterial 

hypertension, ischaemic heart diseases, and diabetes mellitus, among others. (92)  

2.3.3.2 Ischaemic BRVO 

No studies were found to provide information on risk factors for iBRVO and non-

iBRVO separately. 

2.3.4   Aetiology 

The aetiology of iRVO has not been fully elucidated. It is unclear as to why some 

patients with RVO develop retinal ischaemia, whereas others do not.  Similarly, the 

factors determining the extension (size) and location of the area of retinal ischaemia, 

if present, are not fully determined.  Therefore, much more research is necessitated to 

better understand the pathogenesis of retinal ischaemia in RVO. 

A study conducted by Lahiri et al. compared the levels of plasma homocysteine 

in adult age ≥ 50 years old affected with iCRVO (n=108) (defined by Hayreh’s 

morphological criteria described in section 2.3.1. Definitions, above), with non-

iCRVO (n=144) and age and sex matched healthy controls. (106) Homocysteine level 

was found to increase significantly in patients with iCRVO in comparison to that in 

non-iCRVO patients and control subjects. (106) Other reported potential associations 
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include deficiencies of the coagulation inhibitor proteins C and S and antithrombin 

III, whereas the role of reduced levels of Factor XII remains contentious, with some 

studies suggesting an association while others do not. (107-110) 

2.3.5   Pathogenesis 

The pathogenesis of iRVO is complex and remains poorly understood. Only few 

studies have looked at the pathogenic mechanisms of ischaemia secondary to RVO, 

and their findings are summarised below. 

2.3.5.1 Macular oedema 

Macular oedema refers to a complication of both ischaemic and non-ischaemic forms 

of RVO. (17,18,32,33,111)  Increased levels of serum albumin in the aqueous humour have 

been detected in iCRVO, reflecting the breakdown of the blood retinal barrier (BRB). 

(112) It has been suggested that intracellular retinal oedema plays a key role in the 

pathogenesis of ischaemic retinopathies, (113) although this has not been extensively 

studied for iRVO and remains less well understood.  In this regard, Muller cells are 

likely to be implicated in the pathogenesis of iRVO. (113) Muller cells normally 

transport water and salt from extracellular spaces into the retinal capillaries of the 

inner retina. In an experimental study wherein BRVO was induced in rats, a decrease 

in potassium currents and an altered distribution of water channels, namely the Kir4.1 

protein, were observed in Muller cells, which led to an increased size of their soma 

and cellular swelling under hypo-osmotic stress, thus altering their function. (114)  

2.3.5.2 Capillary non-perfusion 

The capillary perfusion depends on the pressure difference between the 

artery/arteriole and the vein/venule proximal and distal to the capillary network 

respectively. When the pressure difference decreases, the capillary perfusion also 
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decreases. (115) This results in retinal ischaemia and hypoxia as insufficient oxygen 

reaches the retina. Carbon dioxide and other metabolites cannot be adequately washed 

out and accumulate in the affected part of the retina causing cell damage. Ischaemia in 

CRVO is often more severe than in BRVO, as the area of the retina affected is more 

extensive in the former than the latter.  Not all patients with RVO, however, develop 

retinal ischaemia and the extension of the area of ischaemia can vary considerably in 

those that do. The reasons for this remain poorly understood. (4,5,116) In humans, it has 

been postulated that blood is normally shunted between the collaterals of arterioles 

and venules in the far peripheral arcades. It is believed that these peripheral arcades 

are poorly perfused, given that they require high perfusion pressure to push blood 

through them, thereby making the peripheral retina more sensitive to changes in blood 

flow. (117)    

2.3.5.3 Cell damage 

Retinal hypoxia secondary to RVO causes loss of retinal capillary pericytes and 

damage to mural endothelial cells, which leads to their apoptosis and capillary 

degeneration, as reported in experimental studies on BRVO. (118-122) Ischaemia 

damages the different layers of the neurosensory retina, causing them to lose their 

transparency and resulting in visual loss. Ischaemia leads to cell death, by necrosis 

and/or apoptosis, of ganglion, amacrine, bipolar, and Muller cells and loss of their 

function, as demonstrated in animal studies. (120,123-127)  

Although photoreceptors receive their blood supply chiefly from the choroid, 

photoreceptor cell loss/damage may occur in patients with macular oedema secondary 

to RVO. It is noteworthy that the damage may persist even after resolution of the 

oedema.  This has been documented using OCT in eyes with BRVO in which the 

perfusion status was not determined (128-130) and in eyes with ischaemic and non-
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ischaemic CRVO. (130,131) Similar findings were observed in an experimental study on 

monkeys wherein RVO was induced by laser photocoagulation, in which loss of 

photoreceptors was detected distal to the site of the occlusion in histopathological 

studies of eyes enucleated 48 months after RVO induction (132) (See Chapter III on 

experimental animal models, for details). An association between the integrity of 

foveal photoreceptors and the final visual acuity, after resolution of the macular 

oedema, has been reported. (128-131) The mechanism of photoreceptor cell loss in iRVO 

is still unclear.  

The ganglion cell layer (GCL) and nerve fibre layer (NFL) of the retina, 

sensitive to acute and mild hypoxic distress, are believed to be the first layers affected 

in iRVO, which are lost in severely ischaemic cases. (133-135) Experimental studies 

showed that the damage caused to the inner retinal layers may occur within one to 

three weeks following occlusion. (133,136) Both apoptotic and necrotic changes have 

been reported in ganglion cells in experimental models of iCRVO and iBRVO. (133,136) 

In the case of CRVO, GCL loss is significant in both central and peripheral retina, 

whilst in BRVO, GCL loss is significant only in the peripheral retina. (133) The reason 

behind this characteristic pattern remains ambiguous. (133)   

Clinical studies suggest that, regardless of the duration of iBRVO, GCL and 

NFL display significant thinning when the disease is present. (135,137) In this regard, Lu 

and Zang (138) studied the effects of retinal ischaemia on retinal NFL in 53 patients 

with RVO [CRVO=20, HCRVO (no definition given) =4, and BRVO=29).  The 

definition used for ischaemic CRVO was proposed by Hayreh et al. (54) NFL defects 

were found in ~76% of patients. They were significantly more severe in eyes with 

cotton wool spots and capillary non-perfusion, as well as in ischaemic eyes than in 

non-ischaemic eyes. (138) 
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2.3.5.4 Collateral vessels and neovascularisation 

Excessive amounts of Vascular Endothelial Growth Factor (VEGF) (see below) 

secondary to iRVO appear to play a major role in vascular remodelling and the 

development of collateral vessels and neovascularisation. (112,139-141) Collateral vessels 

develop in eyes with RVO as a compensatory response to venous occlusion. (115,142-148) 

Neovascularisation is a characteristic feature of iRVO, which often leads to visual 

threatening complications, including neovascular glaucoma, vitreous haemorrhage, 

and tractional retinal detachment. (1,7,149-152) Aqueous and vitreous VEGF 

concentration have been reported to be significantly higher in iRVO than that in non-

iRVO. (153-156) VEGF levels of 849-1569 pg/ml have been associated with the 

presence of neovascularisation in iCRVO (normal values are estimated to be ~550 

pg/ml). (112)   

2.3.5.5 Biochemical factors 

Many inflammatory, angiogenic, and hypoxia-induced factors are produced and 

released in response to retinal ischaemia, thus resulting in further retinal damage. 

These factors have been detected in vitreous, aqueous and/or serum and are believed 

to play a major role in the complications related to RVO (summarised below).  

1) Vascular endothelial growth factor (VEGF) 

VEGF is the most studied cytokine in the pathogenesis of iRVO (112,139-141) and is 

currently a therapeutic target of RVO treatments. (9,10,13,24,32,33,58,73,74,111,157-159) VEGF 

is an inflammatory, angiogenic and permeability factor produced by many cells, 

including vascular endothelial cells, pericytes, retinal pigment epithelium (RPE), 

Muller cells, astrocytes, and retinal ganglion cells. (160) Excessive production of VEGF 

secondary to iRVO not only further increases vascular permeability, it also 

exacerbates retinal and macular oedema. VEGF, along with other cytokines, leads to 
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heightened adhesion of leukocytes to the vascular walls worsening blood flow and 

retinal ischaemia. (161,162)  High levels of VEGF and IL-6 (interleukin-6) correlated 

with both the severity of macular oedema and the extent of retinal ischaemia in 

patients with CRVO and BRVO [Reviewed by Karia, 2010]. (162) 

2) Other factors 

Other factors including Intercellular Adhesion Molecule-1 (ICAM-1), Monocyte 

Chemotactic Protien-1 (MCP-1), basic Fibroblast Growth Factor (bFGF), Interleukin 

6 , 8 & 1β (IL-6, IL-8 & IL-1β), Erythropoietin (EPO), Tumor Necrosis Factor-α 

(TNF-α), Placental Growth Factor (PGF), transforming growth factor (TGF)-beta1, 

matrix metalloproteinases (MMP)-2 and -9 and serum amyloid A (SAA), Nitric Oxide 

(NO) among others, have been reported also to play a role in the pathogenesis of the 

ischaemic form of RVO as well as the associated neuronal cell death occurring within 

the retina. (153,161,163-175) In addition, fibrinogen to albumin ratio was found to be 

significantly higher in patients with iCRVO and iBRVO than non-iCRVO and non-

iBRVO. (176) 

Although insight has been gained over the years, further research is still needed to 

help us understand why the dropout of retinal capillaries occurs in some but not all 

eyes affected with RVO, as well as which factors determine the size of ischaemia/ 

capillary loss. Deepening our understanding on the manner in which the different 

types of neuronal and non-neuronal cells in the retina, including RPE, react to 

ischaemia secondary to RVO and, crucially, how long it takes for the ischaemic insult 

to cause permanent and irreversible damage beyond which therapeutic intervention 

may not be beneficial, should be sought. Animal models of RVO are available to 

study its pathogenesis. These models have been used to improve the understanding of 
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this condition and have demonstrated their value on this regard. (177) (See Chapter III, 

for more details on experimental animal models of RVO). 

2.3.6   Clinical findings  

In general, visual impairment is more severe in iRVO than in non-iRVO and more 

severe in iCRVO than in iBRVO. (1,3,7,178) The visual acuity is usually ≤20/200 (6/60) 

Snellen (~35 ETDRS letters) in iCRVO (1,7,178) [85% of patients with iCRVO have 

vision of ≤ 20/200 Snellen at presentation]. (7) A study conducted by Hayreh et al 

showed that a visual acuity of ≤6/120 (20/400) Snellen (~20 ETDRS letters) at 

presentation has the highest sensitivity (91-100%) and specificity (78-88%) as a cut-

off point of visual acuity for the differentiation between iCRVO and non-iCRVO. (54) 

The Central Vein Occlusion study group (CVOS) reported that the median visual 

acuity in patients with iCRVO at baseline was 6/120 (20/400) Snellen (~20 ETDRS 

letters) with 79% of iCRVO having visual acuity of ≤6/38 (20/125) Snellen (~45 

ETDRS letters). (5)  In HCRVO, visual acuity at presentation was ≤6/12 (20/40) 

Snellen (~70 ETDRS letters) in all eyes (10/10) with ischaemic HCRVO as compared 

to 47% (27/57) of eyes with non-ischaemic cases. (70) In iBRVO, visual acuity is 

≤6/24 (20/70) Snellen (~55 ETDRS letters) in ~35% of cases (4) and ≤6/18 (20/60) 

Snellen (~60 ETDRS letters) in ~82-89% of cases of ischaemic macular BRVO (43,56) 

(see 2.3.8. Natural history section, below). It is notable that visual acuity at baseline is 

believed to be one of the most important prognostic factors in patients with RVO, 

with better final visual acuity in patients with better visual acuity at presentation. (179) 

In general, findings on fundus examination are similar in iRVO and non-

iRVO, but often more prominent in iRVO. Specifically, the ischaemic form of RVO 

can demonstrate cotton wool spots, which reflect focal infarcts within the nerve fibre 
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layer and anterior or posterior segment neovascularisation in more advanced stages. 

(1,3,6,138)   

Marked and extensive intraretinal haemorrhage are particularly suggestive of 

the presence of iRVO. In the case of iCRVO, retinal haemorrhage and other fundus 

findings involve the entire retina. It has been reported that the presence of 

haemorrhages in more than one-fourth of the posterior retina has 81-84% sensitivity 

and 72-74% specificity for detecting iCRVO. (54) 

 Neovascularisation secondary to iCRVO can develop in the iris, angle, optic 

nerve head, or retina. (151) In the case of iCRVO, the neovascularisation is more 

common in the anterior segment, which can be observed using slit lamp and 

gonioscopic examination (151) than in the posterior segment (see section 2.3.8. Natural 

history, below). The development of vitreous haemorrhage and neovascular glaucoma 

is also possible. The incidence of neovascular glaucoma in eyes with pre-existing 

glaucoma was found to be significantly higher in CRVO patients with intraocular 

pressure greater than 20 mmHg at presentation, as well as in patients with iCRVO as 

compared to those with non-iCRVO. (180)  

Optic disc oedema in iCRVO is more marked and takes longer to resolve than 

in non-iCRVO. (181)  Moreover, macular oedema is often more severe in iCRVO than 

in non-iCRVO (181) and macular RPE degeneration, serous macular detachment and 

retinal peri-venous sheathing develop also more commonly in iCRVO. (181)  

Optociliary vessels have been reported in about 30% of patients with CRVO without a 

statistically significant difference between ischaemic and non-ischaemic forms. (60) 

In iBRVO, the retinal haemorrhage and other fundus findings are confined to 

the affected retinal quadrant or macula. (3,182)  Unlike iCRVO, neovascularisation in 
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iBRVO involves the posterior segment, retina and optic nerve head, more commonly 

than the anterior segment, iris and anterior chamber angle (151) (see section 2.3.8. 

Natural history, below).  Neovascular complications can be detected by clinical 

examination and with the help of ancillary studies in patients with iBRVO (see 

section 2.3.7. Findings on ancillary studies, below) 

2.3.7   Findings on ancillary studies 

Ancillary studies, including functional, anatomical (structural) examinations and 

quality of life assessment or patient reported outcomes (PROs) can be undertaken for 

the investigation of patients with iRVO.  Some of these studies are routinely used in 

clinical practice, such as FFA and spectral domain – optical coherence tomography 

(SD-OCT), whereas others, although widely used for the purpose of research, such as 

visual fields, microperimetry, electroretinography, oximetry, flowmetry, ocular 

surface temperature, ophthalmodynamometry, and PROs are not commonly 

performed in the clinical setting to assess patients with RVO. This may be attributed 

to their impracticality, being time consuming, needing more patient cooperation and 

fixation, requiring specifically trained technical staff to obtain them or due to their 

unavailability, high cost, insufficient value to guide patient’s care, and/or 

underestimation of their usefulness.  It may be attributed also to the lack of evidence 

through robust diagnostic/ prognostic accuracy studies evaluating and comparing 

these different technologies and providing information on cost-effectiveness and 

patient acceptability and preference, which, if available, would guide clinical practice, 

although this ideal level of evidence is unavailable for any of the diagnostic 

technologies used. Values obtained using some of these diagnostic tests that have 

been suggested to aid in the differentiation between ischaemic and non-ischaemic 

RVO have been summarised in Table 2 and Table 3.  
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Table 2 Suggested parameters on functional diagnostic/ prognostic modalities to differentiate 

between iCRVO and non-iCRVO 

Diagnostic 

modality  

Parameter Findings Study 

Visual acuity ≤6/120 Sensitivity 91-100% 

Specificity 78-88% 

Hayreh et al., 1990 (54) 

≤6/60 85% of patients with iCRVO have visual 

acuity ≤6/60 

Hayreh et al., 2011 (7) 

Visual field  

Goldmann 

perimetry 

 

I2e defect 

 

Sensitivity 94-100% 

Specificity 67-78% 

Hayreh et al., 1990 (54) 

I4e defect 

 

Sensitivity 92% 

Specificity 87% 

V4e defect 

 

Sensitivity 71-82% 

Specificity 83-88% 

Pupillary 

examination 

 

RAPD≥0.6 Log unit Sensitivity 83% 

Specificity 70% 

Bloom et al., 1993 (183) 

RAPD ≥0.7 Log unit Sensitivity 88% 

Specificity 90% 

Hayreh et al., 1990 (54) 

PAPD ≥0.9 Log unit 

 

Sensitivity 80% 

Specificity 97% 

Hayreh et al 1990 (54) 

RAPD ≥1.2 Log Unit 

 

All eyes with ocular NV and/or 

extensive retinal CNP had RAPD  

of ≥ 1.2 log units ND 

Servias et al., 1986 (67) 

ERG 

 

 

Reduction of b-wave amplitude 

by > 60% of normal fellow eye 

(in photopic and scotopic 

ERG) 

Sensitivity 80-90% 

Specificity 71-80% 

Hayreh et al., 1990 (54) 

 

Reduction of b/a ratio by > 

60% of normal fellow eye 

(in photopic and scotopic 

ERG) 

Sensitivity 60-70% 

Specificity 70% 

b/a ratio=0.88 

in photopic ERG 

Sensitivity 87.5%  

Specificity 78% 

Williamson et al., 1997 
(50) 

b-wave amplitude=56µV 

in photopic ERG 

Sensitivity 87.5% 

Specificity 86% 

b-wave amplitude=76µV 

in photopic ERG 

Sensitivity 100% 

Specificity 66% 

Implicit time of >35 ms 

in 30 Hz flicker  

All patients with iCRVO had implicit 

time ≥35.0 ms 

Kjeka et al., 2013 (45) 

Implicit time of ≥37 ms  

in 30 Hz flicker  

 

75% of patients with an implicit time of 

>37 ms developed ocular NV during the 

follow-up period of one year compared 

to 7% of CRVO patients with an implicit 

time of ≤37 ms 

Hvarfner et al., 2003 
(44) 

Inter-ocular amplitude 

difference =23 μV 

in 30 Hz flicker 

Sensitivity 100% 

Specificity 100% 

Kuo et al., 2010 (46) 

Inter-ocular amplitude ratio of 

60% in 30 Hz flicker  

Sensitivity 100% 

Specificity 100% 

RAPD and ERG 

combined 

≥0.7 log unit RAPD and ≤60% 

b-wave amplitude 

Sensitivity 97-100% 

Specificity 71% 

Hayreh et al., 1990 (54) 

Ophthalmo-

dynamometry  

Central retinal venous pressure 

> diastolic central retinal 

arterial pressure 

All patients with iCRVO had central 

retinal venous pressure > diastolic 

central retinal arterial pressure 

McAllister et al., 2014; 

Jonas & Harder, 2007; 

Do et al., 2008  (184-186)  

 

ERG: electroretinography; RAPD: relative afferent pupillary defect; CNP: capillary non-perfusion; ND: neutral density; NV: 

neovascularisation; CRVO: central retinal vein occlusion; iCRVO: ischaemic Central retinal vein occlusion. 
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Table 3 Suggested parameters on structural diagnostic/ prognostic modalities to differentiate 

between iCRVO and non-iCRVO 

Diagnostic modality Parameter Finding Study 

Ophthalmoscopy Retinal haemorrhage ≥1/4 of 

posterior retina 

Sensitivity 81-84% 

Specificity 72-74% 

Hayreh et al., 2014 (187) 

FFA ≥10 DA of retinal CNP 

(ischaemic index≥50%) 

 

*93% of eyes with NVG 

secondary to iCRVO have 

ischaemic index ≥50% 

*91% of eyes with retina/disc NV 

secondary to iCRVO have 

ischaemic index ≥50% 

*33% and 45% of eyes with 

ischaemic index ≥50% developed 

NV in retina/disc and NVG, 

respectively 

 

Magargal et al., 1982 (59) 

10-29 DA of retinal CNP  16% of patients with iCRVO 

developed anterior segment NV 

 

CVOS, 1997 (5) 

≥75 DA of retinal CNP 52% of patients developed 

anterior segment NV 

Ischaemic index ≥45% on 

WA-FFA 

All patients with NV (any) had 

ischaemic index ≥45%.  

Tsui et al., 2011 (61) 

 Ischaemic index ≥35% on 

WA-FFA 

Sensitivity: 90% 

Specificity: 92.5% 

NV, RAPD or visual acuity of 

counting fingers or worse 

Thomas et al., 2019 
(62)

 

 

iCRVO: ischaemic central retinal vein occlusion; FFA: fundus fluorescein angiography; DA: disc areas; CNP: capillary non-

perfusion; NVG: Neovascular glaucoma; NV: neovascularisation; WA-FFA: wide-angle fundus fluorescein angiography. 

 

 

2.3.7.1 Functional tests 

1) Visual fields 

Assessment of visual fields for peripheral retinal function using perimetry has been 

suggested to be a helpful tool in differentiating between iCRVO and non-iCRVO. (54) 

With the Goldmann perimeter and I-2e, I-4e, and V-4e stimuli (where the Roman 

numeral represents the Goldmann size of the stimulus and the Arabic number and the 

letter indicates the attenuation of the light). Visual field defects were described in the 

majority of iCRVO patients. (54) These defects were detected with the I-2e stimulus in 

100% of patients with iCRVO, with the I-4-e in 96-100% and with the V-4e in 71-

82% during the first year of the disease. Contrastingly, I-4e and V-4e stimuli visual 

field defects were present in 54-78%, 38-48% and 12-17% of eyes with non-iCRVO 
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using I-2e. (54) The sensitivity and specificity of identifying iCRVO with the I-2e 

stimulus was 92% and 72%, respectively. The sensitivity and specificity of detecting 

iCRVO with the I-4e stimulus was 95% and 84%, respectively, and 81% and 79%, 

respectively, for the V-4e. (54) Significant differences between iCRVO and non-

iCRVO were observed throughout the entire first year following diagnosis. (54) 

Automated perimetry, which is the standard test currently used in clinical practice (the 

use of Goldman perimetry has been abandoned in most eye clinics), has not been used 

for differentiating between iCRVO and non-iCRVO.   

In eyes with macular BRVO, central visual field defects are often detected. 

Major BRVO presents with a peripheral field defect corresponding to the affected 

retinal quadrant. (188) The visual field defects on central 10-2 Humphrey perimetry are 

found to be more prominent in cases of iBRVO than in non-iBRVO and can become 

absolute scotomas in long-standing iBRVO. (188)  

Visual field testing is relatively time consuming and requires patients’ 

cooperation and adequate fixation, which may be difficult for individuals with poor 

vision. In turn, this makes it impractical to test all patients with RVO.  Visual field 

testing is not commonly used for the evaluation of patients with RVO in the clinical 

setting and should not be recommended with the goal of differentiating between 

ischaemic and non-ischaemic forms. 

2) Microperimetry/ Macular sensitivity 

Unlike visual acuity, which only assesses the function of the fovea, microperimetry 

evaluates the function of the entire macular region and, on this basis, it could 

potentially provide important information about the evaluation of patients with iRVO.  
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Noma et al compared macular sensitivity in patients with iCRVO (n=6) and 

non-iCRVO (n=4) and found that mean macular sensitivity was lower in iCRVO 

when compared with non-iCRVO, with mean sensitivity values of 0 dB at 4°, 1 dB at 

10° and 2 dB at 20° in iCRVO when compared with 8.25 dB at 4°, 12 dB at 10° and 

13 dB at 20° in non-iCRVO. (36)  In a study including 41 consecutive patients with 

unilateral BRVO, the mean macular sensitivity within the 10° and 20° fields was 

found to be significantly correlated with the area of non-perfusion as observed on 

FFA, with higher macular sensitivity in eyes with smaller areas of non-perfusion. (189) 

Correspondingly, in another study by Rodolfo et al. which included 20 patients with 

CRVO and 40 with BRVO, macular sensitivity at 8o was found to be significantly 

influenced by the presence of macular ischaemia, with lower sensitivity in patients 

with macular ischaemia when compared to those with no macular ischaemia on FFA. 

(190) 

Microperimetry may be a useful tool to assess macular sensitivity following 

treatments of macular oedema secondary to RVO. (191,192)  In a study including 23 

patients with macular oedema secondary to RVO, Noma and colleagues found that 

although at baseline there was a statistically significant lower macular sensitivity 

within the central 4°, 10° and 20° fields in eyes with iRVO when compared with those 

with non-iRVO, higher recovery was observed in iRVO eyes following treatment with 

pars plana vitrectomy. (191)  

Currently, there is paucity of data in extant literature demonstrating the value 

of microperimetry as diagnostic or prognostic test for the evaluation of patients with 

iCRVO and iBRVO; thus, it would not be required routinely for the clinical 

evaluation of patients with RVO. Furthermore, it does not capture peripheral or even 

mid-peripheral retinal function. 
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3) Pupillary examination 

Pupillary examination, specifically the presence of a RAPD, appears to be extremely 

helpful in differentiating between iCRVO and non-iCRVO; the presence of a RAPD 

points to the diagnosis of iCRVO. (54,55,67,183,193)(267)  

It was found that the mean RAPD value in non-iCRVO was 0.24 ± SD 0.36 

log units of neutral density filter, whilst that in iCRVO was 1.44±0.64 log units. (54) 

The comparison between iCRVO and non-iCRVO showed a statistically significant 

difference. (54)  According to a study by Servais et al., all eyes with ocular 

neovascularisation and/or extensive capillary non-perfusion had a RAPD of ≥ 1.2 log 

units using neutral density filters, while none had a RAPD of <0.6 log units. (67) A 

RAPD of ≥ 0.70 log units, when using a neutral density filter  as a cut-off, provided a 

sensitivity of 88% and specificity of 90% to diagnose iCRVO and a RAPD ≥ 0.9 log 

units provided a sensitivity and specificity of 80% and 97%, respectively. (54) A 

different study reported that a RAPD of ≥0.6 log units had a sensitivity of 83% and 

specificity of 70% for identifying patients with iris neovascularisation. (183) 

As summarised above, pupillary examination is appears to be a very useful 

test to differentiate between iCRVO and non-iCRVO.  This test is non-invasive, cheap 

(the neutral density filters can be purchased for ~$60), easy to undertake, gives 

reliable information even in the presence of hazy media, may recognise the disease 

(iCRVO) at an early stage (within days of onset), and is reported to be positive 

throughout the course of the disease. (54,55) However, the test requires a normal optic 

nerve and pupil in the fellow eye and, in the presence of a large central scotoma, a 

RAPD may be present even in the absence of iCRVO. (54) Despite the aforementioned 

advantages, testing for RAPD does not seem to be used routinely in the evaluation of 

patients with CRVO in clinical practice.  Since the test would help identify patients 



Chapter II: Ischaemic retinal vein occlusion: A systematic review 

105 

 

with the ischaemic form of the disease, its routine use should be promoted for those 

who are at higher risk of visual loss as well as development of severe complications.    

4) Electroretinography 

Findings on full-field ERG have been used to define iCRVO in many studies and have 

been shown to be a good tool to differentiate between iCRVO and non-iCRVO, as 

well as to predict the risk of iris neovascularisation and neovascular glaucoma (45,47-

50,54,64,66,194-199) (see section 2.3.1. Definitions, above).  

It has been reported that the implicit times of the 30 Hz-flicker ERG are 

significantly correlated with the degree of retinal capillary non-perfusion in eyes with 

CRVO. (45,47,64,196,199)  In a study including 74 patients with CRVO, Hvarfner and 

associates reported that 75% of those with an implicit time of >37 ms of the 30Hz 

flicker ERG developed neovascular complications during a follow-up period of one 

year when compared to 7% of CRVO patients with an implicit time of ≤37 ms. (65)  

Similarly, Kjeka and colleagues (45) found the mean implicit time of the 30 Hz flicker 

ERG in patients with iCRVO at baseline to be 39.8 ms (range 35.0-43.9) and 

suggested a cut-off point of ≥35 to define iCRVO. (45)  Kuo et al. (46) retrospectively 

studied 30 Hz flicker ERGs in iCRVO (n=11) and non-iCRVO (n=11), reporting that 

in iCRVO, the mean amplitude was 24μV (± 15μV SD) in affected eyes and 94 μV (± 

38 μV SD) in fellow eyes, while in non-iCRVO, the mean amplitude was 79 μV (± 25 

μV SD) in affected eyes and 81 μV (± 18 μV SD) in fellow eyes. (46) This study 

demonstrated that an inter-ocular amplitude difference of 23 μV and an inter-ocular 

amplitude ratio of 60% were appropriate cut-off points to differentiate ischaemic from 

non-ischaemic CRVO with a sensitivity and specificity of 100% for each of these 

measures (46) (Table 2). 
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In iCRVO, it was found that the b-wave amplitude and the b:a ratio are 

reduced by >60%, when compared to unaffected fellow eye. (54) Hayreh et al. found 

that, for both, photopic and scotopic ERG, the b-wave amplitude had a sensitivity of 

80-90% and a specificity of 70-80%, whereas the b:a amplitude ratio a sensitivity of 

60-70% and a specificity of 70% during the early acute phase (59% of cases evaluated 

within the first three months from onset) for the diagnosis of iCRVO. (54) Williamson 

et al. (50) found that the b:a ratio of the photopic ERG appeared to be the best predictor 

of iris neovascularisation in patients with CRVO with a sensitivity of 87.5% and 

specificity of 78% (Table 2). It was also reported that a photopic b-wave amplitude of 

56 µV gives a sensitivity of 87.5% and specificity of 86% to discriminate patients at 

risk of iris neovascularisation, while 76 µV gives a sensitivity of 100% and specificity 

of 66%. (50)   

Serial full-field ERG testing, which was obtained within less than 24 hours 

after the onset of symptoms and every second to third day during the first three weeks 

of follow-up and during a period of six months, showed that the ERG in patients with 

CRVO changes over time and is unstable during the first three weeks.  As a result, it 

was recommended that the optimal time to perform ERG to forecast the development 

of iris neovascularisation in patients with CRVO is after three weeks from the onset of 

symptoms. (200)  

Comparison between FFA (≥10 DA of capillary non-perfusion) and full field 

ERG (b-wave implicit time in the 30 Hz-flicker ERG >37 ms) in 32 patients with 

CRVO who were followed for at least one year showed that iris neovascularisation 

could be predicted in 82% of patients using FFA, but in as high a proportion as 94% 

using full field ERG. (201)  
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In a prospective cohort study, which included 25 consecutive patients with 

HCRVO, six (24%) developed retinal/disc neovascularisation 3-12 months following 

RVO onset. (197) The mean photopic b-wave implicit time (±SD) was 37.7±1.3 ms 

(range: 36.4-39ms) in people that developed neovascularisation as compared with 

34.0±4.6 ms (range 31.8-36.2) in those that did not. (197) This study did not classify 

patients into ischaemic and non-ischaemic forms. (197) 

A study conducted in 62 patients with cystoid macular oedema secondary to 

BRVO found that the implicit time of the photopic ERG’s photopic negative response 

(a negative going wave following b-wave photobic ERG driven by retinal ganglion 

cells) was significantly correlated with the area of non-perfused retina (mean 44.3±SD 

3.2 ms in BRVO vs mean 41.9± SD 2.2 ms in unaffected fellow eye). (202) However, 

no significant correlation was found between other photopic full field ERG 

parameters and the area of non-perfusion. (202)  

Multifocal ERG has been used also in the evaluation of patients with RVO 

demonstrating local macular retinal dysfunction. (194,203)  The implicit times of the 

multifocal ERG are prolonged in ischaemic macular BRVO (which was defined by a 

break of ≥50% of perifoveal capillaries on FFA) (n=13) (31 ± SD 2 ms) as compared 

to the non-ischaemic form (n=12) (29 ± SD 2 ms) (194) and the amplitudes are reduced 

(ischaemic macular BRVO 10 ± SD 6 nv in comparison to non-ischaemic cases 19 ± 

13 nv). (194) Similar findings were observed by Abdel-Kader et al. (7) in which macular 

ischaemia was defined by the presence of a broken perifoveal ring. Clear cut-off 

values in any of the parameters of the multifocal ERG which could be used clinically 

to differentiate between iBRVO and non-iBRVO are not available.   
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Full field ERG is a non-invasive diagnostic technology that, as summarised 

above, appears to be very informative in the evaluation of patients with RVO to 

distinguish those with iCRVO at higher risk of developing neovascular complications.  

However, ff- ERG (as mentioned in chapter I, section 1.5.6 Electroretinography) is 

time consuming and requires equipment as well as trained staff which can undertake 

and interpret its results. It is probably for these reasons that full field ERG is not 

obtained routinely in clinical practice for the evaluation of patients with RVO.   

5) Retinal oximetry 

Few studies have been conducted evaluating the oxygen saturation in retinal vessels 

using oximetry. This test has been suggested to be of value in the assessment of 

patients with RVO.   

A study by Senova et al. (204) investigated the correlation between ischaemic 

index on WA-FFA and arterial and venous oxygen saturation in the retina as well as 

the arterio-venous difference (A-V O2). This study included 23 eyes with CRVO 

(average ischaemic index= 54%) and 20 eyes with BRVO (average ischaemic index= 

48%). A statistically significant association was shown between ischaemic index and 

venous oxygen saturation (negative correlation) as well as arterio- venous difference 

in eyes with CRVO (positive correlation). However, with the study did not find any 

such association in eyes with BRVO. (204) 

  It has been shown that in eyes with CRVO, the oxygen saturation in the retinal 

venules is lower than that in fellow unaffected eyes, (205,206) whereas it is similar to or 

even higher in retinal arterioles. (206) Specifically, in case of iCRVO, the oxygen 

saturation within the central retinal vein appears to be significantly lower (<40%) than 

that in healthy eyes (60-70%). (207)   
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In a prospective controlled interventional study, oxygen partial pressure (PO2) 

was measured in patients with iCRVO (n=6) as well as in those with macular hole or 

epiretinal membrane (n=6), which were used as controls. (208) It was found that in 

iCRVO, the mean pre-retinal and mid vitreous cavity PO2 was lower (8.1 ± SD 3.5 

mmHg and 19.8 ± SD7.3 mmHg, respectively) than that in controls (15.0 ± SD 5.7 

mmHg and 33.7 ± 12.8 mmHg, respectively). (208) 

Oximetry was used to evaluate the response to therapy in RVO (e.g. following 

anti-VEGF treatment and vitrectomy). (208-210)  Oxygen saturation in retinal veins of 

non-iCRVO eyes was found to improve to levels which are closer to normal values 

after anti VEGF treatment; this increase was associated with improved visual acuity 

and reduction in macular oedema. (209)  No studies were identified which evaluated 

oxygen saturation in retinal arteries and veins in eyes with iCRVO following 

treatment.   

Oxygen saturation in BRVO appears to be highly variable in both iBRVO and 

non-iBRVO, which may reflect the severity of disease, degree of venous occlusion, 

recanalisation, collateral vessels, tissue atrophy, arteriovenous diffusion, or vitreal 

transport of oxygen. (211,212)  

Further studies, specifically longitudinal cohort studies, are required to better 

understand the correlation between changes in oxygen saturation in retinal blood 

vessels, and disease severity/prognosis.  In particular, prospective longitudinal studies 

evaluating the ability of oximetry to identify patients with iRVO at risk of developing 

neovascular complications, as well as changes in oxygen saturation occurring 

following treatment, which may forecast a long-term treatment response and 

improved outcomes, would be beneficial. 
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6) Retinal blood flow 

Retinal blood flow can be estimated using various technologies, including colour 

Doppler imaging (CDI), laser doppler flowmetry and doppler fourier-domain optical 

coherence tomography (OCT). (31,53,213-218) Measures of blood flow have been 

suggested to be helpful in evaluating the severity of RVO and differentiating between 

iCRVO and non-iCRVO, (31,214) although the usefulness of this technology to establish 

this differentiation currently remains controversial. (53,216-218)  

Venous flow velocities were found to be significantly lower in iCRVO than in 

non-iCRVO. (214,216,217)  Tranquart et al. reported that means of minimum and 

maximum venous flow velocities using CDI were statistically significantly lower in 

iCRVO (n=18) (1.83 ± SD 0.94 and 2.94 ± SD 1.34 cm/s, respectively), than in non-

iCRVO (n=50) (2.28 ± SD 0.73 and 3.66 ± SD 1.19 cm/s, respectively). (216) Using 

CDI, a brief decrease in arterial diastolic velocity was measured in patients presenting 

with iCRVO, which, in turn, correlated with arteriovenous passage time on FFA. (214) 

The impairment in venous blood flow velocity in CRVO was found to be persistent 

whereas the changes in the arterial velocity recovered rapidly. (214)  Using a confocal 

scanning laser doppler flowmeter, Arvas et al. (31) found that the blood flow of the 

supero-temporal retina (one of the areas selected for the measures of blood flow) was 

statistically significantly lower in patients with iCRVO (n=12) than in fellow eyes or 

eyes of healthy volunteers, whereas it was not found to be significantly different at the 

macula. (31) 

A study which included 10 patients with ischaemic macular BRVO found a 

statistically significant reduction in the overall retinal blood flow when compared 

with healthy controls, as measured using the Heidelberg retinal flowmeter (HRF), in 

most patients tested (n=7). (215)  Other studies, including patients with iBRVO and 
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non-iBRVO, failed to identify differences in blood flow between RVO and fellow 

unaffected eyes; however, these studies did not provide separate data for iBRVO and 

non-iBRVO. (214,216) 

Currently, literature is still scarce on the potential benefits of using measures 

of retinal blood flow in the evaluation of patients with iRVO.  Since its value is yet to 

be demonstrated as well as due to lack of availability of the instrumentation required 

in most eye clinics, measures of retinal blood flow would not be recommended for the 

clinical evaluation of patients with RVO.   

7) Ocular surface temperature 

Although ocular surface temperature (OST) is affected by many factors, such as body 

and environmental temperature, its usefulness has been suggested to assess the 

severity of CRVO, as a potentially good indicator of blood flow in the posterior 

segment. (219) In a study including 36 patients with CRVO it was found that the mean 

OST at the centre of cornea in iCRVO (n=9) was statistically significantly lower 

(mean 34.7± SD 0.66) than in non-iCRVO (n=27) (mean 35.3± SD 0.50). (219) OST 

has not been used to evaluate BRVO.  Given that this study included only a small 

number of patients and results have not been confirmed by other studies, the value of 

OST in the evaluation of patients with RVO remains ambiguous. 

8) Ophthalmodynamometry 

It has been suggested that ophthalmodynamometry can be used to differentiate 

iCRVO from non-iCRVO. (184,185,220)  McAllister et al. (184) studied 88 patients with 

iCRVO and found an association between elevated central venous pressure and low 

visual acuity, reduced retinal blood flow, larger area of capillary non-perfusion and 

incidence of rubeosis iridis. (184) In a study carried out by Jonas (220) which included 15 
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patients with CRVO and four patients with BRVO, the central retinal vein collapse 

pressure was, on average, 1.8 times greater in iCRVO (n=8) than in non-iCRVO 

(n=7). Central venous pressure was found to be significantly higher in iCRVO (103± 

SD 25.4 AU) (AU=arbitrary units) than in non-iCRVO (mean 58.1± SD 37.5 AU) and 

BRVO (mean 43.8±SD 25.5 AU), (220) whereas the pressure in the central retinal 

artery was significantly lower in iCRVO than in non-iCRVO. (220)  These results were 

replicated in another study which included 28 patients with CRVO (7 with iCRVO 

and 21 with non-iCRVO), demonstrating that central retinal venous pressure was 

statistically significantly higher in iCRVO than in non-iCRVO (mean 91.5 ± SD 30.1 

AU vs 52.4 ± SD 32.5 AU). (185) Central retinal venous pressure meanwhile was 

higher than the diastolic central retinal arterial pressure more frequently in iCRVO 

(7/7 or 100%) than in non-iCRVO (8/21 or 38%). (185) Similarly, central retinal 

arterial pressure was significantly lower in iCRVO (46.0 ± 10.6 AU) than in non-

iCRVO (64.5 ± 22.8 AU). (185) The finding of higher pressure in the central retinal 

vein in comparison to the diastolic pressure of the central retinal artery appears to be 

characteristic of the ischaemic form of CRVO and could potentially be used to 

establish this diagnosis. (184,185)  Furthermore, ophthalmodynamometry appears to be 

helpful in forecasting visual outcomes in patients with CRVO. (186)  Thus, in a study 

which included 73 patients with CRVO, a high venous collapse pressure (VCP) in the 

central retinal vein of 100 gm or greater and a VCP greater than the arterial collapse 

pressure (ACP) appeared to be predictive of a worse visual outcome. (186)   

The above studies suggest that ophthalmodynamometry aids in the 

differentiation between iCRVO and non-iCRVO and provides prognostic information.  

However, this test does not form part of the routine clinical evaluation of patients with 

RVO.   



Chapter II: Ischaemic retinal vein occlusion: A systematic review 

113 

 

2.3.7.2 Anatomical (structural) tests 

1) Fluorescein angiography 

As discussed in section 2.3.1. Definitions (above), FFA is the most widely used test to 

establish the diagnosis of iRVO, in which areas of capillary non-perfusion can be 

detected.  (Figure 26 and Figure 27).   

 

 

Figure 26 FFA of ischaemic central retinal vein occlusion 

FFA obtained from the right eye of a patient with ischaemic central retinal vein occlusion.  Marked 

retinal capillary drop out is observed.  A relative preservation of the capillaries around the foveal 

avascular zone is, however, observed. 
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On the basis of FFA, more prominent leakage and retinal capillary dilatation 

are often observed in iCRVO and iBRVO than in the non-ischaemic forms. (43,116)  In 

RVO, diffuse hyperfluorescence is detected in the area affected by retinal oedema 

during the late phase of the FFA. (221) If there is no marked intra-retinal 

haemorrhaging, FFA will demonstrate capillary telangiectasis, dilated collateral 

vessels, and a petaloid pattern of hyperfluorescence from cystoid macular oedema, if 

these features are present. (221)  Marked hyperfluorescence will be seen at the site of 

new vessels in the retina and optic nerve head, with blurring of their margins during 

the late phases of FFA. (221) Hypofluorescence is present in areas of capillary non-

perfusion. (221) 

Most clinicians and researchers use the extent of the area of retinal capillary 

non-perfusion as the main determinant of the differentiation between ischaemic and 

non-ischaemic RVO, following the criteria provided by the CVOS and BVOS (i.e. ≥ 

10 DA of capillary non-perfusion = iCRVO and ≥ 5DA of capillary non-perfusion = 

iBRVO). (2,6) Apparently, the risk of developing neovascular complications, and thus, 

Figure 27 FFA of ischaemic branch retinal vein occlusion 

Fluorescein angiogram of a patient with ischaemic branch retinal vein occlusion (supero-temporal).  

Note marked macular and mid-peripheral retinal non-perfusion.  Breakdown of the perifoveal 

capillary network was noted (inset). 
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of having a more guarded prognosis, relates chiefly to the presence/extension of the 

area of retinal ischaemia.  It was reported that 16% of eyes with CRVO and area of 

retinal capillary non-perfusion on FFA of 10-29 DA developed anterior segment 

neovascularisation. This risk increased to 43% and 52% in eyes with ≥30 DA and ≥75 

DA of capillary non-perfusion, respectively. (5)  A study by Magargal and colleagues 

found that 33% and 45% of eyes with CRVO with an ischaemic index ≥50% (which 

corresponded to ≥10 DA in their study) developed retina/disc or neovascular 

glaucoma, respectively. (116)  In addition, it was found that 93% of eyes with 

neovascular glaucoma and 91% of eyes with retina/disc neovascularisation secondary 

to iCRVO had ischaemic indices of ≥50%. (116) 

Wide-angle FFA (WA-FFA) appears to be particularly helpful in the 

evaluation of patients with RVO given that this imaging technology allows for the 

visualisation of the peripheral retina, in addition to the macula and midperipheral 

retina, which is believed to be the first area affected by ischaemia in RVO. (133,222-224)  

To that end, a study by Wang et al. (225) evaluated the area of capillary non-perfusion 

and ischaemic index on central WA-FFA and compared it to montaged WA-FFA. 

This study did not find a statistically significant difference between central and 

montaged WA-FFA in calculating ischaemic index. However, it did show that there is 

a statistically significant association between baseline ischaemic index and baseline 

visual acuity. (225) 

Using WA-FFA, Tsui, et al. (61) studied 69 eyes with CRVO and correlated the 

ischaemic index (see section 2.3.1. Definitions, above) with the presence of 

neovascularisation. The mean (±SD) ischaemic index was 25% (± 26%). Eyes with 

neovascularisation had a mean ischaemic index of 75% (range, 47-100%) as 

compared to eyes without neovascularisation which had an ischaemic index of 6% 
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(range, 0-43%). (61) The average ischaemic index of eyes with anterior segment 

neovascularisation was 78% and the average ischaemic index of eyes with retinal 

neovascularisation was 72% (SD, 20% and range, 47–99%).  It was found that the 

ischaemic index significantly correlated with the presence of neovascularisation, and 

that eyes that had evidence of neovascularisation had an ischaemic index ≥45%. (61) 

Another study, by Thomas et al. (62) investigated 60 patients with CRVO using 

WA-FFA and found that eyes with ischaemic index of ≥ 35% are more likely to 

develop neovascularisation, RAPD, or visual acuity of counting fingers or worse 

during the first year of follow-up than those with ischaemic index of < 35%. 

Moreover, baseline and final visual acuity were worse in eyes with ischaemic index of 

≥ 35% despite similar baseline and final central subfield thickness (CST). This 

parameter’s sensitivity and specificity was reported to be 90% and 92.5%, 

respectively. (62)  

WA-FFA was used to evaluate the extent of retinal ischaemia in 12 out of 20 

patients with iCRVO included in RAVE).  In this study, iCRVO was defined by the 

presence of three out of four criteria: BCVA ≤20/200, loss of I-2e isopter on Goldman 

visual field, RAPD ≥0.9 log units and b-wave reduction to ≤60% of the corresponding 

a-wave.  The mean total field of gradable retina was 290 DA (range, 178–452 DA) 

with a mean area of retinal non-perfusion of 184 DA (range, 141-323 DA), which is 

approximately 63.4% of the total area of the retina. (226)   

Recently, stereographic projection software was introduced by Tan et al. to 

calculate the “anatomically correct" area of retinal non-perfusion as well as the total 

area of visible retina on WA-FFA in mm2. (222)  WA-FFA images cannot be mapped 

onto a flat surface without a resultant warp of the image. This is ascribed to the 



Chapter II: Ischaemic retinal vein occlusion: A systematic review 

117 

 

projection from three-dimensional (retina) to two-dimensional (retinal image) by 

preserving directionality from a central point. This method presents vascular 

landmarks accurately, albeit at the cost of increasing distortion of size and shape at 

the periphery.  Tan et al. used the stereographic projection software to determine the 

anatomically correct area of retinal non-perfusion and total area of visible retina in 

mm2 in 32 patients with RVO. The authors also determined how the former compared 

with the ‘uncorrected’ ISI, previously used in other studies. (222)  The ISI was 

determined by using the central FFA image (image centred in the macula) obtained 

with the Optos 200Tx (Optos, Dumfermline, UK), and by manually outlining areas of 

capillary non-perfusion and the total area of visible retina using the GRADOR 

software, which automatically provides the number of pixels within these established 

regions. The regions determined by the above method were then evaluated and 

‘corrected’ to determine the ‘anatomically correct’ area of retina on these using the 

stereographic projection software.  No statistically significant differences were found 

between the ‘uncorrected’ ISI (% of non-perfused retina from total area of retina 

measured) and the ‘corrected’ non-perfusion percentage.  The ‘corrected’ area of non-

perfusion measured in mm2 also correlated well with the ‘uncorrected’ ISI.  The 

median total area of visible retina was 690.6 mm2 and ranged from 559.4-797.7 mm2.   

WA-FFA was used in a study including 32 patients with RVO, 13 with CRVO 

and 19 with BRVO, (63) which showed that peripheral non-perfusion at baseline 

correlated with both baseline retinal thickness and the magnitude of reduction of 

oedema, on SD-OCT, following ranibizumab or dexamethasone treatment. (63) An 

area of non-perfusion of >10% of the total retina on WA-FFA in both CRVO and 

BRVO patients was found to be statistically significantly associated with worse 

macular oedema and worse visual acuity. (63)  
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WA-FFA appears to be an even more valuable tool than standard FFA to 

image retinal ischaemia in RVO, which is likely to detect it at earlier stages, and to 

predict the likelihood of development of complications. (61,63) It should be noted, 

however, that properly conducted diagnostic studies comparing these two diagnostic 

technologies (standard FFA and WA-FFA) for the evaluation of retinal ischaemia in 

RVO are unavailable.  However, since the availability of WA-FFA in clinics is 

increasing and that a larger extension of retina is imaged with this technology in 

comparison to the standard FFA, it would seem appropriate to incorporate its use for 

the evaluation of patients with RVO.  Using standard fundus cameras, it was reported 

that the detection of areas of capillary non-perfusion could be compromised by the 

presence of marked and extensive intra-retinal haemorrhages.  However, this is likely 

to be less of a problem now when using wide-angle scanning laser ophthalmic 

systems. If WA-FFA is obtained using scanning laser, the amount of fluorescein 

required to undertake this test is also reduced (good quality angiograms can be 

obtained with 1.5 ml of fluorescein, from a 5ml vial of 1g), which, in turn, would be 

expected to reduce the potential rare side effects of this test.  WA-FFA appears to be 

widely accepted for this purpose. (63,222,226,227) 

Iris fluorescein angiography has been used also for the evaluation of patients 

with RVO as well as for the differentiation between ischaemic and non-ischaemic 

forms.  In a study comparing patients with iCRVO (n=24) and non-iCRVO (n=24), it 

was found that all patients with iCRVO have dilation of the iris vessels and leakage 

regardless of the presence or absence of iris neovascularisation, while no or minimal 

changes in the iris vasculature were observed in non-iCRVO. (228) 
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2) Spectral domain optical coherence tomography 

SD-OCT is routinely used in clinical practice and has been used to evaluate changes 

in central retinal thickness in patients which were included in RVO trials (RAVE, 

COPERNICUS, GALILEO, VIBRANT, BRAVO, CRUISE, SCORE; more details on 

these studies can be found in section 2.3.9. Management and outcomes following the 

treatment, below). Central subfield thickness (CST) on SD-OCT is commonly used to 

determine the response to current therapies for macular oedema secondary to RVO. (9-

11,14,32,33,68,158,229)   

The mean CST on SD-OCT at baseline was reported to be statistically 

significantly higher in patients with iCRVO (n=203) (499.65 µm) when compared 

with those with iBRVO (n=354) (444.38 µm) in one study. Both iCRVO and iBRVO 

were defined by the presence of ≥ 5 DA of capillary non-perfusion. (173)   

In a retrospective study by Martinet et al (230), which included 53 consecutive 

patients with CRVO and in which macular ischaemia was defined as an enlarged 

foveal avascular zone (larger than 1000µm) or a broken perifoveal capillary ring, CST 

was greater in ischaemic macular RVO (mean 754µm, SD not provided) as compared 

to non-ischaemic macular RVO (mean 520µm, SD not provided).  Macular ischaemia 

was also associated with absent/incomplete IS/OS line on SD-OCT in 73% of eyes 

during the follow-up (mean follow-up 13 months and range 1-66 months) as well as 

with RPE atrophy or RPE fibrosis at last follow up. (230) Furthermore, a CST of 700 

µm or greater appeared to be associated with peripheral ischaemia, poor visual 

prognosis and irreversible damage to photoreceptors cells. (230)  Some of the patients 

included in this study (n=11) received panretinal or grid laser photocoagulation 

therapy, but none of them received intravitreal therapy. (230)  
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In a study on patients with BRVO, non-ischaemic maculae (n=13) (defined as 

the absence of any distinct area of capillary non-perfusion within one disc diameter of 

the centre of the fovea) had an early and more rapid decline in CST during a follow-

up of six months (and without intervention) when compared with ischaemic maculae 

(n=7) (defined as the presence of any distinct area of capillary non-perfusion within 

one disc diameter of the centre of the fovea). (231) The presence of a visible IS/OS and 

external limiting membrane (ELM) on SD-OCT, which indicates the integrity of the 

photoreceptor cell layer, was correlated with a more favourable visual prognosis in 

patients with BRVO. (232)   

SD-OCT provides an indication of damage/atrophy of photoreceptors as well 

as NFL, GCL, inner plexiform layer (IPL), and inner nuclear layer (INL) in the 

advanced stages of iCRVO and iBRVO, withal of which have been linked to poor 

prognosis. (134,135)  However, changes within months of the RVO also are of interest. 

A loss of foveal IS/OS and a larger defect in the ELM at presentation, and a loss of 

inner retinal layers at six months’ follow-up in patients with iCRVO were found to 

correlate with poorer final visual outcomes. (134,232)  

A study by Kinakis et al. (233) investigated 10 eyes with BRVO to examine the 

relationship between ischaemia (retinal capillary non-perfusion) on FFA and 

disruption of the ellipsoid zone or IS /OS layer (depicted as areas of low reflectance in 

the en-face reconstruction of the SD-OCT images). This study demonstrated a close 

association between capillary non-perfusion and photoreceptor disruption in eyes with 

BRVO. (233) 

The optical intensity of inner retinal layers and photoreceptor inner segment 

ellipsoid zone/retinal pigment epithelium layer (ISe/RPE) in the ischaemic and non-
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ischaemic regions were measured on SD-OCT of 27 patients with BRVO. Their 

optical intensity ratio (OIR) was calculated and compared between ischaemic and 

non-ischaemic region. In the retinal ischaemia group, the optical intensity of inner 

retinal layers was found to be higher in the ischaemic region as compared to the non-

ischaemic region, while the optical intensity of ISe /RPE was low. The OIR was 

found to be significantly higher in the ischaemic region when compared with control 

(p < 0.001). The visual acuity was linked to OIR of ischaemic region (p = 0.010). This 

study suggested that optical intensity ratio on SD-OCT is correlated with retinal 

ischemia in BRVO. (234)  

A study by Berry et al. (235)  investigated the association between the 

disorganisation of inner retinal layers on SD-OCT with ischaemic index on WA-FFA 

and clinical outcomes in 25 patients with CRVO. Eighteen of 25 eyes (72%) were 

found to have some degree of disorganisation of inner retinal layers at baseline, and 

20 of 25 eyes (80%) had macular oedema. At final follow-up of minimum 12 months, 

disorganisation of inner retinal layers was found to be strongly associated with 

baseline ischaemic index and baseline enlarged FAZ on WA-FFA. Disorganisation of 

inner retinal layers at baseline was not found to be associated with baseline visual 

acuity. However, this was correlated with worse visual acuity at six months follow-

up. On multivariate regression analysis, the disorganisation of inner retinal layers at 

final follow-up was the only OCT parameter associated with worse visual acuity and 

remained significant when accounting for macular oedema as a potential confounder. 

(235)  

Several parameters on SD-OCT have been investigated for their ability to 

predict anterior segment neovascularisation in 39 patients with CRVO with 12 months 

follow-up, including increased reflectivity of the inner retina, loss of definition of 
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inner retinal layers, the presence of a prominent middle-limiting membrane (p-MLM) 

sign, as well as the presence of paracentral acute middle maculopathy (PAMM). 

However, none of these parameters were found to be associated with development of 

neovascularisation, visual acuity or CST. (236)  

In CRVO, macular ischaemia, as detected by FFA, correlated with reduced 

CST when macular oedema was absent, and loss of inner retinal layers during the 

early stages (within three months of RVO), with presence of intraretinal fluid, and 

loss of inner retinal layers in late stages (within six months of RVO) on SD-OCT 

images. (134) In iBRVO, the thickness of the GCL and NFL (mean 86.26 ± SD 5.95 

and 95.53 ± SD 8.87 µm, respectively) appeared to be significantly reduced in 

comparison to non-iBRVO (mean 79.03 ± SD 7.84 µm and 88.83 ± 8.96 µm, 

respectively). (135) 

3) Optical coherence tomography angiography 

It has been suggested that OCT-A may be useful in the evaluation of areas of capillary 

non-perfusion, non-perfused vessels, vascular density, and FAZ morphology in 

patients with RVO  (190,237-247) (Figure 28). OCT-A is the first imaging technology 

which enables a selective evaluation of the deep retinal capillary network, which, for 

reasons that are yet to be explained, seems to be more severely affected than the 

superficial capillary network in CRVO and BRVO. (238) 
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A retrospective study by Coscas and colleagues, including 54 RVO patients 

(29 with CRVO and 25 with BRVO) and comparing OCT-A with FFA and SD-OCT, 

suggested that OCT-A may provide an improved rate of detection of cystoid spaces, 

macular oedema, and disruption of perifoveal capillaries than FFA and SD-OCT. (238)  

Cardoso et al. (237), in a retrospective study including 76 patients (81 eyes) with RVO 

[CRVO (n=40 eyes), HRVO (n=7 eyes) and BRVO (n=34 eyes)], 36 (44%) of which 

were of the ischaemic type (no definition of iRVO given) and in which images were 

assessed independently by a masked grader (i.e. the results observed in any one 

imaging modality would not affect the reading of images from any subsequent 

imaging modality) found good agreement between FFA and OCT-A for determining 

the area of ischaemia as well as for grading the FAZ when using 3x3 mm OCT-A 

scans, but this agreement was poor when using 8x8 mm OCTA scans.  Artefacts 

appeared to be a major limitation of OCT-A with non-gradable images in 28% and 

15% of cases for 3x3 mm and 8x8 mm scans, respectively (237) in comparison to 3% 

for FFA.  Motion artefacts and media opacities appeared to be a major contributing 

factors to obtaining good quality images on OCT-A. (237)  The inability of OCT-A in 

Figure 28 foveal capillary ring on OCT-A of retinal vein occlusion 

Optical coherence tomography angiography at foveal region obtained from a patient with left 

superior Hemiretinal vein occlusion 

Full retinal thickness Superficial retinal vascular 

complex 

Deep retinal vascular complex 
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identifying features of ischaemia and retinal new vessels when present outside the 8 

mm scan were noted. (237) 

Using OCTA, a retrospective study, including 12 patients with RVO (eight 

with BRVO, six of these ischaemic; and four with CRVO, one of these ischaemic), 

found that the FAZ in the deep retinal capillary network was enlarged in eyes with 

RVO when compared with fellow unaffected eyes. (241)  The vascular density in the 

macular region as detected with OCT-A was found to be significantly lower in eyes 

with CRVO and BRVO, thus affecting both superficial and deep capillary networks, 

than in fellow eyes; differences between ischaemic and non-ischaemic forms were, 

however, not sought. (240,248)  In a prospective study including 21 eyes of 21 patients 

with CRVO, disruption of the ellipsoid zone (IS/OS) was significantly correlated to a 

larger FAZ area in the superficial retinal capillary plexus and poorer visual acuity. (242)  

An observational case-control study of 31 eyes with CRVO and 20 healthy 

eyes evaluating and comparing vascular density and blood flow between iCRVO 

(n=13) and non-iCRVO (n=18) using OCT-A (iCRVO was defined by the presence of 

RAPD and visual acuity of ≤ 6/60 (20/200) Snellen. This study revealed a statistically 

significant reduction in vascular density and blood flow in superficial and deep 

vascular complexes, as well as choriocapillary plexus in eyes with iCRVO as 

compared to those with non-iCRVO. (246)  

To date, studies using OCT-A for the evaluation of patients with RVO are 

scarce, the majority of them being retrospective and including small number of 

patients. The technique, however, appears to be promising as a means of determining 

the areas of non-perfusion. OCT-A currently suffers from some limitations, including 

the small field of view and the fact that images are vulnerable to artefacts; these 
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drawbacks are likely to be overcome in the future by further development of the 

technology.  In this regard, a recently developed technique referred to as “extended 

field imaging technique” (EFI) using trial frames fitted with a +20 diopter lens, seems 

to provide adequate OCT-A images of a larger area of the fundus, on average, 188.5% 

more than those without EFI. (249)     

Prospective, adequately powered diagnostic studies are required to determine 

the value of OCT-A and OCT-A EFI for the diagnosis and evaluation of patients with 

iCRVO and iBRVO as well as to determine the manner in which this technology 

compares with other imaging modalities available such as FFA and wide-angle FFA.  

The major limitation of OCT-A for its use in RVO, at present, is the small field of 

view; however, it is indeed useful for the evaluation of the perifoveal capillary 

network.  

4) Fundus autofluorescence 

Given that the outer retinal barrier can be affected by iRVO (see section 2.3.5. 

Pathogenesis, above) it would not be farfetched to say that AF could be useful in the 

evaluation of patients fraught with this disorder. Foveal AF has been found to serve as 

a prognostic indicator in patients with RVO. (221,232,250,251)  However, no studies have 

been conducted to evaluate fundus AF, specifically in iRVO. 

2.3.7.3 Patients reported outcomes (Quality of life assessment) 

Studies have shown that both CRVO and BRVO are associated with a significant 

decrease in vision related quality of life using NEI VFQ-25.  (32,33,252-255) NEI VFQ-25 

scores are found to be significantly lower in patients with CRVO and BRVO than in 

people with no ocular disease. (254,255)  Scores were significantly lower in people with 

bilateral CRVO than in those with unilateral disease. (255)  NEI-VFQ-25 scores in 
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patients with BRVO were found to be significantly higher in all subscales as 

compared to those patients with CRVO. (254) NEI VFQ25 scores appear to be driven, 

predominantly, by the visual acuity in the better-seeing eye. (255)  However, a decrease 

in NEI VFQ-25 score in BRVO correlated with visual acuity in the affected eye, even 

when good visual acuity was observed in the non-affected fellow eye. (254)   

No previous studies have evaluated visual-related quality of life, using the 

NEI-VFQ25, or health-related quality of life using the EQ-5D, specifically in patients 

with iRVO and how these compare with non-iRVO.  

2.3.8 Natural history 

There are seven studies provided natural history data on of iCRVO, two studies on 

iHCRVO and six on iBRVO. These are discussed below. 

2.3.8.1 Ischaemic CRVO 

The CVOS reported that untreated patients who had poor visual acuity at presentation 

[≤6/60 (20/200) Snellen, (~35 ETDRS letters] had an 80% chance of having final 

visual acuity of ≤20/200, whether perfused or non-perfused initially. (5) In a large 

observational natural history study (iCRVO=109 and non-iCRVO= 588 eyes) 

conducted by Hayreh and colleagues, final visual acuity, on the resolution of macular 

oedema, was reported to be ≥6/30 (20/100) Snellen (~50 ETDRS letters)] in 83% in 

non-iCRVO as compared to 12% in iCRVO.  Thus, visual acuity remained poor in 

over 80% of patients with iCRVO, even after resolution of macular oedema. (7)  

Therefore, the iCRVO phenotype appears to confer a more guarded prognosis.  In 

eyes with initial visual acuity of~ ≤6/22 (20/70) Snellen (~55 ETDRS letters), visual 

acuity did improve, on the resolution of macular oedema, in 59% of the non-iCRVO 

eyes, and no significant improvement was found in eyes with iCRVO. (7)  This study 
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showed that 90/146 (60%) of patients with non-iCRVO had a visual acuity >6/12 

(20/40) Snellen (~70 ETDRS letters) after the resolution of macular oedema in 

comparison to 0/13 (0%) of those with iCRVO during a follow-up of 2-5 years. (7) The 

median time to resolve macular oedema was found to be 29 months for patients with 

iCRVO and 23 months for those with non-iCRVO. (7)  

COPERNICUS reported improvement of ≥15 ETDRS letters in only 4.3% of 

untreated patients with iCRVO (defined by the presence of ≥ 10 DA of retinal 

capillary non-perfusion on FFA) at six months follow up (32) (exploratory analysis) 

(See section 2.3.9. Management and outcomes following treatments, below, for more 

details on this study). Another study by Laatikinen et al. (256) showed improvement of 

≥2 Snellen lines in the same proportion, and 4.3% of untreated patients with iCRVO 

at 12 months follow-up. (256) Kjeka et al. (45) reported change of mean visual acuity 

from 1.95 to 2.74 LogMAR during a mean period of 41 months of follow-up in 

patients with untreated iCRVO (range 26-63 months). (45) 

A large prospective cohort study conducted by Hayreh and Zimmermann, 

which involved 239 eyes with iCRVO, (152) reported that the cumulative probability, 

within six months of onset, of development of neovascularisation was 49% in the iris, 

37% in the anterior chamber angle, 6% in the disc, and 9% in the retina.  At 12 

months, the corresponding rates were 10% for neovascularisation in disc and 12% in 

retina. (152) The CVOS reported that 35% of untreated eyes with iCRVO developed 

anterior segment neovascularisation during the first 12 months. (5) The overall 

incidence of posterior segment neovascularisation at three years was 33% in a cohort 

study reported by Magargal et al, which included 86 eyes with iCRVO, 85 eyes with 

non-iCRVO and 29 eyes with indeterminate RVO. (116) 
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In the CVOS, untreated iCRVO showed an increase in the area of retinal 

capillary non-perfusion, from a median of 50 DA at baseline to 111 DA at the visit at 

which anterior segment neovascularisation developed, in comparison to a median 

increase in non-perfusion of only four DAs in those who did not develop anterior 

segment neovascularisation at the first annual visit. (5) The greatest risk of developing 

anterior segment neovascularisation in eyes with iCRVO appears to be during the first 

year of follow-up (usually within the first three months) in untreated iCRVO patients. 

(5)  Hayreh et al. reported that anterior segment neovascularisation commonly 

develops during the first 6-7 months following diagnosis of iCRVO. (151,152)   

The cumulative probability of developing neovascular glaucoma in eyes with 

iCRVO was reported by Hayreh and Zimmerman to be 29% within six months of 

onset (152) and by Magargal et al to be 60% within 24 months of onset. (257) Vitreous 

haemorrhage was reported in 10% of iCRVO by nine months after onset of the 

occlusion. (1) Hayreh et al. reported that 9/67 (~13%) of untreated patients with 

iCRVO developed vitreous haemorrhage during a follow-up of 10 years. (258) Vitreous 

detachment was identified in 38 out of 52 (73%) iCRVO eyes. Patients with complete 

vitreous detachment did not develop vitreous haemorrhage as compared to vitreous 

haemorrhage occurring in 57% in whom absent or incomplete vitreous detachment 

was detected. (259) Retinociliary collaterals developed in 41% of patients with iCRVO 

in a median period of 13 months. (7) 

In an observational natural history study including 67 patients with HCRVO 

classified into ischaemic and non-ischaemic (70) (for definition, see 2.3.1. Definitions), 

Hayreh and Zimmerman found that 75% of the patients maintained or experienced 

improvement in vision when the presenting vision was > 6/18 (20/60) Snellen (~60 
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ETDRS letters); on the other hand, if the presenting vision was ≤6/22 (20/70) Snellen 

(~55 ETDRS letters), visual acuity improved in 60%. (70)  

The incidence of neovascularisation in patients with hemicentral RVO at 12 

months follow up was reported to be 12%, 10%, 12% and 29% in iris, anterior 

chamber angle, disc and retina, respectively. (152) Neovascular glaucoma was reported 

to occur in 5% of eyes within six months of onset. (152) 

2.3.8.2 Ischaemic BRVO 

Although information on the natural history of BRVO is available, (3,182) data is very 

scarce, particularly on iBRVO; this applies to most aspects of this type of RVO.    

A study by Parodi et al. (56) demonstrated that none of the untreated patients 

with exudative retinal detachment (diagnosis based on the detection of the sensory 

retinal detachment on SD-OCT) secondary to iBRVO (defined by presence of ≥5 DA 

of retinal capillary non-perfusion on FFA) gained ≥3 Snellen lines of visual acuity, 

whereas 93% lost ≥3 Snellen lines during a follow-up of 24 months. (228) However, 

reabsorption of exudative retinal detachment was observed in all patients after a mean 

of 15.8±3.4 months follow-up. (56)  

Finkelstein followed a group of 30 patients (30 eyes) with macular oedema 

secondary to BRVO, 23 patients with macular capillary non-perfusion (20 of which 

had a broken perifoveal capillary ring), and seven with good macular perfusion (one 

of the latter had a broken perifoveal capillary ring).  It was found that a greater 

improvement in visual acuity occurred in eyes with macular ischaemia, which 

achieved a median final visual acuity of ~6/9 (20/30) Snellen (~75 ETDRS letters), in 

comparison to eyes with perfused macula (29%), which achieved a median final 
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visual acuity of ~6/24 (20/80) Snellen (~55 ETDRS letters), after a mean follow-up of 

39 months. (43)  

According to the BVOS study, 41 % of untreated patients with at least 5 DA 

of retinal capillary non-perfusion (group X) developed neovascularisation 

(unspecified) during the follow-up. (4) Similarly, a cohort study by Hayreh et al. (151) 

reported the incidence of neovascularisation in eyes with major BRVO to be 1.6%, 

0.5%, 11.5% and 24.1% in the iris, anterior chamber angle, disc and retina, 

respectively (range, 3 months-20 years). Approximate incidence rates of retinal and 

disc neovascularisation, extracted from Kaplan-Meier survival curves presented in 

this study, were found to be 10% at ~2 years and 20% at ~4 years, respectively. (151)  

Vitreous haemorrhage developed in 61-73% of patients with iBRVO and 

neovascularisation during follow-up periods between 2-4 years, (4,260) whereas 28% of 

patients with untreated retinal or disc neovascularisation experienced recurrent 

vitreous haemorrhage. (260)  

2.3.9 Management and outcomes following treatments 

2.3.9.1 Current treatments of ischaemic RVO 

Currently, there is no effective treatment of ischaemia secondary to RVO. As 

mentioned in Chapter I, available treatments targets the complications of RVO (i.e. 

macular oedema and neovascularisation), including laser photocoagulation, 

intravitreal anti-VEGF injections, intravitreal steroids, and vitrectomy or a 

combination of these therapies. Each of these treatments has advantages, 

inconveniences as well as potential complications (see Chapter I). The outcomes of 

these treatments on the ischaemic forms of RVO investigated in some studies are 

discussed below.  
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Patients with iRVO will require follow-up at different intervals, depending on 

the type of occlusion (CRVO or BRVO), presence/absence and severity of retinal 

non-perfusion, presence/absence of complications or high risk of developing them, as 

well as the requirement and type of treatment selected.  Monthly follow-up during the 

first six months was recommended for patients with iCRVO, with slit lamp 

examination and gonioscopy, in order to detect signs of anterior segment 

neovascularisation. (5)  Follow-up would be guided by whether or not complications 

develop and by the need for treatments and type of therapy chosen (see below). 

Similarly, the follow-up in patients with BRVO would be determined by clinical 

findings, such as the presence or absence of macular oedema or neovascularisation 

and the need/type of treatment selected (see below).  (261-263) 

This section presents and summarises studies which examined the outcomes of 

the ischaemic forms of RVO (iCRVO and iBRVO), as defined in section 2.3.1. 

Definitions as well as those which assessed macular ischaemia were provided, as 

some studies focused on the effects of treatment when there was macular non-

perfusion, while others provided data on the effects of treatment when there was 

wider non-perfusion. 

1) Treatment for macular oedema secondary to iRVO 

Treatment for macular oedema secondary to iRVO include macular laser 

photocoagulation, intravitreal injections of anti-VEGF or corticosteroids, and 

vitrectomy.  Studies which addressed the outcomes of these therapies on the 

ischaemic form of RVO were identified and included in this review and are 

summarised below.  
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 Macular laser photocoagulation 

The CVOS and BVOS were the first large RCTs evaluating the effect of laser 

treatment in patients with CRVO and BRVO. (17,18)  The CVOS did not find macular 

laser photocoagulation of value for the treatment of macular oedema secondary to 

CRVO. (18)  The CVOS (group M) (18) excluded patients with macular non-perfusion 

(no definition of macular non-perfusion was given), retinal new vessels, and vitreous 

haemorrhage. Among the included eyes, only 21/155 (14%) had ≥10 DA of retinal 

capillary non-perfusion on FFA (13 treated and 8 untreated). In addition, the 

outcomes of macular laser were not addressed separately for ischaemic and non-

ischaemic cases.   

Contrastingly, for patients with macular oedema secondary to BRVO, laser 

photocoagulation was shown to be beneficial. (17)  The BVOS recommended macular 

laser after three months of the onset of symptoms, owing to the possibility of 

spontaneous resolution of the macular oedema during this period of time, in patients 

with visual acuity of ≤6/12 (20/40) Snellen (~70 ETDRS letters) with the absence of 

foveal capillary non-perfusion on FFA as well as that of blood involving the fovea. (17)  

Retreatment was required in some patients (range, 1-5 treatments given) when 

macular oedema persisted. (17)  The BVOS showed a mean 3- year improvement of 

1.33 Snellen lines of vision following macular laser as compared to 0.23 lines of 

vision in untreated patients. Visual acuity improved > 2 Snellen lines in 65% of 

patients and 60% attained visual acuity of >6/12 (20/40) Snellen (~70 ETDRS letters), 

in comparison to 37% and 34% of untreated patients, respectively. (1) Notably, the 

BVOS excluded patients with foveal non-perfusion and outcomes of macular laser 

were not given specifically for the group with iBRVO (17).   



Chapter II: Ischaemic retinal vein occlusion: A systematic review 

133 

 

Only four studies examined the efficacy of grid macular laser 

photocoagulation to treat macular oedema in patients with ischaemia (one on both 

iCRVO and iBRVO, two on iBRVO only, and one on macular ischaemia secondary to 

BRVO). In general, these presented studies show that patients with ischaemic RVO 

may benefit from grid macular laser photocoagulation. However, in recent times, this 

treatment has been used less frequently since anti-VEGF therapy has become a more 

convenient option in the majority of cases. An exploratory comparison between grid 

macular laser photocoagulation and anti-VEGF therapy has been reported in two 

RCTs, which have been summarised below in Table 4 and discussed later under anti-

VEGF therapies. 

In a study involving 28 eyes with iCRVO (22 defined by ischaemic index of ≥ 

50% on FFA and six defined by ischaemic index of ≥10%) and 35 eyes with iBRVO 

(13 defined by ischaemic index of ≥ 50% on FFA and 22 defined by ischaemic index 

of ≥10%), 21 and 19 eyes with iCRVO and iBRVO, respectively, macular laser 

photocoagulation was received, while the remaining eyes were kept under 

observation. Resolution of macular oedema was observed in 16 (76%) and 12 (63%) 

of eyes with iCRVO and iBRVO, respectively, at 12 months of follow-up. However, 

no statistically significant improvement in visual acuity was observed following 

treatment.  

Macular laser photocoagulation has been proposed as a potential treatment for 

patients with iBRVO, defined by the presence of ≥ 5 DA of retinal capillary non- 

perfusion on FFA, and exudative retinal detachment (diagnosed based on the 

detection of sensory retinal detachment on SD-OCT) premised on the results of a 

small (n=31) prospective interventional clinical study (56). In this study, out of 31 

patients, all with ≥5 DAs of retinal capillary non-perfusion, 16 patients were assigned 
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to grid laser photocoagulation, and 15 to observation. A visual acuity improvement of 

≥ 3 lines on ETDRS charts was observed in 37% of patients in the laser treated group 

in comparison to no patients in the untreated group, while visual acuity deterioration 

of ≥ 3 ETDRS lines occurred in 93% of untreated eyes when compared with none in 

laser treated eyes (56). Mean final visual acuity was 6/38 (20/125) Snellen equivalent 

(~45 ETDRS) in the treated group and 6/120 (20/400) Snellen (~20 ETDRS letters) in 

the untreated group at 24-months follow-up from a mean baseline of 6/48 (20/160) 

Snellen (~40 ETDRS letters) in both groups (56). Resolution of subretinal fluid 

occurred in both treated and untreated patients, with an earlier resolution observed in 

the treated group (9.1±1.7 months, range 6-12 months) as compared to the untreated 

group (15.8±3.4 months, range 12-24 months).  



Chapter II: Ischaemic retinal vein occlusion: A systematic review 

135 

 

Table 4 Summary of studies on outcomes following macular laser photocoagulation in patients with iCRVO (n=1), iBRVO (n=3) and macular ischaemia (n=1) 

Study Design Number of patients Definition of iRVO Outcomes for iRVO 

 

Additional comments 

Recupero et 

al., 2006 
(41)

 

Prospective 

interventional 

study 

 

GMLP 

 

 

 

 

iCRVO=28 

 

 

 

GMLP=21 

 

Observation=7 

 

Non-iCRVO= 

25 

 

 

GMLP=0 

 

Observation= 

25 

Ischaemic index of ≥ 10-50% (n=6) 

 

Ischaemic index of ≥50% (n=22) 

Number of patients with resolution of 

macular oedema at follow-up of 12 

months: 

GMLP=16 (76%) 

Observation= not stated 

Mean change of visual acuity from 

baseline to 12 months follow-up: 

GMLP= 0.55±0.36 to 0.41±0.38 

LogMAR 

Observation= 0.52±0.39 to 0.43±0.27 

LogMAR  

(not St. significant improvement) 

 

 

 iBRVO=35 

 

 

 

GMLP=19 

 

Observation=16 

 

 

Non-iBRVO= 

29 

 

 

GMLP=0 

 

Observation= 

29 

 

 

 Number of patients with resolution of 

macular oedema at follow-up of 12 

months: 

GMLP=12 (63%) 

Observation= not stated 

Mean change of visual acuity from 

baseline to 12 months follow-up: 

GMLP= 0.55±0.34 to 0.68±0.34 

LogMAR 

Observation= 0.68±0.39 to 0.93±0.27 

LogMAR  

(not St. significant improvement) 

 

 

Parodi et al.  

2008 
(264)

 

RCT 

 

GMLP 

iBRVO+ ERD= 31 

 

GMLP=16  

 

Observation=15 

 

Non-iBRVO= 

0 

≥5 DA of retinal CNP on FFA+ 

enlargement of FAZ 

GMLP is beneficial in patients with 

iBRVO and ERD  

Proportion of patients gained ≥3 Snellen 

lines: 

GMLP: 37% 

Observation: 0% 

Proportion of patients lost ≥3 Snellen 

lines: 

GMLP: 0% 

Observation: 93% 

Mean final VA: 

GMLP: 20/125 
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Observation: 20/400 

(baseline VA in both 20/160) 

Secondary outcomes: 

ERD reabsorption at final visit: 

GMLP: 100% 

Observation: 100% 

Mean ERD reabsorption time: 

GMLP: 9.1 ±1.7 months 

Observation: 15.8±3.4 months 

CST change: 

GMLP: 695.7±87.3µm to 255.6±33.1µm 

Observation: 706.5±97.8µm to 

261.9±63µm 

Number of patients with atrophic changes 

at 12 months: 

GMLP: 6 

Observation: 12 

 

VIBRANT 

Campochiaro 

et al., 2015 
(33)

 

RCT 

 

IAI Monthly 

injections for 6 

months, 

followed by by 

PRN injections 

 

 

GMLP 

iBRVO= 36 

 

 

IAI=16 

 

GMLP=20 

Non-iBRVO= 

113 

 

 

IAI=75 

 

GMLP=72 

≥10 DA of retinal capillary non-

perfusion on FFA 

Exploratory: 

Change of VA from baseline to 6 months: 

iBRVO: 

IAI= 19.1 ETDRS letters 

GMLP=11.3 ETDRS 

Non-iBRVO:  

IAI=14.3 ETDRS letters 

GMLP=5.7 ETDRS letters 

 

 Primary outcome: 

Proportion of eyes gained ≥15 ETDRS 

letters from baseline to 6 months: 

IAI= 52.7% 

GMLP= 26.7% 

Change of VA from baseline to 6 months: 

IAI: 17 ETDRS letters 

GMLP= 6.9 ETDRS letters 

 Secondary outcomes: 

Change of CST from baseline to 6 

months:  

IAI= -280.5 µm 

GMLP= -128.0µm 

Change of NEI-VFQ-25 composite score 

from baseline to 6 months: 

IAI= 7.7 

GMLP=6.3 

 

BRIGHTER 

Tadayoni et al., 

2016 
(74)  

Prospective 

interventional 

study- 

 

3 Monthly IVR 

(minimum 3 

injections) 

until stable 

iBRVO= 

not stated 

 

 

Macular ischaemia= 

113 

 

 

Non-iBRVO= 

Not stated 

 

No macular 

ischaemia= 

342 

 

 

iBRVO not defined 

 

 

Macular ischaemia:  

Enlargement of the FAZ secondary to 

broken perifoveal capillaries 

 

 

Exploratory: 

Change of VA from baseline to 6 months: 

Macular ischaemia: 

IVR= 14±11 ETDRS letters 

IVR+ GMLP= 14±9 ETDRS letters 

GMLP=9±12 ETDRS letters 

No macular ischaemia: 

IVR= 12±10 ETDRS letters 

 Primary outcome: 

Mean change of VA at 6 months: 

IVR= 14.8 ±10.7 ETDRS letters 

IVR+ GMLP= 14.8 ±11.13 ETDRS letters  

GMLP= 6.0 ± 14.7 ETDRS letters 

Proportion of patients gained VA≥ 73 

ETDRS letters: 

IVR =65%  
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visual acuity is 

maintained for 

3 consecutive 

months 

And / or  

GMLP 

 

 

IVR=47 

 

IVR+GMLP =42 

 

GMLP=24 

IVR=91 

 

IVR+GMLP= 

138 

 

GMLP= 68 

IVR+ GMLP= 12±9 ETDRS letters 

GMLP=3±17 ETDRS letters 

No statistical significant difference 

between ischaemia and no ischaemia 

 
Mean final VA at 6 months 

macular ischaemia: 

IVR= 74.9±12.3 ETDRS letters 

IVR+ GMLP= 73.1±12.59 ETDRS letters 

GMLP=64.7±14.29 ETDRS letters 

No macular ischaemia: 

IVR= 72.5±14.0 ETDRS letters 

IVR+ GMLP= 72.2±12.61 ETDRS letters 

GMLP=63.3±14.01 ETDRS letters 

 

IVR+ macular laser = 54.5%  

GMLP= 31% 

 Secondary outcomes: 

Mean number of injections from baseline 

to 6 months: 

IVR=4.8 

IVR+ GMLP=4.5 

Proportion of patients with adverse 

events: 

IVR= 28.3% 

IVR+ GMLP= 37.2% 

GMLP= 13.6% 

 

 

iCRVO= ischaemic retinal vein occlusion; iBRVO= ischaemic retinal vein occlusion; GMLP= grid macular laser photocoagulation; FAZ= foveal avascular zone; IVR= intravitreal ranibizumab; IVB= intravitreal 

bevacizumab; ETDRS= early treatment diabetic retinopathy study; LogMAR= logarithm of  minimum angle of the resolution; VA= visual acuity; NEI-VFQ-25= 25 items national eye institute visual function 

questionnaire; IAI= intravitreal aflibercept; PRN= pre re nata; CST; central subfield thickness; DA; disc area; FFA; fundus fluorescein angiography; St. significance= statistical significance ; RCT= randomised 

clinical trial 
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 Anti-VEGF therapy 

As mentioned in Chapter I, NICE (National Institute for Health Care and Excellence) 

has approved intravitreal ranibizumab and aflibercept as potentially feasible options to 

treat macular oedema secondary to CRVO and BRVO after appraising large available 

RCTs. (265-267) Several studies, including RCTs, have been conducted in order to 

evaluate the safety and efficacy of anti-VEGF therapies (i.e. ranibizumab, aflibercept 

and bevacizumab) in patients with CRVO and BRVO.  However, most of these 

studies have excluded or included only a very scarce number of patients with the 

ischaemic forms of RVO (Table 1).  For example, the CRUISE (Central Retinal Vein 

OcclUsIon: Evaluation of Efficacy and Safety study), which investigated the effect of 

ranibizumab on CRVO, excluded patients with a ‘brisk RAPD’ (9) and, thus, would 

have excluded patients with severe retinal ischaemia (54) (See section 2.3.7. Findings 

on ancillary studies, above). Furthermore, only two of the 392 patients included in 

CRUISE had ≥10 DA of capillary non-perfusion on FFA (0.5%). (9)  Similarly, a 

ROCC study, an RCT that compared ranibizumab to sham in patients with macular 

oedema secondary to CRVO, included only five out of 29 patients (17%) with ≥ 5 DA 

of capillary non-perfusion on FFA. (15)   

Moreover, none of the BRVO patients in BRAVO (RanibizumaB for the 

treatment of macular oedema following BRAnch retinal Vein Occlusion) were 

observed to have ≥10 DA of retinal capillary non-perfusion. (10) The branch Retinal 

vein occlusion Associated Macular Oedema Study (RABAMES), which also 

evaluated ranibizumab for the treatment of macular oedema secondary to BRVO, not 

only excluded patients with macular ischaemia, but also did not classify or give 

separate data for iBRVO and non-iBRVO. (16) Other studies which may have included 

patients with iRVO did not provide data separately for ischaemic and non-ischaemic 
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forms. (24,159)  Studies providing information, specifically, in iRVO are summarised 

below. 

Outcomes following anti-VEGF therapy in patients with iRVO has been 

reported in 11 studies (five on iCRVO, four on iBRVO and two on macular ischaemia 

secondary of CRVO and BRVO). These studies are summarised in Table 5 and 

discussed below. 

A large RCT which included 175 eyes with iCRVO, defined by the presence 

of ≥10 DA of retinal capillary non-perfusion on FFA, evaluated the intravitreal 

ranibizumab (0.5 mg) alone (n=87) and compared it to combination of ranibizumab 

with scatter laser photocoagulation (n=88) at 24 months follow-up (268) This study 

showed an improvement in mean visual acuity in both group: from 0.22±0.2 to 

0.45±0.21 Snellen chart in monotherapy and from 0.25±0.15 to 0.52±0.15 on Snellen 

chart in combined therapy. In addition, reduction of CST was observed in both 

groups: from 626±298 µm to 290±214 µm and from 524±243 µm to 270±151 µm, 

respectively. The number of intravitreal ranibizumab injections was lower in 

combined therapy than in ranibizumab monotherapy. In general, there was more 

fluctuations in visual acuity and CST in ranibizumab monotherapy as compared to the 

combined therapy, which was more stable during the period of follow-up, especially 

after the fifth month. (268) 

RAVE (the Rubeosis Anti-VEGF) was an open-label clinical trial in which 

treatment with intravitreal ranibizumab was investigated in 20 patients with iCRVO.  

iCRVO was defined by the presence of three out of four criteria: visual acuity ≤6/60 

(20/200) Snellen, loss of I-2e isopter on Goldman visual field, RAPD ≥0.9 log units 

as well as reduction of b:a ratio by≥60% of the corresponding a-wave. (68)  All patients 
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received monthly intravitreal ranibizumab (0.3 mg in 5 patients, 0.5 mg in 10 patients, 

and 1 mg in 5 patients, and no separate outcomes were given for these three groups) 

during the first nine months and as needed during the remaining study period of 36 

months.  Eighteen patients (90%) were followed for 9 months; similarly, 17 (85%), 15 

(75%) and 13 (65%) were followed for 12, 24 and 36 months, respectively.  The mean 

visual acuity at baseline was 15 ETDRS letters (range 0-37 ETDRS letters).  At 36 

months, the mean visual acuity gain was found to be + 21.4 (range -23 to +40) 

ETDRS letters with five out of 13 patients (38%) who completed the 36 months 

follow-up gaining ≥ 15 ETDRS letters. The high loss of follow-up at 36 months 

should be taken into consideration when interpreting this data. Seven eyes (39%) had 

a final visual acuity worse than 6/120 (20/400) Snellen. (68) Mean reduction of CST 

was -294 µm (range, -47 to -652 µm) at nine months of follow-up from baseline. 

However, subsequently, after a three months-period of observation (12 months- 

follow-up), the recurrence of macular oedema was observed in 44% of patients and 

retreatment required.  After retreatment (as needed), the CST improved by -163 µm 

(range, -636 to -602 µm) at 24 months and -191 µm (range, -623 to -58 µm) at 36 

months-follow-up compared to values at 12 months. (68)    

COPERNICUS, (32) GALILEO (13,158) and VIBRANT (33,157) evaluated the 

effect of intravitreal aflibercept on macular oedema secondary to CRVO and BRVO. 

Following intravitreal aflibercept therapy, a statistically significant reduction of 

macular oedema as well as improvement in visual acuity and vision-related quality of 

life was demonstrated. (13,32,33,157,158) COPERNICUS and VIBRANT provided data on 

visual outcomes for patients with iRVO and non-iRVO separately, but not for macular 

oedema or vision related quality of life, (32,33,157) while GALILEO did not provide 

separate data on any of these outcomes for iRVO and non-iRVO cases. (13,158)  
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COPERNICUS included 187 patients with CRVO; only 29 (15%) of these had 

retinal ischaemia, defined by the presence of ≥10 DA of capillary non-perfusion (127 

patients had perfused retina, whereas 31 had an indeterminate perfusion status). (32)  

Patients were randomised to monthly injections of 2 mg aflibercept for six months 

followed by PRN for the remaining period of the study of 12 months (n=115, with 17 

non-perfused CRVO) or to monthly sham for six months and PRN aflibercept 

thereafter (n=73, with 12 non-perfused CRVO).  The mean visual acuity at baseline in 

this study was 50.0 ±14.09 ETDRS letters.  At six months-follow-up, a gain of ≥ 15 

ETDRS letters was observed in a statistically significantly higher number of patients 

(56.1%) in the aflibercept arm in comparison to the sham-treated group (12.3%). (32) A 

secondary analysis showed that in patients with iCRVO, the proportion of eyes that 

gained ≥15 letters at six months was 51.4% in the aflibercept group and 4.3% in the 

sham group. In non-iCRVO, these proportions were found to be 58.4% and 16% in 

aflibercept and sham groups, respectively. (32) The study did not provide data on 

statistical analysis comparing iCRVO with non-iCRVO.  

In a study aimed at examining the aflibercept on macular oedema secondary to 

CRVO, GALILEO included a total of 177 patients, in which 14 (8%) had non-

perfused retina, as defined by the presence of ≥10 DA of capillary non-perfusion, 

whereas 143 patients had good retinal perfusion. Similarly, in 14 patients, retinal 

perfusion was indeterminate. (13,158) Patients were randomised to monthly 2 mg 

aflibercept for six months (n=103, with seven non-perfused CRVO) or monthly sham 

for six months (n=68, with seven non-perfused CRVO). (13) Given that the number of 

patients included with iCRVO was small, the outcomes were not evaluated separately 

for iCRVO and non-iCRVO. (13,158) 
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VIBRANT evaluated the effect of aflibercept (2 mg) versus macular laser 

photocoagulation for the treatment of patients with macular oedema secondary to 

BRVO. (33,157)  Of the 181 patients included in this study, iBRVO, defined as ≥10 DA 

of capillary non-perfusion on FFA, was present in 36 patients (20%). Patients were 

randomised to receive monthly aflibercept (2 mg) for six months (n=91, with 16 

iBRVO) or macular laser (n=90, with 20 iBRVO). At the end of six months, a gain of 

≥ 15 ETDRS letters occurred in a statistically significant higher number of patients 

treated with aflibercept (52.7%) than laser (26.7%). (33)  A secondary analysis 

revealed that eyes with iBRVO experienced a mean change in visual acuity of 19.1 

EDTRS letters at six months-follow-up following aflibercept and of 11.3 ETDRS 

letters following laser; no statistically significant differences were found between 

these two treatment groups. (33) In contrast, the mean change in visual acuity in non-

iBRVO was significantly higher in the aflibercept group (14.3 EDTRS letters) as 

compared to the laser-treated group (5.7 ETDRS letters). (33)  

Two RCTs compared the effects of intravitreal bevacizumab and intravitreal 

triamcinolone acetonide (IVTA) in patients with macular oedema secondary to CRVO 

(n=86) (58) and BRVO (n=86) (111). Patients were randomised to receive intravitreal 

bevacizumab (three monthly injections of 1.25 mg) or intravitreal triamcinolone 

acetonide (IVTA) (two injections of 2 mg IVTA 2 months apart). In addition to being 

defined by the presence of ≥10 DA of capillary non-perfusion on FFA, Ischaemic 

CRVO was identified in 40 patients (46%). (58)  In iCRVO, visual acuity significantly 

improved in both intravitreal bevacizumab (1.09 ± 0.62 logMAR at baseline to 0.57 ± 

0.44 log MAR at six months) and IVTA groups (0.95 ± 0.35 log MAR at baseline to 

0.79 ± 0.31 log MAR at six months), with the improvement being significantly greater 

after intravitreal bevacizumab. (58) Similarly, significant reduction in CST was 
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observed in both intravitreal bevacizumab (200 ± 126 µm) and IVTA (77 ± 104 µm) 

groups at six months, with greater CST reduction following intravitreal bevacizumab. 

(58)  No statistically significant differences in visual acuity or CST were found 

between iCRVO and non-iCRVO. (58) In patients with BRVO, iBRVO was present in 

52 patients (60%), as defined by the presence of ≥ 5 DA of capillary non-perfusion on 

FFA. (111)  In iBRVO, visual acuity significantly improved in both the intravitreal 

bevacizumab group (0.77 ± 0.24 logMAR at baseline to 0.37 ± 0.19 log MAR at six 

months) and the IVTA group (0.75 ± 0.31 log MAR at baseline to 0.58 ± 0.29 log 

MAR at six months), with improvement in visual acuity being significantly greater 

following intravitreal bevacizumab. (111) In a similar manner, significant reduction in 

CST was found in both intravitreal bevacizumab (125 ± 101 µm) and IVTA (68 ± 175 

µm) groups at six months, with CST reduction being significantly greater following 

intravitreal bevacizumab. (111)  A statistically significant difference in CST between 

iBRVO and non-iBRVO was detected, but no statistically significant difference in 

visual acuity was observed between iBRVO and non-iBRVO. (111) 

A prospective interventional study evaluated the effect of intravitreal 

bevacizumab (1.25 mg) in 16 patients with iCRVO defined by the presence of >30 

DA of retinal capillary non-perfusion and 30 patients with non-iCRVO (≤30 DA of 

retinal capillary non-perfusion) (39). In both, iCRVO and non-iCRVO, mean visual 

acuity and CST was observed to improve from baseline to six months, with no 

statistically significant difference between these groups in both outcomes (39).  

In another prospective RCT, Tomomatsu et al. (42) compared and combined 

targeted laser photocoagulation and intravitreal bevacizumab (1.25 mg) (n=19) with 

bevacizumab (1.25 mg) alone (n=19) in patients presenting with macular oedema 

secondary to iBRVO, defined by the presence of ≥ 5 DA of retinal capillary non-
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perfusion. Significant reduction of CST was observed two and three months following 

combined therapy in comparison to intravitreal bevacizumab monotherapy, which 

showed an increase in CST three months following treatment (42). The number of 

injections in the bevacizumab monotherapy group was observed to be statistically 

significantly greater (mean 1.57 ± SD 0.69) when compared to the combined laser + 

bevacizumab group (mean 0.83± SD 0.62) (42).  Moreover, the visual acuity improved 

significantly with combination therapy at six months (0.6 Log MAR at baseline to 0.3 

LogMAR), but not with bevacizumab monotherapy (0.65 LogMAR at baseline to 0.5 

LogMAR) (42). 

Regarding macular ischaemia, two large studies, namely, CRYSTAL (for 

CRVO) and BRIGHTER (for BRVO), examined the impact of ranibizumab therapy 

on patients with and without macular ischaemia. These studies did not describe 

outcomes separately for ischaemic and non-ischaemic RVOs (i.e. iCRVO and non-

iCRVO; iBRVO and non-iBRVO), as classified in section 2.3.1. Definition, above. 

These are discussed below. 

CRYSTAL was an open-label, single arm, multicentre prospective study 

which included 357 patients with CRVO.(73)  Patients were treated with monthly 0.5 

mg ranibizumab for a minimum of three injections as well as until stable visual acuity 

was maintained for three consecutive months.  Macular ischaemia, defined by degree 

of any capillary non-perfusion on FFA (mild, moderate, severe or completely 

destroyed) (see chapter I), was traced in at least one of the three subfields using 

ETDRS grid (central, inner ring subfield or outer ring subfield) on the macular region 

at baseline in 107 patients (30%). (73)  Of the eyes included, 54 eyes had iCRVO 

(definition of iCRVO was not given), but no separate data was provided for iCRVO 

and non-iCRVO.  Intravitreal ranibizumab led to a significant improvement of visual 
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acuity, with 63.8% of patients gaining ≥ 10 letters, 49.2% gaining ≥15 letters and 9% 

gaining ≥ 30 letters at 12 months- follow-up. (73)  In this study, an exploratory analysis 

demonstrated that the mean gain in visual acuity was not statistically significantly 

different between CRVO patients with macular ischaemia (11.6±14.92 ETDRS 

letters) as well as those without macular ischaemia (12.1± 18.10 ETDRS letters). (73) 

The number of intravitreal ranibizumab injections from baseline to 12 months was 

also not found to be statistically significant different between patients with macular 

ischaemia (7.5±2.9) as well as without macular ischaemia (8±2.9). (73)  

BRIGHTER (74) was an RCT that evaluated the effect of monthly 0.5 mg 

ranibizumab until stable visual acuity was maintained for three consecutive months 

(n=183), ranibizumab (0.5 mg) combined with macular laser (n=180) and macular 

laser monotherapy (n=92) in patients with macular oedema secondary to BRVO (74). 

BRIGHTER included patients with macular ischaemia, which is defined in 

congruence with the CRYSTAL study (see above). Macular ischaemia was present in 

113 out of 455 patients (24.8%) [ranibizumab (n=47), ranibizumab combined with 

macular laser (n=42), and macular laser monotherapy (n=24)] (74).  This included 47 

eyes with iBRVO (definition of iBRVO was not given), but data was not provided 

separately for iBRVO and non-iBRVO. The mean visual acuity at baseline was 57.7 ± 

12.88 ETDRS letters.  Improvement in visual acuity was observed to be greater 

following six months ranibizumab therapy with or without laser therapy (14.8 ±10.7 

and 14.8 ±11.13 ETDRS letters, respectively) in comparison to macular laser 

monotherapy (6.0 ± 14.7 ETDRS letters). (74) At six months, 65% and 54.5% of 

patients had attained a visual acuity of ≥ 73 letters in the ranibizumab and 

ranibizumab plus laser treatment groups, respectively, in comparison to 31% of 

patients receiving laser monotherapy. (74) An exploratory analysis did not find any 
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statistically significant difference in outcomes between patients with and without 

macular ischaemia. (74)  

Currently, there is paucity of data available on the efficacy and cost –

effectiveness of anti-VEGFs specifically for the treatment of ischaemic forms of 

CRVO and BRVO. NICE based their advice on the RCTs available, which excluded 

many patients with iRVO, which implies that the cost-effectiveness for this group 

specifically is truly unknown. In the United Kingdom, intravitreal anti-VEGFs and 

steroids can be given, if needed, for macular oedema regardless of the perfusion status 

of the retina.
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Table 5 Summary of studies on outcomes following anti-VEGF treatment in iCRVO (n=5), iBRVO (n=4) and macular ischaemia (n=2) 

 

Study Design Number of patients Definition of iRVO Outcomes for iRVO 

 

Additional comments 

Tulseva et al., 

2017 
(268)

 

RCT 

 

IVR Monthly  

injections for 3 

months  

followed by PRN 

IVR  

 

IVR+ SLP 

 

iCRVO=175 

 

IVR=87 

 

IVR+SLP=88 

Non-iCRVO=75 

(not included in 

analyses) 

≥10 DA or retinal CNP 

on FFA 

Mean number of IVR injections  at 24 

months: 

IVR=3+10.6±0.2 

IVR+SLP= 3+3.5±1.6+2.9±1.4 

Mean change of CST from baseline to 24 

months: 

IVR=626±298 to 290±214 

IVR+SLP=524±243 to 270±151 

Mean change of VA from baseline to 24 

months: 

IVR=0.22±0.2 to 0.45±0.21 Snellen chart 

IVR+SLP=0.25±0.15 to 0.52±0.15 Snellen 

chart 

 

 

RAVE 

Brown et al., 2014 
(68)

 

Prospective 

interventional 

study- 

 

Single arm 

 

IVR Monthly  

injections for 9 

months  

followed by PRN 

IVR  

 

iCRVO=20 

 

At 9 months:18 

At 12 months:17 

At 24 months:15 

At 36 months:13 

Non-iCRVO =0 Presence of 3/4 criteria:  

*Visual acuity ≤20/200 

*Loss of I-2e isopter on 

Goldman visual field  

*RAPD ≥0.9 log units 

*Reduction of b:a ration 

by≥60% of the 

corresponding a-wave 

ERG 

 

Change of mean ETDRS VA from baseline 

to final visit: 

At 9 months: 21.1 (-4 to 69) 

At 12 months: 14.1 (-21 to 63) 

At 24 months: 13.4 (-23 to 40) 

At 36 months: 21.4 (-23 to 74) 

Secondary outcomes: 

Proportion of patients gained ≥15 ETDRS 

letters at final visit: 

At 9 months:63% 

At 12 months:41% 

At 24 months:50% 

At 36 months:56% 

Proportion of patients with final VA≤20/400: 

39% (n=7) 

Mean reduction of CST at final visit: 

At 9 months: 294±41µm 

At 12 months: 91±73µm 

At 24 months: 254±74µm 

At 36 months: 282±69µm 

 

COPERNICUS 

Brown et al., 2013 
(32)

 

RCT 

 

IAI Monthly 

injection for 6 

months 

followed by  

PRN IAI  

 iCRVO=29 

 

 

IAI=17 

 

Sham=12 

 

Total 

Non-iCRVO= 

160 

 

IAI= 98 

 

Sham=62 

≥10 DA or retinal CNP 

on FFA 

Exploratory: 

Proportion of patients gained ≥15 ETDRS 

letters at 6 months: 

iCRVO: 

IAI=51.4% 

Sham= 4.3% 

Non-iCRVO: 

IAI=58.4% 

Sham=16.0% 

 Primary outcome: 

Proportion of eyes gained ≥15 ETDRS letters 

from baseline to 6 months: 

IAI= 56.1% 

Sham= 12.3% 

 Secondary outcomes: 

Change of VA from baseline to 6 months: 

IAI= 17.3 ETDRS letters 

Sham=-4.0 ETDRS letters 

Change of CST from baseline to 6 months:  
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 IAI= -457.2µm 

Sham= -144.8µm 

Change of NEI-VFQ-25 composite score 

from baseline to 6 months: 

IAI=7.2 

Sham=0.7 

 

Ramezani et al., 

2014 
(58)

 

RCT 

 

IVB Monthly 

injections for 3 

months 

 

IVTA   

2 injections, 2 

months apart 

 

 

iCRVO=40 

 

 

IVB=17 

 

ITVA=23 

Total non-

iCRVO= 46 

 

IVB=27 

 

IVTA=20 

≥10 DA or retinal CNP 

on FFA 

Exploratory: 

Mean change of visual acuity from baseline 

to 6 months: 

iCRVO: 

IVB= -0.52±0.25 LogMAR 

IVTA= -0.16±0.23 LogMAR 

Non-iCRVO: 

IVB= -0.43±0.21 LogMAR 

IVTA= -0.23±0.23 LogMAR 

Final VA (6 months): 

iCRVO: 

IVB= 0.57±0.44 LogMAR 

IVTA=0.79±0.31 LogMAR 

Non-iCRVO 

IVB= 0.3±0.22 LogMAR 

IVTA= 0.43±0.57 LogMAR 

Change of CST from baseline to 6 months: 

iCRVO: 

IVB= -200±126µm 

IVTA= -77±104µm 

Non-iCRVO: 

IVB= -119±110µm 

IVTA= -73±71µm 

 

 Primary outcome: 

Change of mean VA from baseline to 6 

months: 

IVB= from 0.87±0.49 to 0.41±0.35 LogMAR 

IVTA= from 0.81±0.45 to 0.62±0.48 

LogMAR 

(St. significant between the 2 groups) 

Change of CST from baseline to 6 months: 

IVB= -151±122µm 

IVTA= -75±89µm 

 

Priglinger et al., 

2007 
(39)

 

Prospective 

interventional 

study- 

 

Single arm 

 

IVB 2 monthly 

injection followed 

by PRN injections 

 

iCRVO=16 Non-iCRVO= 30 ≥30 DA or retinal CNP 

on FFA 

Exploratory: 

Change of mean VA from baseline to 6 

months: 

iCRVO: 

15.2±15.1 to 28.3 to 24 ETDRS letters 

Non-iCRVO: 

44.8±18.2 to 58.7±19.5 ETDRS letters 

Change of mean CST from baseline to 6 

months: 

iCRVO 

 Primary outcome: 

Change of mean VA from baseline to 6 

months: 

34.5±22.2 to 46.9±25.9 ETDRS letters 

Change of mean CST from baseline to 6 

months: 

535±148 to 323±116 µm 
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534±193 to 279±127µm 

Non-iCRVO: 

535±124 to 350±104µm 

 

VIBRANT 

Campochiaro et 

al., 2015 
(33)

 

RCT 

 

IAI Monthly 

injections for 6 

months, followed 

by PRN injections 

 

 

GMLP 

iBRVO= 36 

 

 

IAI=16 

 

GMLP=20 

Non-iBRVO= 

113 

 

IAI=75 

 

GMLP=72 

≥10 DA of retinal 

capillary non-perfusion 

on FFA 

Exploratory: 

Change of VA from baseline to 6 months: 

iBRVO: 

IAI= 19.1 ETDRS letters 

GMLP=11.3 ETDRS 

Non-iBRVO:  

IAI=14.3 ETDRS letters 

GMLP=5.7 ETDRS letters 

 

 Primary outcome: 

Proportion of eyes gained ≥15 ETDRS letters 

from baseline to 6 months: 

IAI= 52.7% 

GMLP= 26.7% 

Change of VA from baseline to 6 months: 

IAI: 17 ETDRS letters 

GMLP= 6.9 ETDRS letters 

 Secondary outcomes: 

Change of CST from baseline to 6 months:  

IAI= -280.5 µm 

Grid laser= -128.0µm 

Change of NEI-VFQ-25 composite score 

from baseline to 6 months: 

IAI= 7.7 

Grid laser=6.3 

 

VIBRANT Clark 

et al., 2016 
(157)

 

RCT 

 

IAI Monthly 

injections for 6 

months, followed 

by PRN injections 

 

 

GMLP 

iBRVO= 36 

 

 

IAI=16 

 

GMLP=20 

Non-iBRVO= 

113 

 

IAI=75 

 

GMLP=72 

≥10 DA of retinal 

capillary non-perfusion 

on FFA 

Exploratory: 

Change of VA from baseline to 12 months: 

iBRVO: 

IAI= 20.0 ETDRS letters 

GMLP=15.6 ETDRS 

Non-iBRVO:  

IAI=13.7 ETDRS letters 

GMLP=11.9 ETDRS letters 

 

 Primary outcome: 

Proportion of eyes gained ≥15 ETDRS letters 

from baseline to 12 months: 

IAI= 57.1% 

GMLP= 41.1% 

Change of VA from baseline to 6 months: 

IAI: 17.1 ETDRS letters 

GMLP= 12.2 ETDRS letters 

 Secondary outcomes: 

Change of CST from baseline to 6 months:  

IAI= -283.9 µm 

GMLP= -249.3µm 

Change of NEI-VFQ-25 composite score 

from baseline to 6 months: 

IAI= 9.4 

GMLP=8.3 
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Ramezani et al., 

2012 
(111)

 

RCT 

 

IVB Monthly 

injections for 3 

months 

 

IVTA   

2 injections, 2 

months apart 

 

iBRVO=52 Non-iBRVO=34 ≥5 DA of retinal CNP on 

FFA 

Exploratory: 

Change of VA from baseline to 6 months: 

iBRVO: 

IVB=-0.4±0.2LogMAR 

IVTA= -0.18±0.2LogMAR 

Non-iBRVO: 

IVB=-0.34±0.23LogMAR 

IVTA= -0.26±0.24LogMAR 

Final VA (6 months): 

iBRVO: 

IVB= 0.37±0.19 LogMAR 

IVTA=0.58±0.29 LogMAR 

Non-iBRVO: 

IVB= 0.22±0.21 LogMAR 

IVTA= 0.25±0.24 LogMAR 

Change of CST from baseline to 6 months: 

iBRVO: 

IVB= -125±101µm 

IVTA= -68±75µm 

Non-iBRVO: 

IVB= -77±144µm 

IVTA= -84±50µm 

 Primary outcome: 

Change of VA from baseline to 6 months: 

IVB= 0.68±0.25 to 0.31±0.21 LogMAR 

IVTA= 0.67±0.29 to 0.46±0.31 LogMAR 

 Secondary outcomes: 

Change of CST from baseline to 6 months: 

IVB= -103±103µm 

IVTA= -74±67µm 

 

Tomomatsu et al., 

2016 
(42)

 

RCT 

 

IVB  

 

IVB +targeted 

photocoagulation  

 

iBRVO=38 

 

IVB= 19 

 

IVB+ targeted laser 

photocoagulation= 

19 

Non-iBRVO=0 ≥5 DA of retinal CNP on 

FFA 
 Primary outcome: 

Change in mean VA from baseline to 6 

months: 

IVB= 0.65 to 0.5 LogMAR  

(not St. significant) 

IVB +targeted photocoagulation= (0.6 to 

0.3 LogMAR)  

(St. significant) 

CST: 

CST of IVB group was 

significantly greater than that of IVB + 

targeted photocoagulation group at 2 and 3 

months.  

The difference in CST insignificant at 4, 5 

and 6 months.  

 Secondary outcomes: 
Number of injections: 

IVB= 1.57 ±0.69  
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IVB+ targeted photocoagulation= 0.83± 

0.62 

Proportion of patients developed adverse 

events: 

IVB: 0% 

IVB +targeted photocoagulation: 0% 

 

CRYSTAL 

Larsen et al., 

2016 
(73)

 

Prospective 

interventional 

study- 

Single arm 

 

3 Monthly IVR 

(minimum 3 

injections) until 

stable visual 

acuity is 

maintained for 3 

consecutive 

months 

 

iCRVO=54 Non-iCRVO=300 iCRVO not defined 

 

Macular ischaemia: 

Enlargement of the FAZ 

secondary to broken 

perifoveal capillaries 

 

Exploratory: 

Mean gain of VA at 12 months: 

Macular ischaemia= 11.6±14.92 ETDRS 

letters  

No macular ischaemia=12.1± 18.10 ETDRS 

letters 

(not statistically significant) 

Final VA: 

Macular ischaemia: 66.1±18.96 ETDRS 

letters 

No macular ischaemia: 

67.7±21.23 ETDRS letters 

Mean umber of injections from baseline to 

12 months: 

Macular ischaemia=7.5±2.9 

No macular ischaemia= 8±2.9 

 

Mean change of VA from baseline to 12 

months: 

12.3±16.72 ETDRS letters 

Proportion of patients gained VA at 12 

months: 

≥10 ETDRS letters= 63.8% 

≥15 ETDRS letters=49.2% 

≥30 ETDRS letters=9% 

Mean change of CST from baseline to 12 

months:  

693.7±231.64µm to 358.0±203.38µm 

 

Macular 

ischaemia=107 

No macular 

ischaemia=250 

BRIGHTER 

Tadayoni et al., 

2016 
(74)

 

Prospective 

interventional 

study- 

 

3 Monthly IVR 

(minimum 3 

injections) until 

stable visual 

acuity is 

maintained for 3 

consecutive 

months 

And / or  

 

GMPL 

 

iBRVO= 

not stated 

 

Macular ischaemia= 

113 

 

IVR=47 

IVR+GMLP =42 

GMLP=24 

Non-iBRVO= 

Not stated 

 

No macular 

ischaemia= 342 

 

 

IVR=91 

IVR+GMLP= 

138 

GMLP= 68 

iBRVO not defined 

 

 

Macular ischaemia:  

Enlargement of the FAZ 

secondary to broken 

perifoveal capillaries 

 

 

Exploratory: 

Change of VA from baseline to 6 months: 

Macular ischaemia: 

IVR= 14±11 ETDRS letters 

IVR+ GMLP= 14±9 ETDRS letters 

GMLP=9±12 ETDRS letters 

No macular ischaemia: 

IVR= 12±10 ETDRS letters 

IVR+ GMLP= 12±9 ETDRS letters 

GMLP=3±17 ETDRS letters 

No statistical significant difference between 

ischaemia and no ischaemia 

 

Mean final VA  

macular ischaemia: 

IVR= 74.9±12.3 ETDRS letters 

IVR+ GMLP= 73.1±12.59 ETDRS letters 

GMLP=64.7±14.29 ETDRS letters 

 Primary outcome: 

Mean change of VA at 6 months: 

IVR= 14.8 ±10.7 ETDRS letters 

IVR+ GMLP= 14.8 ±11.13 ETDRS letters  

GMLP= 6.0 ± 14.7 ETDRS letters 

Proportion of patients gained VA≥ 73 

ETDRS letters: 

IVR =65%  

IVR+ macular laser = 54.5%  

GMLP= 31% 

 Secondary outcomes: 

Mean number of injections from baseline to 

6 months: 

IVR=4.8 

IVR+ GMLP=4.5 

Proportion of patients with adverse events: 

IVR= 28.3% 
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No macular ischaemia: 

IVR= 72.5±14.0 ETDRS letters 

IVR+ GMLP= 72.2±12.61 ETDRS letters 

GMLP=63.3±14.01 ETDRS letters 

 

IVR+ macular laser= 37.2% 

Macular laser= 13.6% 

 

 

iCRVO= ischaemic retinal vein occlusion; iBRVO= ischaemic retinal vein occlusion; GMLP= grid macular laser photocoagulation; FAZ= foveal avascular zone; IVR= intravitreal ranibizumab; IVB= intravitreal 

bevacizumab; ETDRS= early treatment diabetic retinopathy study; LogMAR= logarithm of  minimum angle of the resolution; VA= visual acuity; NEI-VFQ-25= 25 items national eye institute visual function 

questionnaire; IAI= intravitreal aflibercept; PRN= pre re nata; CST; central subfield thickness; DA; disc area; FFA; fundus fluorescein angiography; St. significance= statistical significance; CNP= capillary non-

perfusion; RCT= randomised clinical trial; RAPD= relative afferent pupillary defect ; ERG= electroretinography 
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 Corticosteroids 

Intravitreal triamcinolone acetonide (IVTA) and dexamethasone (IV DEX) are the 

two corticosteroids used to treat macular oedema secondary to CRVO and BRVO. 

Two RCTs, namely, SCORE (Standard Care vs COrticosteroid for REtinal vein 

occlusion) (11,14) and GENEVA (Global Evaluation of implaNtable dExamethasone in 

retinal Vein occlusion with macular oedema) investigated the efficacy and safety of 

these two treatments, respectively. SCORE compared IVTA with standard care 

(observation in CRVO (14) and macular laser in BRVO (11)) for the treatment of 

patients with macular oedema secondary to CRVO (n=271) (14)  and BRVO (n=411) 

(11).  SCORE included only three patients with iCRVO, which was defined by the 

presence of ≥10 DA of capillary non-perfusion on FFA, and 41 patients with iBRVO, 

defined by the presence of ≥5 DA of capillary non-perfusion.  No separate data was 

given for iRVO and non-iRVO with regards to the clearance of macular oedema or 

visual acuity improvement. (11,14) The treatment of macular oedema with the DEX 

implant in patients with CRVO and BRVO was evaluated in the GENEVA; however, 

the data was not provided separately for perfused and non-perfused cases. (12)   

Outcomes of intravitreal corticosteroids has been reported in the ischaemic 

forms of RVO in only seven studies, in which three are on iCRVO (IVTA=2 and IV 

DEX=1), three on iBRVO (IVTA=2 and IV DEX=1) and one on macular ischaemia 

secondary to RVO (IVTA=1). These studies are summarised in Table 6 and discussed 

below. In general, IVTA and IV DEX are less commonly used nowadays but still two 

available options that may benefit patients with iRVO to treat macular oedema. 

The use of IVTA (4 mg) was evaluated in patients with iCRVO (n=11) 

(defined by the presence of ≥10 DA of retinal capillary non-perfusion) and was 

compared to non-iCRVO (n=11) in a prospective interventional study by Ozdek et al. 
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(37). The study showed a significant reduction of CST in both iCRVO (from 766 ± 320 

µm at baseline to 441.7 ± 166.9 µm, at nine months) and non-iCRVO (from 667 ± 

223 µm at presentation to 320 ± 175.5 µm, at nine months) following treatment, with 

no statistically significant difference was found between these groups. (37) Complete 

resolution of macular oedema was reported in seven patients with non-iCRVO and 

four patients with iCRVO. (37) Improvement in visual acuity was also observed in both 

iCRVO and non-iCRVO, but it was found to be significant in non-iCRVO only. (37) 

An improvement of ≥ 3 Snellen lines of visual acuity was observed in 81.8% of the 

eyes with non-iCRVO, albeit only in 18.2% of those with iCRVO at nine months-

follow-up (37). Moreover, the mean final visual acuity among patients with iCRVO 

was very poor, 6/240 (20/800) Snellen (1.61 LogMAR) (~5 ETDRS letters). (37) 

In another prospective study of 17 patients with macular oedema secondary to 

BRVO, iBRVO, defined as the presence of ≥ 5DA of capillary non-perfusion on FFA, 

was present in 10 patients (192).   In this small study, no statistically significant 

differences were found in changes from baseline to six months follow-up in macular 

thickness, macular volume, macular sensitivity within the central 4°, 10°, and 20° 

fields or visual acuity as compared to the cases with iBRVO and non-iBRVO 

following treatment with IVTA (4 mg). (192)  

In a prospective interventional study including 18 patients with BRVO and 

macular ischaemia (defined by a broken perifoveal capillary ring at the border of the 

FAZ associated with a distinct area of capillary non-perfusion within one disk 

diameter of the foveal centre), a single injection of IVTA (4 mg) led to a significant 

reduction in macular oedema (CST on SD-OCT) at one month (n=17, 94%) and three 

months (n=13, 72%) follow-up. (269)  However, no significant improvement was 

observed at six, nine- or 12-months follow-up. (269) Improvement of visual acuity was 
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found to be significant at one-month follow-up only, but not at the other time points. 

(269) Only six out of the 12 patients that completed the 12-months follow-up (50%) 

showed improvement in visual acuity, ranging from one to six lines, and five out of 

these 12 had a final visual acuity of ≤ 6/60 (20/200) Snellen (~35 ETDRS letters). (269)    

In a prospective interventional study which included 29 patients with iCRVO, 

defined by the presence of ≥10 DA of capillary non-perfusion (n=15) and iBRVO, 

defined by the presence of ≥5 DA of capillary non-perfusion (n=14), the IV DEX 

implant showed a statistically significant reduction in macular oedema and an 

improvement in visual acuity at 12 months following treatment. (270) In this study, 

87% of iCRVO and 92% of iBRVO patients exhibited stabilisation or improvement in 

vision at 12 months, with 80% of eyes affected by iCRVO gaining more than one 

ETDRS line and 46% improving by over three lines, while 85% of eyes with iBRVO 

improved by one line and 35% by three lines. (270) Despite this improvement, the mean 

final visual acuity was ≤ 6/60 (20/200) Snellen in iCRVO and ≤6/19 (20/63) Snellen 

in iBRVO. (270) In iCRVO, the median CST reduced from 749 µm at baseline to 363 

µm at 12 months. Similarly, the median CST in those with iBRVO was found to 

improve from 459 µm at baseline to 323 µm at 12 months. (270) 
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Table 6 Summary of studies on outcomes following steroids treatment in iCRVO (n=3), iBRVO (n=3) and macular ischaemia (n=1) 
 

Study Design Number of patients Definition of iRVO Outcomes for iRVO 

 

Additional comments 

Ramezani et al., 

2014 
(58)

 

RCT 

 

IVB  

Monthly injections 

for 3 months 

 

IVTA   

2 injections, 2 

months apart 

 

 

iCRVO=40 

 

 

IVB=17 

 

ITVA=23 

Non-iCRVO= 46 

 

IVB=27 

 

IVTA=20 

≥10 DA or retinal CNP 

on FFA 

Exploratory: 

Mean change of visual acuity from baseline 

to 6 months: 

iCRVO: 

IVB= -0.52±0.25 LogMAR 

IVTA= -0.16±0.23 LogMAR 

Non-iCRVO: 

IVB= -0.43±0.21 LogMAR 

IVTA= -0.23±0.23 LogMAR 

Final VA (6 months): 

iCRVO: 

IVB= 0.57±0.44 LogMAR 

IVTA=0.79±0.31 LogMAR 

Non-iCRVO 

IVB= 0.3±0.22 LogMAR 

IVTA= 0.43±0.57 LogMAR 

Change of CST from baseline to 6 months: 

iCRVO: 

IVB= -200±126µm 

IVTA= -77±104µm 

Non-iCRVO: 

IVB= -119±110µm 

IVTA= -73±71µm 

 

 Primary outcome: 

Change of mean VA from baseline to 6 

months: 

IVB= from 0.87±0.49 to 0.41±0.35 

LogMAR 

IVTA= from 0.81±0.45 to 0.62±0.48 

LogMAR 

(St. significant between the 2 groups) 

Change of CST from baseline to 6 months: 

IVB= -151±122µm 

IVTA= -75±89µm 

 

Ozdek et al., 2005 
(37) 
 

Prospective 

interventional 

study 

 

Single arm 

 

IVTA 

 

iCRVO=11 Non-iCRVO=11 ≥10 DA of retinal CNP 

on FFA 

Primary outcomes: 

Change of CST from baseline to 9 months: 

iCRVO= 766±320 to 441.7±166µm 

Non-iCRVO= 667±223 to 320±175µm 

Number of patients with complete 

resolution of MO at final visit: 

iCRVO= 4 

Non-iCRVO=7 

Change of VA from baseline to 9 months: 

iCRVO= 1.61 to 1.62 LogMAR 

Non-iCRVO= 1.23 to 0.73 LogMAR 

Proportion of patients gained ≥3 Snellen 

line from baseline to 9 months: 

iCRVO= 18.2% 

 



Chapter II: Ischaemic retinal vein occlusion: A systematic review 

157 

 

Non-iCRVO= 81.1% 

 

 

Parodi et al., 

2015 
(38) 
 

Prospective 

interventional 

study 

 

Single arm 

 

IV DEX 

iCRVO=15 Non-iCRVO=0 ≥5 DA or retinal CNP on 

FFA 
 Primary outcomes: 

Mean change of VA from baseline to 12 

months: 

10 to 37 ETDRS letters 

 Secondary outcomes:  

Proportion of patients with stabilised or 

improved VA: 

87% 

Proportion of patients gained ≥1 ETDRS 

lines at 12 months: 

80% 

Proportion of patients gained ≥3 ETDRS 

lines at 12 months: 

46% 

Mean final visual acuity: 

≤20/200 

Mean change of CST from baseline to 12 

months: 

749 to 363 µm 

 

 

Noma et al., 2012 
(192) 
 

Prospective 

interventional 

study 

 

Single arm 

 

IVTA 

iBRVO=10 Non-iBRVO=7 ≥5 DA of retinal CNP on 

FFA 

Exploratory: 

Mean change of macular sensitivity at 4°, 

10°, 20° (from baseline to 6 months): 

iBRVO: 

4° = 6.5 to 9.5 dB 

10° = 8.5 to 10 dB  

20°= 9 to 10 dB 

Non-iBRVO: 

4°=9 to 11.5 dB 

10°= 10 to12 dB 

20°=10.5 to 12 dB 

Mean change of VA from baseline to 6 

months: 

iBRVO: 0.52 to 0.34 LogMAR 

Non-iBRVO: 0.44 to 0.22 LogMAR 

 

 Primary outcomes: 

Mean change of macular sensitivity at 4°, 

10°, 20° (from baseline to 6 months): 

4° = 6.5 to 10 dB 

10° = 8.5 to 10 dB  

20°= 9 to 9.5 dB 

 Secondary outcomes:  

Mean change of VA from baseline to 6 

months: 

0.52 to 0.34 LogMAR 

Mean change in macular thickness at 4°, 

10°, 20° (from baseline to 6 months): 

4°= 488 ± 120 to 309 ± 144µm 

10°= 426 ± 75 to 326 ± 99µm 

20°= 378 ± 60 to 305 ± 
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Ramezani et al., 

2012 
(111)

 

RCT 

IVB Monthly 

injections for 3 

months 

 

IVTA   

2 injections, 2 

months apart 

iBRVO=52 

 

IVB=24 

 

IVTA= 28 

Non-iBRVO=34 

 

IVB= 19 

 

IVTA= 15 

≥5 DA of retinal CNP on 

FFA 

Exploratory: 

Change of VA from baseline to 6 months: 

iBRVO: 

IVB=-0.4±0.2LogMAR 

IVTA= -0.18±0.2LogMAR 

Non-iBRVO: 

IVB=-0.34±0.23LogMAR 

IVTA= -0.26±0.24LogMAR 

Final VA (6 months): 

iBRVO: 

IVB= 0.37±0.19 LogMAR 

IVTA=0.58±0.29 LogMAR 

Non-iBRVO: 

IVB= 0.22±0.21 LogMAR 

IVTA= 0.25±0.24 LogMAR 

Change of CST from baseline to 6 months: 

iBRVO: 

IVB= -125±101µm 

IVTA= -68±75µm 

Non-iBRVO: 

IVB= -77±144µm 

IVTA= -84±50µm 

 Primary outcome: 

Change of VA from baseline to 6 months: 

IVB= 0.68±0.25 to 0.31±0.21 LogMAR 

IVTA= 0.67±0.29 to 0.46±0.31 LogMAR 

 Secondary outcomes: 

Change of CST from baseline to 6 months: 

IVB= -103±103µm 

IVTA= -74±67µm 

Parodi et al., 

2015 
(38)

 

Prospective 

interventional 

study 

 

Single arm 

 

IV DEX 

iBRVO=14 Non-iBRVO=0 ≥5 DA or retinal CNP on 

FFA 
 Primary outcomes: 

Change of VA from baseline to 12 months: 

48 to 62 ETDRS letters 

 Secondary outcomes:  

Proportion of patients with stabilised or 

improved VA: 

92% 

Proportion of patients gained ≥1 ETDRS 

lines at 12 months: 

85% 

Proportion of patients gained ≥3 ETDRS 

lines at 12 months: 

35% 

Mean final visual acuity: 

≤20/63 

Mean change of CST from baseline to 12 

months: 

459 µm to 323 
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Chen et al., 2006 
(269)

 

Prospective 

interventional 

study 

 

IVTA 

Macular 

ischaemia= 18 

No macular 

ischaemia= 0 

Enlargement of FAZ 

secondary to broken 

perifoveal capillaries 

associated with a distinct 

area of CNP within 1 

disk diameter of the 

foveal centre 

 

 Primary outcomes: 

 Mean change of VA from baseline to 9 

months: 

 0.81±0.36 to 0.65±0.35 LogMAR 

* Secondary outcomes: 

Proportion of patients gained 1-5 Snellen 

lines at 9 months: 

50% 

 

 

 

iCRVO= ischaemic retinal vein occlusion; iBRVO= ischaemic retinal vein occlusion; IVTA= intravitreal triamcinolone acetonide; IV DEX; intravitreal dexamethasone; GMLP= grid macular laser 

photocoagulation; FAZ= foveal avascular zone; IVR= intravitreal ranibizumab; IVB= intravitreal bevacizumab; ETDRS= early treatment diabetic retinopathy study; LogMAR= logarithm of  minimum angle of 

the resolution; VA= visual acuity; NEI-VFQ-25= 25 items national eye institute visual function questionnaire; IAI= intravitreal aflibercept; PRN= pre re nata; CST; central subfield thickness; DA; disc area; 

FFA; fundus fluorescein angiography; St. significance= statistical significance; CNP= capillary non-perfusion; RCT= randomised clinical trial; RAPD= relative afferent pupillary defect ; ERG= 

electroretinography 
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 Pars plana vitrectomy 

Pars plana vitrectomy with or without adjuvant procedures, such as internal limiting 

membrane peeling, was found to be effective in treating macular oedema secondary to 

iCRVO and iBRVO in several prospective uncontrolled interventional studies and 

retrospective case series. (71,271-277) However, none of these studies were RCTs and all 

of them had only a few patients (Table 7).  These studies found that pars plana 

vitrectomy helps in the resolution of macular oedema. However, improvement of 

visual acuity was limited. 

Vitrectomy with posterior hyaloid removal appeared to confer benefits in 

improving macular oedema and reducing CST (from 976 ± SD 196 μm at baseline to 

640 ± SD 191 μm at six months) in a prospective interventional study that included 10 

eyes with iCRVO. (277)  Visual acuity improved in six patients from a median of 

20/600 to 20/300, while it did not change in the remaining four (20/1600). (277)  In 

another prospective study involving 15 patients with iCRVO with persistent macular 

oedema, pars plana vitrectomy combined with inner limiting membrane (ILM) 

peeling showed a significant reduction of CST from baseline to six months follow-up 

(566±193µm to 406±160 µm). However, mean visual acuity did not show any 

significant improvement (from 0.88±0.57 to 0.93±0.51 LogMAR) (272)  

A small study evaluated outcomes of pars plana vitrectomy in patients with 

macular oedema secondary to iBRVO (n=13) and non-iBRVO (n=10) and showed 

statistically significant improvement in visual acuity (from 0.85 to 0.5 logMAR), 

macular thickness and macular volume on SD-OCT, as well as mean macular 

sensitivity on microperimetry within the central 4° (from 3 to 8 dB), 10° (from 4.5 to 

10.5 dB) and 20° fields (from 5.5 to 10 dB) at six months following treatment. (71) No 

significant differences were found between iBRVO and non-iBRVO regarding 
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macular thickness, macular volume, and visual acuity. However, a significant 

difference was found in the macular sensitivity within the central 4°, 10°, and 20° 

fields between iBRVO and non-iBRVO, with better sensitivity in non-iBRVO.  (71,278)
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Table 7 Summary of studies on outcomes following pars plana vitrectomy in iCRVO (n=3) and iBRVO (n=2) 

 

Study Design Number of patients Definition of iRVO Outcomes for iRVO 

 

Additional comments 

Leizaola-

Fernández et al., 

2005 

(277)
 

Prospective 

interventional 

study 

 

PPV+ posterior 

hyloid removal 

 

iCRVO=10 Non-iCRVO= 0 ≥10 DA or retinal CNP 

on FFA 

Mean change of CST from baseline to 6 

months: 

976 ± 196 μm to 640 ± 191 μm 

 

Final VA at 6 months: 

20/600 to 20/300, in 6 eyes 

20/1600, in 4 eyes 

 

 

Shirakate et al., 

2016 
(272)

 

Prospective 

interventional study 

 

Single arm 

 

 

PPV+ ILM peeling 

 

iCRVO=15 Non-iCRVO=0 ≥10DA of retinal CNP on 

FFA 

Mean change of CST from baseline to 6 

months: 

566±193µm to 406±160 µm 

 

Mean change of visual acuity from baseline 

to 6 months follow-up: 

0.88±0.57 to 0.93±0.51 LogMAR 

 

 

Raszewska-

Steglinska et al., 

2009 
(275)

 

Prospective 

interventional study 

 

Single arm 

 

 

PPV+ ILM peeling 

 

iCRVO= 15 

 

iBRVO=11 

Non-iCRVO=6 

 

Non-iBRVO=3 

Not defined Exploratory: 

No significant difference in VA 

improvement between iCRVO and non-

iCRVO 

 

No significant difference in VA 

improvement between iBRVO and non-

iBRVO 

 

Number of eyes with significant reduction 

in CST during follow-up of 12 months: 

CRVO=17  

BRVO=12 

Number of patients with improvement of 

3.7 Snellen lines: 

CRVO=14 

BRVO=10 

 

Noma et al., 2013 
(71,278)

 

Prospective 

interventional 

study 

 

PPV 

iBRVO=13 Non-iBRVO=10 ≥5 DA or retinal CNP on 

FFA 

Exploratory: 

Mean change of macular sensitivity at 4°, 

10°, 20° (from baseline to 6 months): 

iBRVO: 

4° = 3 to 8 dB 

10° = 4.5 to 10 dB  

20°= 5.5 to 10.5 dB 

Non-iBRVO: 

4°= 4.5 to 5.25 dB 

10°= 7.5 to 8 dB 

20°= 8 to 9 dB 

 Primary outcomes: 

Mean change of macular sensitivity at 4°, 

10°, 20° (from baseline to 6 months): 

4° = 3.5 to 7 dB 

10° = 5.8 to 9 dB  

20°= 6.5 to 9.5 dB 

 Primary outcomes: 

Mean change of VA from baseline to 6 

months: 

0.78 to 0.44 LogMAR 

Mean change in macular thickness at 4°, 

10°, 20° (from baseline to 6 months): 
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Mean change of VA from baseline to 6 

months: 

iBRVO: 0.82 to 0.5 LogMAR 

Non-iBRVO: 0.7 to 0.42 LogMAR 

 

4°= 550 to 300µm 

10°= 500 to 300µm 

20°= 425 to 325µm 

 

 

iCRVO= ischaemic retinal vein occlusion; iBRVO= ischaemic retinal vein occlusion; LogMAR= logarithm of minimum angle of the resolution; VA= visual acuity; CST; central subfield thickness; DA; disc 

area; FFA; fundus fluorescein angiography; St. significance= statistical significance; CNP= capillary non-perfusion 
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2) Treatment and prevention of neovascularisation/ proliferative retinopathy 

secondary to iRVO 

Studies have been conducted to test the effect of panretinal photocoagulation to 

prevent or treat neovascularisation and its consequences in patients with iRVO.  Anti-

VEGFs and steroids have not been tested in adequately powered RCTs for this 

purpose. However, several studies aimed at determining the effect of these treatments 

on macular oedema in patients with RVO have evaluated the occurrence of new 

vessels and complications related to these and, thus, provided information in this 

regard (Tables 8-11). 

 Laser photocoagulation 

Panretinal photocoagulation (PRP) leads to regression of neovascularisation in 

iCRVO. (5,41,45,59,256,258,279,280) PRP was associated with regression of angle and iris 

neovascularisation in patients with iCRVO wherein this complication was found to be 

present. (5)  The benefit of prophylactic PRP (i.e. prior to the development of anterior 

segment neovascularisation), in prevention of neovascularisation, has been 

investigated in several studies (CRVO=6, BRVO=3 and HCRVO=1). However, 

prophylactic PRP was not found to prevent the neovascular complications in patients 

with iCRVO, iBRVO or iHCRVO. (4,5,45,59,256,258,260) These studies are summarised in 

Table 8. 

In the CVOS, (5)  although PRP did lower the incidence of neovascular 

complications, the difference between treated and observed groups was not 

statistically significant. Therefore, it was recommended that PRP should be 

undertaken only as soon as neovascularisation develops. (5,45,59,256,258)  A study by 

Hayreh et al. (258) comparing prophylactic PRP-laser treated and observed untreated 

eyes of patients with iCRVO (n=123) over a period of ten years did not find any 
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statistically significant differences in visual acuity or incidence of neovascular 

complications, including angle neovascularisation, neovascular glaucoma, posterior 

segment neovascularisation, as well as vitreous haemorrhage between the two groups. 

(258) The incidence of iris neovascularisation in PRP-treated patients, however, was 

reduced if PRP was performed within the first 90 days of iCRVO onset. (258) Using 

Goldmann perimetry, the peripheral visual fields showed a statistically significant 

worsening in the laser-treated eyes as compared to untreated eyes. (258)  

The BVOS showed that prophylactic sector laser photocoagulation prior to 

development of neovascularisation and vitreous haemorrhage in patients with iBRVO 

lowered the risk, but did not completely prevent the development of new vessel 

formation and its associated complications.  Thus, like in the case of iCRVO, laser 

photocoagulation is recommended only when neovascularisation has occurred in 

iBRVO. (4)  Hayreh et al. (260) reported that untreated BRVO patients have 3.5 times 

higher risk in developing retinal neovascularisation than laser-treated patients, (260) but 

also observed that the treatment with laser did not have a beneficial effect in the 

visual acuity and actually exacerbated the visual field defects in comparison to no 

treatment. (260) 

Two studies investigated the effect of PRP on retinal blood flow. Retinal 

arterial blood flow was evaluated using colour Doppler flowmetry one month 

following PRP in patients with iCRVO (n=13) (defined by the presence of ≥10 cotton 

wool spots in a 45° fundus photography, ≥10 DA of capillary non-perfusion on FFA, 

and/or presence of neovascularisation of the iris) before being compared to that in 

patients with non-iCRVO (n=20) and healthy controls (n=22). (53)  Patients with 

iCRVO had statistically significantly lower blood flow within the ophthalmic and 

central retinal artery than those with non-iCRVO and healthy controls; PRP in iCRVO 
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group was found to further reduce the arterial blood flow. (53)  In contrast, in another 

study, which involved 12 patients with iCRVO, defined by the presence of ≥ 10 DA 

of capillary non-perfusion on FFA, observed that there was a significant increase in 

the retinal blood flow, using Heidelberg retinal flowmetry, one month after laser 

photocoagulation. However, the blood flow was still lower than in control subjects. 

(31) Hence, it is not clear as to how PRP affects the retinal blood flow in patients with 

iCRVO. 
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Table 8 Summary of studies reported incidence of neovascularisations following prophylactic PRP in iCRVO (n=6), iBRVO (n=3) and iHCRVO (n=1) 

 

Study Design Number of patients Definition of iRVO Incidence of neovascularisation 

 

CVOS, 1997 

Group N 
(5)

 

RCT 

 

Prophylactic PRP 

 

 

iCRVO= 181 

 

 Prophylactic PRP =90 

 

Observation=91 

 

Non-iCRVO= 0 ≥10 DA of retinal CPN on FFA Proportion of patients developed anterior segment NV during follow-

up of 36 months: 

Prophylactic PRP =20% 

Observation=35% 

Not St. significant 

Hayreh et al., 

1990 
(258)

 

Prospective clinical 

trial 

 

 

Prophylactic PRP 

 

iCRVO= 123 

 

Non-iCRVO= 0 Presence of: 

*Ocular NV 

OR 

*Marked retinal CNP on FFA (≥3/4 

of retinal surface involved) 

OR at least 3 of the following 

criteria: 

*RAPD≥1.2 log units 

*Marked amount of cotton wool 

spots (≥10 in the entire fundus) 

*VA ≤ counting fingers at 1- or 2-

feet distance 

*Visual fields defects using I2e, I4e 

& V4e 

 

Proportion of patients developed NVG during follow-up of 10 years: 

Prophylactic PRP = 47-50% 

Observation: 38-48% 

Proportion of patients developed NVI during follow-up of 10 years: 

Prophylactic PRP = 36% 

Observation= 65% 

Proportion of patients developed NVA during follow-up of 10 years: 

Prophylactic PRP =40% 

Observation=54-56% 

Proportion of patients developed NVD/ NVE during follow-up of 10 

years: 

Prophylactic PRP = 16-22% 

Observation= 13% 

Proportion of patients developed VH during follow-up of 10 years: 

Prophylactic PRP = 21-25% 

Observation= 13-15% 

 

RCT 

 

Prophlactic PRP 

iCRVO=21 Non-iCRVO= 0  Number of patients developed anterior segment NV/ NVG during 

follow-up of 10 years: 

Prophylactic PRP =2 

Observation=3 

Number of patients developed VH during follow-up of 10 years: 

Prophylactic PRP = 4 

Observation=2 

NVI/NVA: 

No St. significant between the 2 groups  

 

Magargal et 

al., 1982 
(59)

 

Prospective 

interventional study 

Single arm 

 

iCRVO=100 Non-iCRVO=0 Ischaemic index of ≥ 50% on FFA Number of patients developed NVG during follow-up of 16 months: 

0 

Number of patients developed NVI during follow-up of 16 months: 

3 
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Prophylactic PRP 

 

Number of patients developed VH during follow-up of 16 months: 

3 

Recupero et 

al., 2006 
(41)  

Prospective 

interventional study 

 

Prophylactic PRP 

 

iCRVO=28 

 

Non-iCRVO= 25 Ischaemic index of ≥ 10-50% (n=6) 

 

Ischaemic index of ≥50% (n=22) 

Number of patients developed NVI during follow-up of 12 months: 

6 

 

Kjeka et al., 

2013 
(45)

 

RCT 

 

Prophylactic PRP 

iCRVO=36 

 

Prophylactic PRP =18 

 

Observation =18 

 

Non-iCRVO=0 Implicit time of photopic b-wave in 

30 Hz flicker ERG ≥35 ms  

Number of patients developed anterior segment NV during follow-up 

of 36 months: 

Prophylactic PRP: 1  

(at 7 months)  

Observation: 18  

(1-14 months)  

Number of patients developed NVG during follow-up of 36 months: 

Prophylactic PRP = 0 

Observation: 12 

 

Laatikainen et 

al., 1977 
(256)

 

RCT 

 

Prophylactic PRP  

iCRVO=23 

 

Prophylactic PRP= 12 

Observation= 11 

 

 

Non-iCRVO= 25 

 

Prophylactic PRP=12 

 

Observation= 13 

Predominant retinal CNP on FFA Number of patients with NVI at presentation in iCRVO: 

Prophylactic PRP=5 

Observation=1 

Number of iCRVO patients developed NVI during follow-up of 12 

months: 

Prophylactic PRP =2 

Observation=5 

Number of iCRVO patients developed NVG during follow-up of 12 

months: 

Prophylactic PRP = 0 

Observation=2 

 

BVOS, 1986 
(4)

 

RCT 

 

Prophylactic PRP 

 

 

 

 

Group I=160 

(iBRVO and no NV) 

 

Prophylactic peripheral 

scatter PRP= 73 

 

Observation=87 

 

Non-iBRVO=159 

 

 

Prophylactic 

peripheral scatter 

PRP= 87 

 

Observation =72 

 

≥5 DA of retinal CPN on FFA 

 

Proportion of patients developed posterior segment NV during 3 years 

follow-up: 

Prophylactic PRP =12% 

Observation=23% 

No st. significant difference between the study groups 

 

RCT 

 

Prophylactic PRP 

 

Group II=82 

(iBRVO+NV) 

 

Prophylactic PRP = 41 

Non-iBRVO=0 

 

≥5 DA of retinal CPN on FFA 

 

Proportion of patients developed VH during 3 years follow-up: 

Prophylactic PRP =29% 

Observation=61% 
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Observation= 41 

 

RCT 

 

No treatment 

Group X=60 

(iBRVO and no NV) 

 

No treatment 

 

Non-iBRVO =0 ≥5 DA of retinal CPN on FFA 

 

Proportion of patients developed posterior segment NV during3 years 

follow-up: 

41% 

Hayreh et al., 

1993 
(260)

 

RCT 

 

Prophylactic PRP 

iHCRVO=42 

 

Prophylactic PRP=16 

 

Observation= 26 

 

 

 

 

 

Major BRVO=229 

 

Prophylactic PRP = 

48 

Observation=181 

 

 

Prophylactic scatter 

PRP  

Mild=7% 

Moderate=12% 

Severe=81% 

 

Observation  

Mild=37% 

Moderate=22% 

Severe=41% 

 

iHCRVO 

≥ 10 DA of retinal CNP on FFA 

Absent I-2e and I-4 isopter in 

Goldmann perimeter 

Extensive retinal haemorrhage  

large number of CWS on fundus 

examination  

 

Major BRVO: 

Standard FFA: 

Mild=retinal CNP involve<1/2 of 

retina 

Moderate= retinal CNP involve ½-

3/4 of retina. 

Severe= retinal CNP involve>3/4 of 

retina 

Proportion of patients developed NVR during follow-up of 3 years: 

Prophylactic PRP = 5.3-8.3% 

Observation= 14.8-27.5% 

Proportion of patients developed NVD during follow-up of 3 years: 

Prophylactic PRP= 8.3-10.5% 

Observation=10.3-21.7% 

Proportion of patients developed VH during follow-up of 3 years: 

Prophylactic PRP= 30.3% 

Observation=72.7% 

 

 

iCRVO= ischaemic retinal vein occlusion; iBRVO= ischaemic retinal vein occlusion; iHCRV= ischaemic hemi-central retinal vein occlusion; PRP= pan-retinal laser photocoagulation; NV= neovascularisation; 

NVI= iris neovascularisation; NVA= angle neovascularisation; NVR= retinal neovascularisation; NVD= disc neovascularisation; NVG= neovascular glaucoma; VH; vitreous haemorrhage; FAZ= foveal avascular 

zone; VA= visual acuity; DA; disc area; FFA; fundus fluorescein angiography; St. significance= statistical significance; CNP= capillary non-perfusion; RCT= randomised clinical trial; RAPD= relative afferent 

pupillary defect ; ERG= electroretinography 
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 Anti-VEGF therapy 

Several studies have reported incidences of neovascularisation and neovascular 

complications following anti-VEGF therapy in patients with iCRVO (n=10), iBRVO 

(n=3) and macular ischaemia secondary to RVO (n=2). Treatment with intravitreal 

anti-VEGF did not eliminate the risk of developing ocular neovascularisation in 

patients with RVO. These studies have been summarised in Table 9. 

In CRUISE, a lower incidence of iris neovascularisation and neovascular 

glaucoma was reported in CRVO patients in ranibizumab-treated eyes as compared to 

sham-treated eyes. (9) In RAVE, neovascular complications still occurred in 50% of 

patients with iCRVO following intravitreal ranibizumab during a follow-up period of 

36 months. (68)  Of these, 33% developed posterior segment neovascularisation, 28% 

anterior segment neovascularisation and 11% both. (68)  In this study, 12 patients with 

iCRVO were assessed with WA-FFA and the extension of the area of non-perfusion 

continued to progress over time even with ranibizumab therapy. (226)  In contrast, a 

retrospective post hoc analysis of CRUISE and BRAVO (281) evaluating the effect of 

ranibizumab therapy on the area of retinal capillary non-perfusion on standard FFA 

found that in CRVO, the percentage of patients with no capillary non-perfusion 

increased in ranibizumab-treated groups at six months (from 77.1% at baseline to 

84% with 0.3 mg ranibizumab and from 78.8 at baseline to 82% with 0.5 mg 

ranibizumab) and was found to be significantly greater than that of the sham group, 

which reflected a decrease in the percentage of patients with no capillary non-

perfusion from 83.0% at baseline to 67.0% at six months. (281)  Reperfusion of non-

perfused retina was rare (1%) in sham-treated patients with CRVO, but it did occur in 

6% to 8% of patients treated with ranibizumab. (281)   
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In BRAVO, the percentage of patients with no capillary non-perfusion 

decreased in both ranibizumab-treated and sham treated groups, over time but it was 

significantly higher in the ranibizumab-treated group as compared to the sham-treated 

group. (281)  Thus, 67% of sham-treated eyes had retinal capillary non-perfusion 

compared with approximately 50% of ranibizumab-treated eyes. (281) In BRIGHTER, 

none of the patients with BRVO (with or without macular ischaemia) developed iris 

or retinal neovascularisation or neovascular glaucoma during the study’s six-months 

follow-up period; vitreous haemorrhage occurred in 0.06 % of patients treated with 

ranibizumab, 1.1% of those receiving combined ranibizumab and laser 

photocoagulation and in none of those receiving laser monotherapy. (74)  

A RCT by Epstein et al. (159) which included a total of 60 patients with CRVO 

reported development of iris neovascularisation in 16.7% of patients with CRVO at 

six months in the sham-treated group in comparison to none in the bevacizumab-

treated group. (159)   

Similar to the effects observed following intravitreal ranibizumab and 

bevacizumab, intravitreal aflibercept was not found to eliminate the risk of 

neovascularisation in patients with iRVO, but its ability to reduce its development 

cannot be ruled out. Thus, GALILEO reported the occurrence of anterior as well as 

posterior segment neovascularisation secondary to CRVO in 2.9% of aflibercept-

treated eyes in comparison to 4.4% of eyes in the sham-treated group at 24-weeks; 

four-weekly aflibercept injections were given for the first 20 weeks in aflibercept 

treated eyes. (13) This difference was no longer observed at 76-weeks, but aflibercept 

was administered, as needed, after 24 weeks in both groups, as a result of which the 

number of injections declined.  At 76-weeks, a higher incidence of anterior and 

posterior segment neovascularisation was detected in both aflibercept-treated (7.8%) 
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and sham-treated eyes (8.8%) than at 24 weeks follow-up. (158)  COPERNICUS, 

which also administered four-weekly aflibercept for the first 20 weeks in the 

aflibercept treated group and as needed afterward in both groups, reported the 

development of anterior segment neovascularisation in none of the aflibercept-treated 

groups, as compared to 6.8% of patients with CRVO in the sham-treated group, at 12 

months-follow-up, who then received PRP to treat the neovascularisation. (32)  

VIBRANT also administered aflibercept four-weekly for the first 20 weeks in 

the aflibercept group and, as needed, afterwards in both aflibercept and macular laser 

groups (see above), and reported retinal neovascularisation secondary to BRVO in 3% 

of patients in the laser-treated group at six months, albeit it no cases in the aflibercept-

treated group. (33)  The proportion of patients with a perfused retina (defined by the 

presence of <10 DA of capillary non-perfusion on FFA) at baseline was 60% in the 

aflibercept group and 69% in the laser group, whereas it increased to 80% in the 

aflibercept group, but decreased to 67.1% in the laser treated group at six months. (33)  

A small RCT covering 19 patients with iCRVO evaluated the effect on 

neovascular glaucoma, which is defined by the presence of iris or anterior chamber 

angle neovascularisation and IOP greater than 22 mmHg, of a single intravitreal 

bevacizumab injection (1.25 mg), followed by PRP one week after injection (n=10) 

and compared it to that of PRP alone (n=9). (195) This study reported faster regression 

of iris/ angle neovascularisation with the bevacizumab/PRP group as compared to the 

PRP group, suggesting that intravitreal bevacizumab in combination with PRP is 

useful in the treatment of neovascular glaucoma by accelerating the resolution of iris/ 

angle neovascularisation. (195) 
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Table 9 Summary of studies reported incidence of neovascularisations following anti-VEGF therapy in CRVO (n=10), BRVO (n=3) and macular ischaemia (n=2) 

Study 

 

Design Number of patients Definition of iRVO Incidence of neovascularisation 

CRUISE 

Brown et al., 

2010 
(9)

 

RCT 

 

IVR monthly for 6 

months 

 

Sham 

iCRVO=2 

 

IVR= 2 

 

Sham=0 

Non-iCRVO=390 

 

IVR= 260 

 

Sham= 130 

≥10 DA of retinal CNP on FFA 

 

Number of patients with neovascular complications during follow-up 

of 6 months: 

IVR (0.3 mg) = 0 

IVR (0.5 mg) = 1 NVI 

Sham = 1 VH 

Tultseva et al., 

2017 
(268)

 

RCT 

 

IVR Monthly  

injections for 3 

months  

followed by PRN 

IVR  

 

IVR+ SLP 

iCRVO=175 

 

IVR=87 

 

IVR+SLP=88 

Non-iCRVO=75 

(not included in 

analyses) 

≥10 DA or retinal CNP on FFA Number of patients with anterior segment neovascularisation during 

follow-up of 24 months: 

IVR = 4 

IVR + SLP= 1 NVI 

Number of patients with posterior segment neovascularisation during 

follow-up of 24 months: 

IVR= 2 

IVR + SLP= 0 

 

RAVE 

Brown et al., 

2014 
(68)

 

Prospective 

interventional study 

 

IVR Monthly 

injections for 9 

months followed by 

PRN IVR 

iCRVO=20 

 

At 9 months:18 

At 12 months:17 

At 24 months:15 

At 36 months:13 

 

Non-iCRVO=0 

 

Presence of 3/4 criteria:  

*Visual acuity ≤20/200 *Loss of I-

2e isopter on Goldman visual field  

*RAPD ≥0.9 log units *Reduction 

of b:a ration by≥60% of the 

corresponding a-wave 

 

Proportion of patients developed NV during follow up of 9 months: 

Any NV: 50% (n=9) 

Posterior segment NV=33% (n=6) 

Anterior segment NV= 28% (n=5) 

Both anterior and posterior NV= 11% (n=2) 

NVG=0% (n=0) 

VH= 28% (n=5) 

 

Wykoff et al., 

2015 
(226)

 

Post hoc analysis: 

RAVE 

 

IVR Monthly 

injections for 9 

months followed by 

PRN IVR 

iCRVO=12 Non-iCRVO=0 Presence of 3/4 criteria:  

*Visual acuity ≤20/200 *Loss of I-

2e isopter on Goldman visual field  

*RAPD ≥0.9 log units *Reduction 

of b:a ration by≥60% of the 

corresponding a-wave 

 

Number of patients developed any NV during follow up of 36 

months: 

5 (42%) 

 

ROCC 

Kinge et al., 2010 
(15)

 

RCT  

 

IVR Monthly 

injections for 3 

months followed by 

PRN IVR 

iCRVO=5 

 

IVR=1 

 

Sham =4 

 

Non-iCRVO= 24 

 

IVR= 14 

 

Sham=10 

≥5 DA of retinal capillary non-

perfusion on FFA 

Number of patients with neovascular complications during follow up 

of 6 months: 

IVR=2 VH 

Sham= 1 NV 
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Ramezani et al., 

2014 
(58)

 

RCT 

IVB Monthly 

injections for 3 

months 

 

IVTA   

2 injections, 2 

months apart 

 

iCRVO=40 

 

IVB= 17 

 

IVTA= 23 

Non-iCRVO=46 

 

IVB= 26 

 

IVTA= 20 

≥10 DA of retinal CNP on FFA Proportion of patients developed NV during follow-up of 6 months: 

IVB=0% (n=0) 

IVTA=0% (n=0) 

GALILEO 

Holz et al., 2013 
(13)

 

RCT 

 

IAI monthly 

injections for 6 

months 

iCRVO=14 

IAI= 7 

 

Sham= 7 

Non-iCRVO=157 

IAI=96 

 

Sham= 61 

≥10 DA of retinal CPN on FFA 

 

Proportion of patients developed NV during follow-up of 6 months: 

IAI= 2.9% (n=3) 

Sham=4.4% (n=3) 

 

COPERNICUS 

Brown et al., 

2013 
(32)

 

RCT 

 

IAI monthly 

injections for 6 

months followed by 

PRV IAI 

iCRVO= 29 

 

IAI=17 

 

Sham =12 

 

Non-iCRVO=160 

 

IAI= 98 

 

Sham= 62 

≥10 DA or retinal CNP on FFA Proportion of patients developed NV during follow up of 12 months: 

IAI= 0% 

Sham=6.8% (n=5) 

 

Epstein et al., 

2012 
(20)

 

IVB 

Monthly for 6 

months followed by 

PRN IVB 

 

CRVO= 60 

 

IVB= 30 

 

Sham= 30 

 

iCRVO was not defined Proportion of patients developed NVI during follow-up of 12 months: 

IVB=0% 

Sham= 16.7% 

 

Wittstrom et al., 

2011 
(282)

 

RCT 

 

IVB single injection 

+PRP 

 

PRP 

 

iCRVO + NVG= 19 

 

IVB+PRP=10 

 

PRP=9 

Non-iCRVO=0 CRVO with NVI/NVA and IOP>22 

mmHg 

Reduction in NVI/ NVA grades at 1 week: 

IVB+ PRP= significant 

PRP= significant 

(NVI regression was faster in IVB+ PRP than PRP alone)  

 

Ramezani et al., 

2012 
(111)

 

IVB Monthly 

injections for 3 

months 

 

IVTA   

2 injections, 2 

months apart 

 

iBRVO=52 

 

IVB= 24 

 

IVTA= 28 

Non-iBRVO=34 

 

IVB= 19 

 

IVTA= 15 

≥5 DA of retinal CNP on FFA Proportion of patients developed neovascular complications during 

follow-up of 6 months: 

IVB= 0% 

IVTA= 0% 

VIBRANT RCT 

 

iBRVO=36 

 

Non-iBRVO= 117 

 

≥10 DA or retinal CNP on FFA Proportion of patients developed NVR during follow-up of 6 months: 

IAI=0% 
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Campochiaro et 

al., 2015 
(33)

 

IAI monthly 

injections for 6 

months followed by 

PRV IAI 

 

IAI=16 

 

GMLP=20 

 

IAI= 75 

 

GMLP= 70 

GMLP= 3% 

Proportion of patients with perfused retina during follow-up of 6 

months: 

IAI= 60.4% to 80.2% 

GMLP= 68.9% to 67.1% 

 

Tomomatsu et 

al., 2016 
(42)

 

RCT 

 

IVB  

 

IVB +targeted 

photocoagulation  

 

iBRVO= 38 

 

IVB= 19 

 

IVB+ targeted laser 

photocoagulation= 19 

Non-iBRVO= 0 ≥5 DA of retinal CNP on FFA Proportion of patients developed Neovascular complications during 

follow-up: 

IVB: 0% 

IVB +targeted photocoagulation: 0% 

 

CRYSTAL 

Larsen et al., 

2016 
(73)

 

Prospective 

interventional study 

iCRVO=not stated 

Macular ischaemia= 107 

 

 

iCRVO=54 

iCRVO= not stated 

No macular ischaemia= 

250 

 

Non-iCRVO=300 

 

Enlargement of the FAZ secondary 

to broken perifoveal capillaries 

 

iCRVO was not defined 

 

Number of patients developed VH during follow-up of 24 months: 

1 (0.3%) 

 

BRIGHTER 

Tadayoni et al., 

2016 
(74)

 

RCT 

 

3 Monthly IVR 

(minimum 3 

injections) until 

stable visual acuity is 

maintained for 3 

consecutive months 

 

iBRVO= not stated 

 

 

Macular ischaemia=113 

 

 

IVR=47 

IVR+GMLP =42 

GMLP=24 

Non-iBRVO= not stated 

 

No macular ischaemia= 

342 

 

IVR=91 

IVR+GMLP= 138 

GMLP= 68 

Enlargement of the FAZ secondary 

to broken perifoveal capillaries 

 

iBRVO was not defined 

Proportion of patients developed NVI/NVG/NVR during follow up 

of 24 months: 

IVR= 0% 

IVR+ macular laser= 0% 

GMLP= 0% 

 

Proportion of patients developed VH follow-up of 24 months: 

IVR= 0.06% 

IVR+ GMLP= 1.1% 

GMLP= 0% 

 

 

iCRVO= ischaemic retinal vein occlusion; iBRVO= ischaemic retinal vein occlusion; PRP= pan-retinal laser photocoagulation; NV= neovascularisation; NVI= iris neovascularisation; NVA= angle 

neovascularisation; NVR= retinal neovascularisation; NVD= disc neovascularisation; NVG= neovascular glaucoma; VH; vitreous haemorrhage; GMLP= grid macular laser photocoagulation; FAZ= foveal 

avascular zone; IVR= intravitreal ranibizumab; IVB= intravitreal bevacizumab; ETDRS= early treatment diabetic retinopathy study; LogMAR= logarithm of  minimum angle of the resolution; VA= visual acuity; 

IAI= intravitreal aflibercept; PRN+ pre re nata; CST; central subfield thickness; DA; disc area; FFA; fundus fluorescein angiography; St. significance= statistical significance; CNP= capillary non-perfusion; RCT= 

randomised clinical trial; RAPD= relative afferent pupillary defect ; ERG= electroretinography 
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 Corticosteroids 

Several studies have reported neovascularisation and neovascular complications 

following intravitreal triamcinolone acetonide and intravitreal dexamethasone in 

patients with CRVO (n=7), BRVO (n=6) and macular ischaemia secondary to RVO 

(n=1). These studies have been summarised in Table 10 and discussed below.  In 

general, corticosteroids have not been found to prevent the development of 

neovascularisation or neovascular complications. 

In SCORE, intravitreal triamcinolone acetonide did not appear to modify the 

risk of development of ocular neovascularisation, including iris neovascularisation, 

neovascular glaucoma, posterior segment neovascularisation and vitreous 

haemorrhage/pre-retinal haemorrhage, in comparison to laser. (283) A multivariable 

analysis in SCORE-BRVO estimated a 9% increased risk of a neovascular event for 

each disc area of increase in retinal capillary non-perfusion at baseline. (283)  Further 

analysis was undertaken in which disc areas of retinal capillary non-perfusion were 

considered to be a time-varying covariate from baseline and throughout the course of 

the follow-up using a multivariate Cox regression model. In this analysis for the 

SCORE-BRVO, a 5% increase was found in hazard of a neovascular event for each 

disc area of increased retinal capillary non-perfusion, and 3.8 times increase in hazard 

for a neovascular event as compared to eyes with ≥ 5.5-disc areas versus < 5.5-disc 

areas of retinal capillary non-perfusion. (283)  In contrast, in SCORE-CRVO 

multivariable analysis did not show significant associations of any baseline factors 

with neovascular events. (283)  

In GENEVA, the incidence of retinal neovascularisation was found to be 

statistically significantly lower in the 0.7 mg and 0.35 mg DEX-treated groups (0.7% 

and 1%, respectively) than in the sham group (2.6%) at six months for CRVO and 



Chapter II: Ischaemic retinal vein occlusion: A systematic review 

177 

 

BRVO. (12)  However, a post-hoc analysis revealed an increase in the mean area of 

overall non-perfusion as well as in the mean area of macular capillary non-perfusion 

from baseline to six months in both DEX and sham groups without any statistically 

significant differences between the two. (72)  In a small prospective interventional 

study conducted by Parodi et al. (270) none of the 29 eyes with iCRVO (n=15) or 

iBRVO (n=14) treated with DEX implant developed ocular neovascularisation at 12 

months after treatment. (270) 
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Table 10 Summary of studies reported incidence of neovascularisations following steroids therapy in CRVO (n=7) BRVO (n=6) and macular ischaemia (n=1)  

Study 

 

Design Number of patients Definition of iRVO Incidence of neovascularisation 

SCORE-CRVO 

Ip et al., 2009 
(14)

 

RCT 

 

IVTA (1 mg)  

 

IVTA (4 mg)  

 

Observation  

iCRVO=3 

 

IVTA (1 mg)=1 

 

IVTA (4 mg)=2 

 

Observation=0 

Non-iCRVO= 268 

 

IVTA (1 mg)=91 

 

IVTA (4 mg)=89 

 

Observation=88 

≥10 DA of retinal CNP on FFA Number of patients developed NVI/NVG during follow-up of 12 

months: 

IVTA (1mg) = 9 

IVTA (4 mg) = 4 

Observation=2  

Number of patients developed NVR during follow-up of 12 months:  

IVTA (1mg) = 2 

IVTA (4 mg) = 2 

Observation=4 

Number of patients developed VH during follow-up of 12 months: 

IVTA (1mg) = 4 

IVTA (4 mg) = 0 

Observation=4 

SCORE-CRVO 

Chan et al., 2011 
(283)

 

RCT 

 

IVTA (1 mg)  

 

IVTA (4 mg)  

 

Observation 

 

CRVO=81 ≥10 DA of retinal CNP on FFA Overall 36-months incidence of NVI: 

3.2% 

Overall 36-months incidence of NVG: 

5.8% 

Overall 36-months incidence of NVD/ NVE: 

3.6% 

Overall 36-months incidence of PRH/VH: 

7.6 

36-months incidence of NVG: 

IVTA (1mg) = 6.6% 

IVTA (4 mg) = 8.1% 

Observation=2.8% 

36-months incidence of NVI: 

IVTA (1mg) = 5.2% 

IVTA (4 mg) = 1.3% 

Observation= 3% 

36-months incidence of NVD/E: 

IVTA (1mg) = 4.6% 

IVTA (4 mg) = 1.1% 

Observation= 5.1% 

36-months incidence of NVI: 
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IVTA (1mg) = 10.8% 

IVTA (4 mg) = 7.2% 

Observation= 4.7% 

36-months cumulative incidence of NVD/NVE or PRH/VH: 

≥5.5% DA of CNP=24.1% 

<5.5 DA of CNP=6.1% 

36-months cumulative incidence of NVD/NVE: 

≥5.5% DA of CNP=17.2% 

<5.5 DA of CNP=1.1% 

36-months cumulative incidence of PRH/VH: 

≥5.5% DA of CNP=22.6% 

<5.5 DA of CNP=4.9% 

36-months cumulative incidence of NVG/NVI: 

≥5.5% DA of CNP=23.6% 

<5.5 DA of CNP=5.9% 

36-months cumulative incidence of NVG: 

≥5.5% DA of CNP=16.6% 

<5.5 DA of CNP=4% 

 

Ozdek et al., 

2005 
(37)

 

Prospective 

interventional study 

 

IVTA (4 mg) 

 

iCRVO=11 Non-iCRVO=11 ≥10 DA of retinal CNP on FFA Proportion of patients developed neoovascular complications at 12 

months: 

27% (n=3) 

GENEVA 

Haller et al., 

2010 
(12)

 

RCT 

 

IV DEX (0.7 mg)  

 

IV DEX (0.35 mg) 

 

Sham 

 

CRVO= 437 

 

IV DEX (0.7 mg) = 136 

 

IV DEX (0.35 mg)= 154 

 

Sham =147 

 

Not defined Number of patients developed NVR during follow-up of 6 months: 

IV DEX (0.7 mg) = 3 (0.7%) 

IV DEX (0.35 mg) = 4 (1%) 

Sham = 11 (2.6%) 

Number of patients developed VH during follow-up of 6 months: 

IV DEX (0.7 mg) = 10 (2.4%) 

IV DEX (0.35 mg) = 13(3.2%) 

Sham = 12 (2.8%) 

 

Ramezani et al., 

2014 
(58)  

RCT 

IVB Monthly 

injections for 3 

months 

 

IVTA   

2 injections, 2 

months apart 

 

iCRVO=40 

 

IVB= 17 

 

IVTA= 23 

Non-iCRVO=46 

 

IVB= 26 

 

IVTA= 20 

≥10 DA of retinal CNP on FFA Proportion of patients developed NV during follow-up of 6 months: 

IVB=0% (n=0) 

IVTA=0% (n=0) 
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Sadda et a., 2013 
(72)

 

Post hoc analysis 

(GENEVA) 

 

IV DEX 

iRVO= 16 

 

IV DEX=7 

 

Sham= 9 

Non-iRVO= 137 

 

IV DEX= 67 

 

Sham= 70 

≥10 DA of retinal CNP on FFA Proportion of patients with active NV from baseline to 6 months: 

IV DEX= 7.3-7.5% 

Sham= 10.2-16.2% 

 

Parodi et al., 

2015 
(38)

 

Prospective 

interventional study 

IV DEX 

 

iCRVO= 15 Non-iCRVO=0 ≥10 DA of retinal CNP on FFA Number of patients with NVI/NVA at presentation: 

5 

Number of patients developed new neovascular complications during 

follow-up of 12 months: 

0 

 

SCORE-BRVO 

Scott et al., 2009 
(11)

 

RCT  

 

IVTA (1 mg)  

 

IVTA (4 mg)  

 

GMLP  

iBRVO= 41 

 

IVTA (1 mg)= 17 

 

IVTA (4 mg)=12 

 

GMLP=12 

Non-iBRVO=370 

 

IVTA (1 mg)= 119 

 

IVTA (4 mg)=126 

 

GMLP= 125 

≥5 DA of retinal CNP on FFA Number of patients developed NVI/NVG during follow-up of 12 

months: 

IVTA (1mg) = 1 

IVTA (4 mg) = 2 

Observation=1 

Number of patients developed NVR during follow-up of 12 months: 

IVTA (1mg) = 1 

IVTA (4 mg) = 3 

Observation=5 

Number of patients developed VH during follow-up of 12 months: 

IVTA (1mg) = 1 

IVTA (4 mg) = 3 

Observation=2 

 

SCORE-BRVO 

Chan et al., 2011 
(283)

 

RCT 

 

IVTA (1 mg)  

 

IVTA (4 mg)  

 

GMLP 

 

 

BRVO= 128 ≥5 DA of retinal CNP on FFA Overall 36-months incidence of NVI: 

0.3% 

Overall 36-months incidence of NVG: 

2.2% 

Overall 36-months incidence of NVD/ NVE: 

5.8% 

Overall 36-months incidence of PRH/VH: 

3.8% 

36-months incidence of NVG: 

IVTA (1mg) = 1% 

IVTA (4 mg) = 4.8% 

Grid laser=0.8% 

36-months incidence of NVI: 

IVTA (1mg) = 0.8% 

IVTA (4 mg) = 0% 

Grid laser= 0% 
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36-months incidence of NVD/E: 

IVTA (1mg) = 4.1% 

IVTA (4 mg) = 3.9% 

Grid laser= 9.5% 

36-months incidence of NVI: 

IVTA (1mg) = 5.4% 

IVTA (4 mg) = 1.7% 

Grid laser= 4.1% 

36-months cumulative incidence of NVD/NVE or PRH/VH: 

≥5.5% DA of CNP=17.8% 

<5.5 DA of CNP=3.6% 

36-months cumulative incidence of NVD/NVE: 

≥5.5% DA of CNP=14.6% 

<5.5 DA of CNP=2.4% 

36-months cumulative incidence of PRH/VH: 

≥5.5% DA of CNP=8.7% 

<5.5 DA of CNP=1.9% 

36-months cumulative incidence of NVG/NVI: 

≥5.5% DA of CNP=2.1% 

<5.5 DA of CNP=2.6% 

36-months cumulative incidence of NVG: 

≥5.5% DA of CNP=2.1% 

<5.5 DA of CNP=2.2% 

36-months cumulative incidence of NVI: 

≥5.5% DA of CNP=0% 

<5.5 DA of CNP=0.4% 

 

Ramezani et al., 

2012 
(111)

 

IVB Monthly 

injections for 3 

months 

 

IVTA   

2 injections, 2 

months apart 

 

iBRVO=52 

 

IVB= 24 

 

IVTA= 28 

Non-iBRVO=34 

 

IVB= 19 

 

IVTA= 15 

≥5 DA of retinal CNP on FFA Proportion of patients developed neovascular complications during 

follow-up of 6 months: 

IVB= 0% 

IVTA= 0% 

GENEVA 

Haller et al., 

2010 
(12)

 

RCT 

 

IV DEX (0.7 mg) 

(n=291) 

 

IV DEX (0.35 mg) 

(n=260) 

BRVO=830 

 

IV DEX (0.7 mg) =291 

 

 

IV DEX (0.35 mg) =260 

 

Not defined Number of patients developed NVR during follow-up of 6 months: 

IV DEX (0.7 mg) = 3 (0.7%) 

IV DEX (0.35 mg) = 4 (1%) 

Sham = 11 (2.6%) 

Number of patients developed VH during follow-up of 6 months: 

IV DEX (0.7 mg) = 10 (2.4%) 

IV DEX (0.35 mg) = 13(3.2%) 
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Sham (n=279) 

 

Sham =279 

 

Sham = 12 (2.8%) 

Parodi et al., 

2015 
(38)

 

Prospective 

interventional study 

 

Single arm 

 

IV DEX (0.7 mg)  

 

iBRVO=14 

 

 

 

IV DEX= 14 

Non-iBRVO= 0 ≥5 DA or retinal CNP on FFA Number of patients developed NVR during follow-up of 12 months: 

2 

 

Chen et al., 2006 
(269)

 

Prospective 

interventional study 

 

Single arm 

 

IVTA (4 mg) 

Macular ischaemia= 18 No macular ischaemia= 

0 

Enlargement of FAZ secondary to 

broken perifoveal capillaries 

associated with a distinct area of 

retinal CNP within 1 disk diameter 

of the foveal centre 

 

Proportion of patients developed neovascular complication during 

follow-up of 12 months: 

0% (n=0) 

 

iCRVO= ischaemic retinal vein occlusion; iBRVO= ischaemic retinal vein occlusion; IVTA= intravitreal triamcinolone acetinide; IV DEX intravitreal dexamethasone; NV= neovascularisation; NVI= iris 

neovascularisation; NVA= angle neovascularisation; NVR= retinal neovascularisation; NVD= disc neovascularisation; NVG= neovascular glaucoma; VH; vitreous haemorrhage; GMLP= grid macular laser 

photocoagulation; FAZ= foveal avascular zone; IVR= intravitreal ranibizumab; IVB= intravitreal bevacizumab; ETDRS= early treatment diabetic retinopathy study; LogMAR= logarithm of  minimum angle of the 

resolution; VA= visual acuity; IAI= intravitreal aflibercept; PRN+ pre re nata; CST; central subfield thickness; DA; disc area; FFA; fundus fluorescein angiography; St. significance= statistical significance; CNP= 

capillary non-perfusion; RCT= randomised clinical trial; RAPD= relative afferent pupillary defect ; ERG= electroretinography 
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 Pars plans vitrectomy 

Vitrectomy could be expected to reduce, at least temporarily, the concentrations of 

intraocular angiogenic and inflammatory cytokines, such as VEGF and, subsequently 

lower the risk of development of ocular neovascularisation secondary to iRVO.  

However, the data on the potential benefit of pars plana vitrectomy in patients with 

iCRVO remains very scarce (Table 11)  

A prospective interventional study of 10 patients with iCRVO demonstrated 

that none of the patients treated with pars plana vitrectomy developed new vessels in 

the retina or disc. However, iris neovascularisation was still observed in 30% of 

patients at six months following surgery. (277) Neovascular glaucoma was reported in a 

prospective interventional study in five of 31 patients with CRVO (iCRVO=15 and 

non-iCRVO=16), but in none of 19 patients with BRVO (iBRVO=6 and non-

iBRVO=13) following vitrectomy and internal limiting membrane peeling. (276)  Thus, 

the very scarce data available suggests that pars plana vitrectomy does not prevent the 

occurrence of neovascularisation.  

Vitrectomy is, however, very useful in the context of managing some 

complications associated with RVO such as tractional retinal detachment, vitreous 

haemorrhage, and epiretinal membrane. In addition, it can lead to the improvement in 

visual acuity in patients with BRVO with these complications. (284-287) It was also 

suggested that early vitrectomy before development of vitreoretinal proliferation and 

retinal detachment maybe beneficial for management of BRVO in patients with high 

risk of developing complications. (286) However, further studies are necessitated to 

confirm the benefit of early vitrectomy in these cases, particularly considering the 

relative cost and risk of complications of this surgery.  
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Table 11 Summary of the studies reported incidences of neovascularisation following vitrectomy in CRVO (n=3) 

Study 

 

Design Number of patients Definition of iRVO Incidence of neovascularisation 

Leizoala-

Fernandez et al., 

2005 
(277)

 

Prospective 

interventional study 

 

Single arm 

 

PPV+ posterior 

hyloid removal  

 

iCRVO=10 

 

 

Non-iCRVO= 0 ≥10DA of retinal CNP on FFA Proportion of patients developed NVI during follow-up: 

30% 

 

Proportion of patients developed NVE/ NVD during follow-up: 

0% 

 

Mandelcorn et 

al., 2007 
(276)

 

Prospective 

interventional study 

 

Single arm 

 

 

PPV+ posterior 

hyloid removal+ 

ILM peeling 

 

iCRVO=15 Non-iCRVO=0 ≥10DA of retinal CNP on FFA Proportion of patients developed NVG during follow-up: 

16% 

 

Shirakate et al., 

2016 
(272)

 

Prospective 

interventional study 

 

Single arm 

 

 

PPV+ posterior + 

ILM peeling 

 

iCRVO=15 Non-iCRVO=0 ≥10DA of retinal CNP on FFA Proportion of patients developed NVG during follow-up: 

20% 

 

 

iCRVO= ischaemic retinal vein occlusion; NV= neovascularisation; NVI= iris neovascularisation; NVA= angle neovascularisation; NVR= retinal neovascularisation; NVD= disc neovascularisation; NVG= 

neovascular glaucoma; VH; vitreous haemorrhage; DA; disc area; FFA; fundus fluorescein angiography; CNP= capillary non-perfusion; ILM= internal limiting membrane; PPV= pars plana vitrectomy 
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Table 12 Summary of studies reported changes on retinal capillary non-perfusion following treatments in CRVO (n=6), BRVO (n=4) and macular ischaemia (n=1)  

Study 

 

Design Number of patients Definition of iRVO Retinal CNP 

Campochiaro et 

al., 2013 
(281)

 

Post hoc analysis 

CRUISE 

 

iCRVO=2 

 

IVR (0.3 mg)= 0 

 

IVR (0.5 mg)=2 

 

Sham=0 

 

Non-iCRVO=390 

 

IVR (0.3 mg)=132 

 

IVR (0.5 mg)=128 

 

Sham =130 

 

≥10 DA of retinal CNP on FFA 

 

Proportion of patients with no retinal CNP from baseline to 6 months: 

IVR (0.3 mg) =78.8-82% 

IVR (0.5 mg) =77.1-84% 

Sham=83-67% 

Proportion of patients with retinal CNP at 6 months: 

IVR (0.3 mg) =16% 

IVR (0.5 mg) =18% 

Sham=33% 

Proportion of patients with reperfusion of non-perfused retina from 

baseline to 6 months: 

IVR (0.3 mg) =8% 

IVR (0.5 mg) =6% 

Sham= 1% 

 

Campochiaro et 

al., 2013 
(281)

 

Post hoc analysis 

BRAVO 

 

iBRVO=20  

 

IVR (0.3 mg)=6 

 

IVR (0.5 mg)=9 

 

Sham =5 

 

Non-iBRVO=357 

 

IVR (0.3 mg) =128 

 

IVR (0.5 mg) =122 

 

Sham =126 

 

≥5 DA of retinal CNP on FFA 

 

Proportion of patients with no retinal CNP from baseline to 6 months: 

IVR (0.3 mg) = 60.5-32.7% 

IVR (0.5 mg) = 56-48.1% 

Sham = 61.9-51% 

Proportion of patients with retinal CNP at 6 months: 

IVR (0.3 mg) = 51.9% 

IVR (0.5 mg) = 49% 

Sham = 67% 

Proportion of patients had reperfusion of non-perfused retina from 

baseline to 6 months: 

IVR (0.3 mg) =not stated 

IVR (0.5 mg) =not stated 

Sham= 6% 

 

Wykoff et al., 

2015 
(226)

 

Post hoc analysis 

RAVE 

 

Single arm (IVR) 

iCRVO=12 Non-iCRVO=0 Presence of 3/4 criteria:  

*Visual acuity ≤20/200 *Loss of I-

2e isopter on Goldman visual field  

*RAPD ≥0.9 log units *Reduction 

of b:a ration by≥60% of the 

corresponding a-wave on ERG 

 

Proportion of patients with increased area of retinal CNP from 

baseline to final visit: 

100% 

Mean area of retinal perfusion at baseline: 

106 DA (37-129 DA) =46% of total retina (range 19.1-56.4%). 

Mean loss of perfused retina per year: 

15 DA (range 12-35DA) = 8.1% (range 4.3-12.4%) 

Mean rate of retinal perfusion loss: 

Year 1= 29.2 DA (range 7-40 DA)= 16.3% (range 4.2-22.0%) 
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Year 2= 8 DA (range -2 to 18 DA)= 4.1% (range -1 to 10%% 

Year 3= 6 DA (range -5 to 7 DA)= 3.6% (range -3 to4%) 

Mean baseline and final extent of retinal CNP: 

In patients developed NV=74% and 82.6% 

In patients did not develop NV=70.4% and 79.6% 

 

WAVE 

Kwon et al., 2018 
(288)

 

Prospective 

interventional study 

 

IVR+ targeted laser 

photocoagulation 

 

 

iCRVO = 12 iBRVO=12 ≥10 DA of retinal CNP on FFA ISIs change from baseline to 12 months of follow-up: 

entire retina= 30.5%±23.3 to 23.5%±19.9 

Peri-macular = 17.7%±20.6 to 15.7%±22.2 

Near peripheral = 21.9%±19.0 to 16.5%±16.7 

Mid peripheral = 33.0%±27.9 to 24.7%±24.7 

Far peripheral = 48.0%±32.9 to 24.7%±24.7 

  

Mir et al., 2016 
(289)

 

Post hoc analysis 

RELATE 

 

Monthly injections 

for 6 months 

IVR (0.5 mg) 

 

IVR (2.0 mg) 

 

CRVO=35 

BRVO=34 

 

 

 

Not defined Proportion of patients with reduction on area of retinal CNP from 

baseline to 6 months: 

BRVO: 

IVR 2 mg= 31.6% 

IVR 0.5 mg= 25% 

CRVO: 

IVR 2 mg= 43.8% 

IVR 0.5 mg= 50% 

Proportion of patients with no change on area of retinal CNP from 

baseline to 6 months: 

BRVO:  

IVR 2 mg= 63.2% 

IVR 0.5 mg= 75% 

CRVO: 

IVR 2 mg= 56.3% 

IVR 0.5 mg= 38.9% 

Proportion of patients with increase on area of retinal CNP from 

baseline to 6 months: 

BRVO:  

IVR 2 mg=5.3% 

IVR mg=0% 

CRVO: 

IVR 2 mg=0% 

IVR 0.5 mg=11.1% 

Proportion of patients with reduced area of retinal CNP during the 1st 

6 months: 

BRVO= 28.6% 

CRVO=47.1% 
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Proportion of patients with increased area of retinal CNP during the 

1st 6 months: 

BRVO=2.9% 

CRVO=5.9% 

 

VIBRANT 

Campochiaro et 

al., 2015 
(33)

 

RCT iBRVO=36 

 

IAI (2 mg)=16 

 

GMLP=20 

 

Non-iBRVO= 117 

 

IAI (2 mg) =75 

 

GMLP =70 

≥10 DA of retinal capillary non-

perfusion on FFA 

Proportion of patients with perfused retina from baseline to 6 months: 

IAI= 60.4% to 80.2% 

GMLP= 68.9% to 67.1% 

 

Terui et al., 2011 
(290)

 

Prospective 

interventional study 

 

Single arm 

 

IVB 

 

BRVO=58 Not defined Number of patients with retinal CNP at baseline: 

21 

Number of patients with retinal CNP at 1-month follow-up: 

24 

Change of area of retinal CNP from baseline to 1 month follow-up: 

3.45 6 4.66 DA to 3.45 6 5.19 DA  

(not St. significant) 

 

SCORE-CRVO 

Ip et al., 2009 
(14)

 

RCT iCRVO=3 

 

IVTA (1 mg)=1 

 

IVTA (4 mg)=2 

 

Observation=0 

 

Non-iCRVO=268 

 

IVTA (1 mg)=91 

 

IVTA (4 mg)= 89 

 

Observation=88 

 

≥10 DA of retinal CNP on FFA Proportion of patients with ≥10 DA of retinal CNP on FFA at 12 

months: 

IVTA (1mg) = 15% 

IVTA (4 mg) = 7% 

Observation=10% 

SCORE-BRVO 

Scott et al., 2009 
(11)

 

RCT iBRVO=41 

 

IVTA (1 mg)=17 

 

IVTA (4 mg)=12 

 

GMLP=12 

 

Non-iBRVO=370 

 

IVTA (1 mg)=119 

 

IVTA (4 mg)= 126 

 

GMLP=125 

 

≥5 DA of retinal CNP on FFA Proportion of patients with ≥5DA of retinal CNP on FFA at 12 

months: 

IVTA (1mg) = 31% 

IVTA (4 mg) = 23% 

GMLP=20% 

 

Sadda et a., 2013 
(72)

 

Post hoc analysis 

(GENEVA) 

iRVO=16 

 

IV DEX (0.7 mg)=7 

 

Sham =9 

 

Non-iRVO=153 

 

IV DEX (0.7 mg) = 67 

 

Sham = 70 

 

≥10 DA of retinal CNP on FFA Change of mean area of retinal CNP from baseline to 6 months: 

IV DEX= 3.62-5.93 DA 

Sham= 3.32-5.08 DA 

Incidence of non-perfusion from baseline to 6 months: 

IV DEX= 86-90% 

Sham=87-87% 
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Proportion of patients iRVO from baseline to 6 months: 

IV DEX=9-21% 

Sham=11-18% 

 

Rishi et al., 2016 
(83)

 

Prospective 

interventional study 

 

Single arm 

 

Single IVB 

 

BRVO with macular 

ischaemia=21 

BRVO with no macular 

ischaemia=6 

Distorted FAZ on FFA Proportion of patients who improved from distorted to intact FAZ at 

3 months: 

8% 

Proportion of patients with no change in FAZ at 3 months: 

92% 

 

 

iCRVO= ischaemic retinal vein occlusion; iBRVO= ischaemic retinal vein occlusion; IVTA= intravitreal triamcinolone acetinide; IV DEX intravitreal dexamethasone; FAZ= foveal avascular zone; IVR= 

intravitreal ranibizumab; IVB= intravitreal bevacizumab; IAI= intravitreal aflibercept; PRN= pre re nata; CST; central subfield thickness; DA; disc area; FFA; fundus fluorescein angiography; St. significance= 

statistical significance; CNP= capillary non-perfusion; RCT= randomised clinical trial; RAPD= relative afferent pupillary defect ; ERG= electroretinography 
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2.3.9.2 Other treatments for iRVO 

Several studies have been conducted to evaluate the role of other therapies, besides 

those mentioned above, for the treatment of iBRVO and iCRVO, but have not been 

approved either because they are still under investigation, they are impractical, have 

adverse effects or have no or limited benefit. Examples of these therapies are 

summarised below. 

1) Photodynamic therapy 

Photodynamic therapy (PDT) with verteporfin as a photosensitiser was evaluated for 

the treatment of anterior segment neovascularisation secondary to iCRVO in an RCT 

and in a prospective interventional study. (264,291) The laser energy in PDT was 

directed to the anterior chamber angle as well as the iris using a Goldmann three-

mirror contact lens. (264,291) In the RCT, patients with iCRVO, defined by the presence 

of ≥ 10 DA of capillary non-perfusion on FFA and reduced b-wave amplitude on 

ERG, were randomised to PDT (n=17), standard PRP (n=19) and selective PRP 

(n=20), the latter being performed only if iris/angle neovascularisation showed 

progression on weekly follow-up. (291) At 12-months follow-up, the extension of iris 

neovascularisation expressed in clock hours was 2.27, 0.52 and 2.55 in PDT, standard 

PRP and selective PRP groups, respectively, while the extension of anterior chamber 

angle neovascularisation was 1.27, 0.57 and 1.50 clock hours, respectively.   

Regression of iris/ angle neovascularisation was found to be statistically significant 

only in the PRP group; moreover, the incidence of neovascular glaucoma did not 

differ between treatment groups. (291)  A prospective interventional study including ten 

patients with iCRVO and iris/angle neovascularisation suggested that PDT can at least 

partially obliterate anterior segment neovascularisation. (264) 
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2) Radial optic neurotomy 

Radial optic neurotomy (RON) was designed to release the pressure from the 

occluded central retinal vein. In RON, vitrectomy is performed, and then an incision 

is made in the lamina cribrosa. (292) Several studies evaluated the efficacy and safety 

of RON. (276,292-300) ROVO (Radial Optic neurotomy for central Vein Occlusion study) 

randomised 83 patients with CRVO (both iCRVO, defined by the presence of ≥ 10 

DA of capillary non-perfusion on FFA and non-iCRVO) to three treatment groups, 

RON (n=38), IVTA (n=25) and sham (n=20). (293) At 12-months, a statistically 

significant increase in visual acuity was detected in 47% of patients following RON 

when compared to 10% of sham and 20% of triamcinolone treated patients. (293)  A 

statistically significantly higher number of patients in the sham group experienced 

visual acuity deterioration (35%) (>3 LogMAR lines of visual acuity loss) as 

compared to those treated with RON (8 %). (293) In non-iCRVO, the median vision 

increased from 1 LogMAR (range, 0.72–1.35) to 0.75 LogMAR (range, 0.45–1.55) 

after 12 months; in iCRVO, the median visual acuity also increased from 1.09 

LogMAR (range, 0.97–2) to 0.9 LogMAR (range, 0.71–2) after 12 months, with no 

statistically significant differences found between iCRVO and non-iCRVO. (293) 

Smaller studies have provided mixed results with regard to benefits of RON, 

observing high rates of complications. (296,298,300) In a prospective interventional study 

including 13 patients with iCRVO, defined by the presence of ≥10 DA of capillary 

non-perfusion, a significant improvement in visual acuity and retinal perfusion on 

FFA from baseline to one year were observed in 10 patients; chorioretinal 

anastomosis at the surgical site was also observed in ten patients following RON. (294) 

A prospective interventional study including 13 patients with CRVO (iCRVO=10, 

indeterminate=2, perfused=1) showed an improvement of ≥2 Snellen lines in six 
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patients; the final visual acuity was ≤ 6/60 (20/200) Snellen in two of them. (299)  On 

the other hand, two patients developed neovascularisation and underwent PRP, six 

showed visual field loss using Goldmann perimetry and three of those showed an 

absolute nerve fibre bundle defect at the surgical site. (299) Hence, the beneficial 

effects of RON on vision have not been clearly demonstrated and RON is associated 

with its own potential complications/costs and has not been shown to prevent 

complications stemming from CRVO. Thus, RON is not a standard treatment for 

patients with iCRVO. 

3) Chorioretinal anastomosis 

Chorioretinal anastomosis was developed to allow blood to bypass the occluded vein 

into the choroidal blood vessels. (301-307)  This procedure has been used to treat both 

CRVO and BRVO and can be undertaken by means of laser or surgery. (301-307) In 

non-iCRVO, a functionally effective chorioretinal anastomosis can be achieved in 

around one third to a half of patients; however, this is considerably more challenging 

and difficult to achieve in iCRVO. (303) Although a successful anastomosis may 

prevent ischaemia from getting worse, (306) the visual results of chorioretinal 

anastomosis remain poor. (306-308) Chorioretinal anastomosis is associated with many 

complications, including vitreous haemorrhage, choroidal neovascularisation, and pre‐

retinal fibrosis, which were more pronounced in the ischaemic form of CRVO. (306,308) 

4) Anti-angiogenic agents 

A new topical anti-angiogenic agent, referred to as ‘aganirsen’, is being investigated 

in a large randomised clinical trial, STRONG. (309) This study randomised 333 patients 

with iCRVO (defined by the presence of ≥ 10 DA of retinal capillary non-perfusion) 

to twice daily of: 43µg aganirsen drops (n=111), 86 µg aganirsen drops (n=111), or 

placebo drops (n=111), for 24 weeks, before evaluating the effect of these drops in the 
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prevention of development of neovascular glaucoma. This study is yet to provide 

results on the efficacy and safety of this treatment. (ClinicalTrials.gov, ID: 

NCT02947867)    

5) Thrombolysis 

Thrombolysis using intravitreal or endovascular recombinant tissue plasminogen 

activator (rt-PA) has also been evaluated in small studies including patients with 

iCRVO. (310-314) These studies have showed significant improvement of visual acuity 

in 36-71% of patients with iCRVO (310,312-315) and a reduction in the area of retinal 

capillary non-perfusion if thrombolysis is initiated in the acute phase of iRVO. (312-314) 

However, there is paucity of sufficient evidence to justify thrombolysis for RVO in 

clinical practice. 

6) Isovolemic haemodilution 

Isovolemic haemodilution has been investigated for the treatment of iRVO in several 

RCTs and prospective interventional studies. (316-320) This treatment aims at reducing 

the viscosity of the blood and increasing its fluidity. (316-320) Although many of these 

studies did suggest an improvement in visual acuity following isovolumetric 

haemodilution (316-320) due to the impracticality and complexity of this procedure, this 

treatment has not been adopted in clinical practice. (263) 

7) Neuroprotective agents 

The efficacy of neuroprotective agents such as, minocycline and activated protein-C, 

has been evaluated in patients with iRVO.  (321-326) 

Minocycline is a broad-spectrum tetracycline antibiotic which was found to 

have neuroprotective effects and is currently under investigation in patients with 

BRVO.  Preliminary results on experimental studies suggest that minocycline can 
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inhibit apoptosis of retinal ganglion cells. Additionally, it has been suggested that 

using minocyclin in the acute stage of the disease could help preserve retinal function. 

(323) RCT on the effect of minocycline on RVO patients is currently under way 

(ClinicalTrials.gov Identifier: NCT01468844 and NCT01468831).   

Experimental and clinical studies using intravitreal activated protein-C have 

shown reduction in retinal cell apoptosis secondary to iCRVO by blocking the 

activation of caspase-3, -8 and -9. (322,324) In a prospective interventional study of ten 

patients with macular oedema secondary to iCRVO, a significant reduction in central 

foveal thickness was reported in all patients following administration of intravitreal 

activated protein-C. (322) Moreover, visual acuity significantly was found to improve 

in 60% of patients and complete reperfusion of non-perfused retina was observed in 

30% one year following treatment. (322) In another prospective study of 10 eyes with 

iCRVO, who did not respond to anti-VEGF therapy and were found to have persistent 

macular oedema, treatment with intravitreal- activated protein C showed significant 

reduction in CST in all 10 eyes with 5 had complete resolution after single injection 

(no recurrence). These patients were followed up for 12 months. However, no 

statistically significant improvement was observed in the visual acuity in these 

patients. Area of retinal capillary non-perfusion on FFA decreased significantly from 

baseline to 12 months follow-up. (321) Thus, intravitreal protein-C appears to be a 

promising new therapy, but it does require further investigation. 

8) Cell therapy 

Cell therapy using bone marrow-derived stem cells or endothelial progenitor cells has 

also been suggested for the treatment of ischaemic retinopathies. (327-330)  These cells 

are believed to play an important role in tissue regeneration by promoting the repair of 

damaged retinal blood vessels in order to re-perfuse the ischaemic areas of the retina. 
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To date, there are only two case reports with only one patient with iCRVO in each; 

both these reports have suggested benefits of bone-marrow stem cells for the 

treatment of patients with iCRVO. (328,329) Therefore, further research into this area is 

warranted. 

 

2.4   Discussion 

Ischaemic retinal vein occlusion (including iCRVO, iBRVO, and iHCRVO/iHSRVO) 

poses significant risk of visual loss to those suffering from this vascular retinal 

disorder.  Data available, contained in this review, suggest a more guarded prognosis 

for the natural history of patients with iRVO in comparison to those with non-iRVO, 

regardless of the definition of iRVO used.  This appears also to be true for outcomes 

following treatment, although the available data are scarce.   

There is no widely accepted definition for iCRVO and iBRVO. The lack of 

agreement in diagnostic criteria used may explain reported differences in functional 

and anatomical (structural) outcomes observed as a result of the natural history of the 

disease or that which is modified by treatment.  The CVOS and BVOS defined 

iCRVO and iBRVO by the presence of ≥10 DA and ≥5 DA of retinal capillary non-

perfusion, respectively.  These definitions, which have been used most extensively in 

published studies, were based on the risk of developing neovascularisation.   

Currently available data strongly suggest that the larger the area of retinal 

ischaemia, the higher the risk of visual loss and development of neovascular 

complications. It remains to be seen whether this risk depends not only on the extent, 

but also on the location of the ischaemia (i.e. peripheral, mid-peripheral, macular, 

perifoveal) and further information on this is needed.  An agreement as to whether 
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iRVO (iCRVO, iBRVO and iHCRVO/ iHSRVO) could be considered as a separate 

entity from non-iRVO and, if so, whether iRVO could be defined by a particular 

threshold of area of retinal ischaemia would require an international consensus.  In 

any case, the author of the current review strongly encourages clinicians and 

researchers to determine the presence/absence, extent and location of areas of retinal 

ischaemia in patients with any RVO.  This information should be provided 

consistently in RVO studies and taken into consideration when evaluating outcomes 

of therapies.   

Currently and until other imaging modalities (e.g. OCT-A) allow visualisation 

of the entire retinal vascular tree, identification of areas of retinal ischaemia by WA-

FFA is the preferred method.  Determining the extent of the area of retinal ischaemia 

in mm2 is advisable. Ideally, appropriate software that allows the retrieval of this 

method is to be used.  This, and aiming to image as much of the retina as possible, 

even when using WA-FFA, is essential for adequate interpretation of the data and 

making a comparison between studies to be made.  Preferably, a WA-FFA should be 

obtained at presentation in patients with RVO, unless very marked and extensive 

retinal haemorrhages, which could prevent adequate visualisation of the retinal 

capillaries, are present.  Haemorrhage may be less of a problem when using scanning 

laser WA-FFA systems.  Automated detection of areas of retinal ischaemia would be 

ideal but, this currently remains a challenging proposition. Determining the integrity 

of the perifoveal capillaries may now be done more accurately with the use of OCT-A 

than with WA-FFA (Figure 29).  
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Figure 29 A proposed strategy to identify and classify macular ischemia in retinal vein 

occlusion. 

 
(A)Wide angle-FFA would allow visualisation of a large proportion of retina. Then, areas of retinal 

ischemia within the mid-peripheral/peripheral retina (all areas outside the central red circle) could be 

marked and measured in mm2 using appropriate software. To determine the area of macular 

ischemia, a central area with a diameter of 5.5 mm cantered at the fovea could be drawn (red circle), 

and retinal capillary dropout within this region is measured in mm2. Magnification of the centre of 

the macula showing the perifoveal capillary network is shown in the top right corner. (B) Dropout of 

perifoveal capillaries could be then specified in clock hours (yellow circle). For this purpose, optical 
coherence tomography angiography (OCT-A) could also be used. For all patients with RVO, total 

area of visible retina, total area of capillary dropout in the mid-peripheral/peripheral retina and 

macula, and extent of dropout of perifoveal capillaries in clock hours should be provided (created 

and produced by the author). 

 

With the evidence available and considering the time and staff limitations 

often encountered in clinical practice, the author of this review recommends patients 

with CRVO at presentation to undergo visual acuity testing and testing of the 

pupillary reflex, preferably using neutral density filters (see section 2.3.7. Findings on 

ancillary studies above), WA-FFA and SD-OCT.  Presence/absence as well as the 

degree of RAPD has been shown to strongly predict risk and, thus, should be included 

in clinical studies on CRVO.  From the clinical perspective, current knowledge 

suggests that patients with CRVO and visual acuity of ≤6/60 (20/200) Snellen, an 

RAPD (of ≥ 0.9 log units using neutral density filters) and extensive retinal capillary 
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non-perfusion (ISI ≥35% on WA-FFA or ≥30 DA if using standard FFA) face a high 

risk of developing neovascular complications (if not already present) and should be 

followed closely so timely treatment can be initiated.  Patients should be also 

considered at high risk if marked, and extensive retinal haemorrhages in four 

quadrants are present given that these are likely to be associated with extensive retinal 

ischaemia. ERG testing and visual fields have been shown to be also of prognostic 

value in CRVO, although they are less accessible to clinicians and more difficult to 

obtain in busy retinal clinics.  If obtained, several ERG parameters are highly 

suggestive of patients with iCRVO having a higher risk of neovascular complications: 

prolonged implicit times in the 30 Hz flicker ERG (>37 ms), reduction of > 60% of 

values obtained in the fellow healthy eye in the b-wave amplitude,  b/a ratio of 

scotopic and/or photopic ERG, or photopic b-wave amplitude values of < 56 µV. 

Recently developed (RETeval®) hand-held portable electrophysiology devices may 

facilitate using ERG in clinical practice.  As the risk of anterior segment 

neovascularisation in iCRVO is the highest in the first year following onset, 

especially during the first three months, monthly follow-up during this period has 

been recommended. In addition to controlling underlying risk factors (hypertension, 

intraocular pressure), laser panretinal photocoagulation should be applied 

immediately if new vessels in the iris or anterior chamber angle, or posterior segment 

are detected.  However, data on the effect of therapeutic strategies for macular 

oedema in patients with CRVO and retinal capillary non-perfusion is very scarce. 

Most RCTs on CRVO did not include or included very few of these patients.  Anti-

VEGFs are advised to treat macular oedema secondary to CRVO. However, their 

efficacy and cost-effectiveness in patients, specifically with retinal ischaemia, remain 

to be elucidated. 
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For patients presenting with BRVO, visual acuity, WA-FFA and OCT are 

advisable.  Prognostic indicators for retinal ischaemia and its complications have been 

less extensively studied in BRVO as compared to CRVO.  Lower levels of vision at 

presentation [≤6/18 (20/60) Snellen] are most commonly observed in patients with 

retinal ischaemia. The lower the presenting vision, the more guarded the visual 

prognosis for the patient.  Sector panretinal photocoagulation should be applied if new 

vessels develop, albeit not prophylactically, just like for CRVO.  In the presence of 

macular oedema, patients with BRVO should be treated with anti-VEGF therapy. The 

efficacy and cost-effectiveness of this treatment, in patients with retinal ischaemia, 

however, remain to be elucidated. 

Finding consensus on a definition of iRVO may be a difficult endeavour.  A 

binary separation between iRVO and non-iRVO may not be required, provided there 

is homogeneity on the phenotyping of patients with this disease and the important 

features determining risk are measured and taken into consideration when managing 

patients with RVO and undertaking studies on this condition.  Many studies have 

shown that retinal ischaemia leads to heightened risk of sight loss and neovascular 

complications in patients with RVO.  For this reason, information on the presence, 

extent and location of areas of retinal ischaemia should be provided in studies 

evaluating RVO.  To date, no treatments are available to prevent or treat retinal 

ischaemia per se; research on this area is urgently needed.
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3.1   Introduction 

As highlighted in the previous chapter, the pathogenesis of ischaemia secondary to 

retinal vein occlusion (RVO) is not fully understood. Moreover, current treatments of 

RVO target the complications of RVO (1-11) and may not entirely reverse the 

functional and structural damage result of the disease. (12-47) Furthermore, each of 

these treatments carry a risk to patients, such as destruction of the retina following 

laser photocoagulation, endophthalmitis following intravitreal injections, and cataract 

and glaucoma as a result of steroid administration. The need for repeated injections of 

anti-VEGF therapy or corticosteroids remains unpleasant for patients and is deemed 

cost-intensive. (48,49) Further research is still needed to improve current understanding 

of the pathogenesis of RVO as well as to identify more clinically effective and cost-

effective therapeutic options. This is especially true for patients with ischaemic RVO 

(iRVO). 

Experimental animal models can often be useful in studying disease 

mechanisms and to test the efficacy and potential toxicity of new treatments.  Such 

animal approaches have been successful in ophthalmic research, allowing 

advancement in our understanding of pathogenesis and the development of improved 

novel therapies. (50-55)  Experimental animal models of RVO are also available, which 

variably develop functional and structural features resembling those present in people 

with this disorder.  

Therefore, this chapter provides a comprehensive up to date review on 

experimental animal models of RVO including species, methods of vessel occlusion, 

their clinico-histopathological features, as well as the limits of their translational 

value. Taken together, this focused and in-depth review is intended to help researchers 
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design of future studies and appreciate the strengths and weaknesses of the animal 

models they use.  

 

3.2   Methods of systematic review 

A systematic review of published literature on experimental animal models of RVO 

was conducted by searching four large bibliographic databases including Medline, 

EMBASE, SCOPUS and Web of Science. Keywords including “retinal vein 

occlusion”, “retinal vein thrombosis”, and “retinal vein obstruction” were combined 

with “experimental models”, or “animal models”. The search covered published 

articles from 1st January 1965 to 31st September 2019, and was filtered in order to 

include articles in English only. Titles and abstracts were screened and irrelevant 

results were excluded. Full texts of the remaining results were then obtained by direct 

downloads or inter-library loans and contents were evaluated for the purpose of 

eligibility. Studies do not serve the purpose of this review was excluded.  

The included articles of studies describing methods of creating animal models 

of RVO and their findings were analysed and data contained in these articles was used 

to inform species-specific model-systems, the range of methods for inducing vein 

occlusion, pathological and clinical features developed in these models, and strengths 

and limitations of available models. The information extracted was used to populate 

Tables 13-20 of this review. In addition, a discussion was undertaken about their 

clinical value and potential translational implications for the management of patients 

with this disorder. Changes on levels of cytokines/chemokines/growth factors as well 

as other biochemical and molecular events occurring as a result of the induction or 
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RVO in these models, along with the treatments tested in these animal models are 

beyond the scope of this review and, thus, are not summarised herein. 

 

3.3   Results 

 After removal of duplicates, a total of 320 titles were identified, of which 110 

irrelevant titles were excluded. The abstracts of the remaining 210 results were 

evaluated for potential inclusion in the review and 82 irrelevant abstracts among these 

were also excluded as they were found to relate to studies beyond the scope of this 

review. Full articles of the remaining 128 studies were included to extract pertinent 

data because they were obtained and found to be directly related to the topic of this 

review (Figure 30). 
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3.3.1 Species 

Several animal species have been used to study RVO including rodents, (57-92) rabbits, 

(93-107) cats, (108-118) dogs, (119-121) pigs, (122-151) and non-human primates or monkeys. 

(73,123,152-193) (Table 13 and Table 14).The use of each of these animals as 

experimental models of eye diseases has its own advantages and disadvantages, as 

summarised in Table 15. Although the retina and retinal vessels of these animals do 

share some anatomical features with their human counterparts, there are still many 

anatomical differences which may adversely impact the study of the disease. The 

 

 

Figure 30 Flow chart of the systematic review process (Experimental 

animal models of retinal vein occlusion) 
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main similarities and differences of the anatomy between these animals and humans 

are summarised in Table 16. 

In general, none of the animal models, except monkeys, have an anatomical 

macula or fovea centralis. (194) Pigs, (195-199) cats, (198,200) and dogs (195,201) have a central 

retinal area with high density of ganglion cells, as well as photoreceptors, known as 

area centralis, which corresponds to fovea centralis in humans but is less specialised 

and hence, cannot be identified by gross fundus examination. (195-201) Eyes of cats (202-

205) and dogs, (204-206) unlike humans, contain a reflective tapetum layer, which serves 

to intensify vision in dim light, and may affect the functional interpretations when 

compared to humans. (202-205) Like humans, these animals, with the exception of 

rabbits, have a holangiotic retinal vasculature (i.e. vessels emerge from the optic disc 

and traverse over the entire retina), (207-210) while rabbits have merangiotic retinal 

vascular pattern. This implies that vessels are not distributed all over the retina. 

Instead, main temporal and nasal retinal vessels extend horizontally from the optic 

disc to the sides, thus giving smaller branches to form two wing-shaped vascularised 

areas and leave the rest of the retina avascular. (208,211,212) Some animals, namely pigs, 

(209,210) dogs (207) and cats, (208) do not have a single central retinal artery; instead, 

multiple retinal arteries enter and exit the retina at the margin of the optic disc. In 

addition, cats also do not have a single retinal vein, but multiple veins instead follow 

the arteries. (208) Unlike humans and other species which normally have straight retinal 

vessels (i.e. un-tortuous), retinal vessels of dogs normally have various degree of 

tortuosity. (207) Pigs mimics humans in that they have similar intra-retinal 

arrangements of retinal capillaries (209) as well as similar scleral thickness to humans. 

This makes them ideal for trans-scleral approaches. (197)  
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Generally, of these species, monkeys were found to have the closest ocular 

anatomy to that of the human’s eye (207) followed by pigs, thus making them superior 

choices to the rest of species, considering their anatomy. 
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Table 13 Animal species and techniques used to induce branch retinal vein occlusion 

 

 

Species Laser Photocoagulation 

± Photosensitizer  

 

(n) 

Photodynamic Therapy + 

Photosensitizer 

 

(n) 

Diathermy 

 

 

(n) 

Intravitreal PD0325901 

 

 

(n) 

Total  

 

 

(n) 

References 

Rodents (n) 

 

17  

 

3  0 0 20  (57,60,64,70,75,76,79-92,213) 

(ischemia=8)  Ischemia= 8  (70,76,80,81,83,87-89) 

Rabbits (n) 

 

6  

 

 
 

1 0 1 

 

9 (96,97,99,101,102,104,106,107) 

(ischemia=1)  Ischemia= 1  (106) 

Cats (n) 

 

4  

 

 

1 5 0 10 

 

(108-115,117,118) 

Dogs (n) 

 

3  

 

 

0 0 0 3 (119-121) 

Pigs (n) 

 

20  2 4  0 26 
 

(123,125-128,130-136,138-151) 

(ischemia=6)  Ischemia= 6  (125-128,148,149) 

Non-human 

primates (n) 

 

21  0 0 0 21 

 

(123,172-177,179-190,192,193) 

(ischemia=13) Ischemia= 13  (171,172,174-177,180,183-186,188,189) 

(MO=4)  
 

MO= 4 (176,182,186,189) 

Total (n) 

 

71 7 9 1 89  

 
*ET-1= Endothelin-1; MO=macular oedema; n= number of articles 

*Ischemia defined by one or more of the following criteria: development of neovascularisation, extensive areas of retinal cap illary non-perfusion, or areas capillary non-

perfusion associated with atrophy/ cell loss of the inner retinal layers (± outer retinal layers). 
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Table 14 Animal species and techniques used to induce central retinal vein occlusion 

 

Species Laser Photocoagulation 

± Photosensitizer  

(n) 

 

Diathermy 

(n) 

Permanent ligation 

of the central retinal 

vein 

(n) 

Transient ligation 

of the optic nerve 

(n) 

Intravitreal 

NPe6 

(n) 

Intravitreal 

Thrombin 

(n) 

Intravitreal 

ET-1 

(n) 

Total  

(n) 

References 

Rodents (n) 

 

9  

 

0 0 6 0 0 0 15 (57-69) 

(ischemia=4)  Ischemia= 4  (57-59,64) 

Rabbits (n) 

 

1  

 

0 0 0 1 1  

 

1 4 (93-95,105) 

(ischemia=1)  (ischemia=1) Ischemia= 2 (93,94) 

Cats (n) 

 

0 

 

 

 

0 0 0 0 0 0 0  

Dogs (n) 

 

0 

 

 

 

0 0 0 0 0 0 0  

Pigs (n) 

 

0 

 

 

 

0 0 1 0 0 0 1  (122) 

Non-human 

primates (n) 

 

12  

 

6  

 

1  

 

0 0 0 0 19 (152-170) 

(ischemia=9) (ischemia=1) Ischemia= 10  (152-155,157-161,170) 

 (MO=2)  MO= 2 (166,167) 

Total (n) 

 

22 6 1 7 1 1 1 38  

 

*ET-1= Endothelin-1; MO=macular oedema; n= number of articles 

*Ischemia defined by one or more of the following criteria: development of neovascularisation, extensive areas of retinal capillary non-perfusion, or areas of capillary non-perfusion associated with atrophy/ cell loss 

of the inner retinal layers (± outer retinal layers). 
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Table 15 Advantages and inconveniences of species used as animal models of retinal vein occlusion 

 

Animal Advantages Disadvantages 

Rodents  Low cost 

 Easy to obtain 

 Easy to handle 

 Reproducible 

 Feasible for genetic manipulation  

 Suitable for evaluating the effects of therapeutic interventions 

 Small size of the animal which allows keeping larger number of animals in 

smaller spaces 

 Share some anatomical similarities with human (Table-4) 

 

 Small eyes 

 

 

 

Rabbits  Low cost 

 Easy to obtain 

 Relatively large eyes 

 Accessible retinal vessels 

 Eye very suitable for diagnostic and surgical procedures 

 

 Anatomy of the rabbit’s retina significantly different from that of humans  

Cats  Relatively large eyes  

 Accessible retinal vessels 

 Eye very suitable for diagnostic and surgical procedures 

 Share some anatomical similarities with human (Table-4) 

 

 

 High cost 

 Limited availability 

 Can be aggressive and difficult to handle 

 Ethical considerations  

 Larger spaces required to maintain them 

 Lack of macula 

 

Dogs  Relatively large eyes 

 Accessible retinal vessels  

 Eye suitable for diagnostic and surgical procedures 

 Share some anatomical similarities with human (Table-4) 

 

 High cost 

 Limited availability 

 Can be aggressive and difficult to handle 

 Ethical considerations 

 

Pigs  Eye size and scleral thickness are nearly identical to humans 

 Eye suitable for diagnostic and surgical procedures 

 Share some anatomical similarities with human (Table-4) 

 

 High cost 

 Large size of the animal  

 Requires large housing facility 

Non-human 

primates 
 Anatomy almost identical to human  

 Accessible retinal vessels 

 

 High cost 

 Limited availability 

 Difficult to handle 

 Requires highly experienced team, and special housing facilities 

 Ethical considerations 
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Table 16 Similarities and differences of retina and retinal vasculature of the different animal species used in retinal vein occlusion studies 

 

 

 

 

 Rodents Rabbits Cats Dogs Pigs Non-human 

primates 

Humans References 

Anatomical 

macula and 

fovea centralis  

 

Absent Absent Absent Absent Absent Present Present (194-201) 

 

Tapetum layer  

 

Absent Absent Present Present Absent Absent Absent (202-206) 

Vascular 

pattern  

 

Holangiotic Merangiotic Holangiotic Holangiotic Holangiotic Holangiotic Holangiotic (207-212) 

 

Central retinal 

vein 
 

Single Single Multiple Single Single Single Single (207-210) 

Central retinal 

artery 

 

Single Single Multiple Multiple Multiple Single Single (207-210) 

Major arterial 

and venous 

branches (n)  

 

5-7 2 3 Multiple 

 

3-4 4 4 (207-212) 
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3.3.2 Methods of inducing RVO 

Several mechanisms have been used on these animals to induce an RVO.  These, in 

conjunction with the advantages/strengths and weaknesses of each of these models, 

have been summarised in Table 17. In these models, RVO is usually induced by 

traumatising one or more retinal venous vessels. To illustrate, BRVO has been 

produced using laser photocoagulation, (87,89,97,121,136,140,151,172,174,214-219) photodynamic 

coagulation, (84-86,104,112,142,143) diathermic cauterisation, (65,113-117,144-146) or intravitreal 

injection of PD032590 (106) or endothelin-1 (ET-1). (105) CRVO has been produced by 

laser photocoagulation, (58-65,93,103,152-162,220) diathermic cauterisation, (164-166,168,191) 

permanent ligation of the central retinal vein, (170) transient clamping/ ligation of the 

optic nerve, (66-69) intravitreal injection of thrombin, (94,221) or NPe6. (95) 
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Table 17 Advantages and disadvantages of the different methods used to induce retinal vein 

occlusion 

 

Method Advantages Disadvantages References 

Laser 

photocoagulation 

±Photosensitive dye 

 Can be used to produce both 

CRVO & BRVO 

 Easy to undertake 

 Successful in 89-100% of 

cases 

 Many studies supporting this 

technique 

 

 Potential phototoxicity with 

photosensitizers and sun/ light 

exposure 

 Inner retina damage at the site of 

the laser treatment 

 May rupture retinal vessels and 

cause vitreous haemorrhage 

 Requires laser equipment 

 

(57-60,64,65,70,71,75,76,79-

83,87-

93,96,97,99,101,102,107,119-

121,123,125-128,130-

136,138-141,144-155,157-

163,171,172,174-

177,180,183-186,188,189) 

Photodynamic 

therapy + 

Photosensitive dye 

 Produces BRVO  

 Successful in 50-100% of 

cases 

 

 Potential phototoxicity with 

photosensitizers and sun/ light 

exposure 

 Inner/ outer retinal damage at the 

site of the light application 

 Exudative retinal detachment 

 Retinal necrosis 

 Requires specialised equipment  

 

 

(84-86,104,112,142,143) 

Diathermic 

cauterisation 
 Produce CRVO & BRVO 

 Successful in 90-100% of 

cases 

 

 Invasive 

 Requires access to surgical 

facilities to produce CRVO 

(113-116,144-147,164-

166,168,169,191,222) 

Permanent ligation 

of the central retinal 

vein 

 Produce CRVO 

 Successful in 100% of cases 

 

 Invasive 

 Requires access to surgical 

facilities to produce CRVO 

 May affects ciliary vessels & 

central retinal artery 

 Only 1 reported study 

 

(170) 

Transient ligation/ 

clamping of optic 

nerve 

 Produce CRVO  

 Successful in 100% of cases 

 

 Invasive 

 Requires access to surgical 

facilities to produce CRVO 

 Affects ciliary vessels & central 

retinal artery 

 

(66-69,122) 

Intravitreal 

Thrombin injection 
 Produce CRVO 

 No mechanical vascular 

damage 

 

 successful only in 43% of cases 

 Only 1 reported study 

(94) 

Intravitreal ET-1 

injection 

 

 Produce BRVO 

 Successful in 100% of cases 

 No mechanical vascular 

damage 

 

 Only 1 reported study 

 Transient occlusion (50-70 

minutes) 

 Affects both retinal arteries and 

veins 

 

(105) 

Intravitreal NPe6 

injection 

 

 Produce BRVO 

 Successful in 100% of cases 

 No mechanical vascular 

damage 

 

 Only 1 reported study 

 May produce feature unrelated to 

RVO 

(95) 

Intravitreal 

PD0325901 

injection 

 Produce BRVO 

 Successful in 100% of cases 

 No mechanical vascular 

damage 

 

 Only 1 reported study 

 May produce feature unrelated to 

RVO 

 Takes 1 week to produce RV 

 

(106) 

 

ET-1=Endothelin-1; RVO= retinal vein occlusion; CRVO=central retinal vein occlusion; BEVO= 

branch retinal vein occlusion 
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3.3.2.1    Laser photocoagulation 

The most commonly used method currently to induce RVO is laser photocoagulation.  

(57-65,72-83,87,89,93,96-103,108-111,119-121,123-141,151-162,170,172-190,214-220)  Under this method, laser 

irradiation of the selected retinal vein or veins is used to produce BRVO 

(87,89,97,121,136,140,151,172,174,214-219) and of all major branches to produce CRVO, (58-

65,93,103,152-162,220) classically 0.5-2 disc areas from the optic disc whilst avoiding 

causing damage to the retinal arteries (59,60,64,70,72,83,89,92,110,182,223) (Figure 31). Laser 

photocoagulation is typically done using a contact lens and slit lamp. (58-62,64,72-74,77,79-

83,92,96,100,110,120,126,128,129,131,133,135,182,183,188-190,193,224) Some studies have combined the 

laser photocoagulation with vitrectomy. (141,172-174) Different types of laser and 

wavelengths were used, commonly 514 nm Argon, with their parameters varying, 

depending on the type of laser used, type of animal and, use of adjuvants. 

Photosensitisers such as Rose Bengal, (57-

60,63,72,80,87,92,93,96,98,99,101,102,120,121,126,128,129,131,133,135,137,140,141,161,223) Erythrosin B, (64) 

Sodium fluorescein, (61,74,76,77,79,89,136,171,183,186-190,225) Chloroaluminium sulfonated 

phthalocyanine, (97) PAD-S31, (182) and NPe6 (73) are commonly used with the laser 

photocoagulation to minimise the amount of the laser energy needed to induce the 

RVO (Table 18). Rose Bengal is the most commonly used photosensitiser. (57-

60,63,72,80,87,92,93,96,98,99,101,102,120,121,126,128,129,131,133,135,137,140,141,161,223) Under this 

technique, Rose Bengal (10-50 mg/Kg) is infused systemically followed by laser 

irradiation. (57-60,63,72,80,87,92,93,96,98,99,101,102,120,121,126,128,129,131,133,135,137,140,141,161,223) 

Endophotocoagulation has also been used wherein an endolaser probe is inserted into 

the eye via a cannula and retinal veins are lasered till the point there is an evidence of 

occlusion. (140,141) Combination of intravitreal injection of thrombin (50 units) and 

laser photocoagulation has also been reported. (136) A modified laser photocoagulation 



Chapter III: Experimental animal models of retinal vein occlusion: A systematic review 

 

259 

 

model (in monkeys) involved corneal suture placement, which entailed the placement 

a through-and through suture in the cornea in order to create an aqueous leak and 

subsequent hypotony to produce iris neovascularisation. (161) 

 

Figure 31 Induction of retinal vein occlusion with laser photocoagulation in a mouse 

 
Fundus fluorescein angiogram obtained in a mouse eye immediately following induction of retinal vein 

occlusion with laser photocoagulation.  Note an area of thinning in a retinal vein at the site of the 

attempted occlusion, although there is still a presence of flow through the vein (arrow).  An area of 

retinal oedema blocking the view of the vein itself, which remains perfused, is also seen (arrow head).  

Achieving a full occlusion of the vein is challenging in mice, given that appropriate focusing of the 

laser beam, even the smallest available, on the very small retinal vein is difficult. 
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Table 18 Parameters of laser photocoagulation used in the different animal models 

Animal Type of laser Wave 

length 

Adjuvant Power Duration Size Number 

of shots 

Mice Krypton (80) 530.9 

nm 

IV Rose Bengal (40 

mg/ Kg) 

 

50 mW 3 s 50 µm 2-3 

Yag (81) 532 nm 1 ml 1% fluorescein 200 mW 

 

 

0.5 s 50 µm 7-12 

N/A (82,83) 532 nm IV 0.15 ml Rose 

Bengal  

 

160 mW 0.8-2.5 s 50 µm 2-5 

Rats Argon (57-

59,63,72,74,87,223) 

514 nm IV Rose Bengal (40 

mg/ Kg) 

 

80-150 mW 0.1-0.2 s 50-100 

µm 

6-20 

Argon (75) 490 nm IV PAD-S31 (10 

mg/ Kg) 

 

3 mW N/A 300 µm N/A 

Argon (224) N/A IP 0.3 ml 10% 

sodium fluorescein 

 

100-200 

mW 

0.2 s 50 µm 3-5 

Argon (61,62,79,90) N/A IV 0.2 ml 10% 

sodium fluorescein 

 

50-100 mW 0.5-1 s 50 µm 1-12 

Diode (60) 532 nm IV Rose Bengal (20 

mg/ Kg) 

 

100 mW 0.4 s 75 µm N/A 

Diode (70) 532 nm  180-240 

mW 

 

0.4 s 100 µm 5-7 

Diode (75) 675 nm IV PAD-S31 (10 

mg/ Kg) 

 

3 mW N/A 300 µm N/A 

N/A (64) 532 nm IV 2% Erythosin B 

(20 mg/ Kg) 

 

100 mW 0.2 s 100 µm 5-10 

Rabbits Argon (93,96,99) N/A IV Rose Bengal (40 

mg/ Kg) 

 

90-120 mV 

 

150-300 

mW 

 

0.2-0.5 s 50-125 

µm 

5-20 

Argon (101,102) 532 nm IV Rose Bengal (40 

mg/ Kg) 

 

150-300 

mW 

0.5 s 125 µm 10-30 

Argon (107) N/A IV Rose Bengal (50 

mg/ Kg) 

 

0.14 mW 0.3 s 100 µm 5-20 

Diode (97) 670 nm IV Chloraluminium 

sulfonated 

phthalocyanine 

(CASPc) 

(5 mg/ Kg) 

 

2 mW  0.5 mm2  

Cats Argon (109-111) 514 nm  300-500 

mV 

0.2 s 200 µm 20-25 

Dogs Argon (120) 514 nm IV Rose Bengal (50 

mg/ Kg) 

 

100-150 

mW 

0.2 s 100 µm 15-20 

Diode 32 Green IV Rose Bengal (40 

mg/ Kg) 

 

100-150 

mW 

0.2 s 100 µm 15-20 

Pigs Argon 
(126,128,131,133,135,149,150) 

 

514 nm IV Rose Bengal (10-

15 mg/ Kg) 

 

100-180 

mW 

1 s 100-125 

µm 

4-6 

Argon (130,134) 

 

514 nm  250 mW 0.2-0.5 s 500 µm N/A 

Argon (138,139,151) 532 nm 

 

 400 mW 0.5 s N/A 20-40 

Argon (endo-photo-

coagulation) 
(140,141) 

532 nm IV Rose Bengal (10 

mg/ Kg) 

140 mW 0.1 s N/A N/A 

Argon (136) N/A IV 1 ml 10% 

sodium fluorescein 

+ PP thrombin 

100-20 mW 0.2 s 200 µm N/A 
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Non- 

human 

primates 

Argon 

(Coherence radiation 

800) (188-190) 

N/A IV 0.5-2 ml of 10% 

sodium fluorescein   

100-450 

mW 

0.2 s 50-100 

µm 

N/A 

Argon (161) N/A IV Rose Bengal (4 

/mg/Kg) 

 

150-190 

mW 

5 s 100 µm 5-7 

Argon (162,181) Green   400-500 

mW 

 

0.5 s 500 µm N/A 

Argon (182) N/A 

 

 200-500 

mW 

0.1-0.2 s 

 

 

100-200 

µm 

N/A 

Argon (154) 

 

675 nm IV Chloraluminium 

sulfonated 

phthalocyanine 

(CASPc) 

 

N/A N/A 300 µm N/A 

Argon (123,152,153,172-177) 

 

N/A  N/A N/A N/A N/A 

Xenon arc (184,185) 

 

N/A  N/A N/A N/A N/A 

Dye 
(156,159,160,180,182,226,227) 

577 nm  

 

 200-500 

mW 

 

0.1-0.3 s 100-200 

µm 

N/A 

Krypton (161) N/A IV Rose Bengal (4 

/mg/Kg) 

 

150-190 

mW 

5 s 100 µm N/A 

Diode (73) 664 nm 

 

IV NPe6 (2 mg/ Kg)  

 

N/A N/A 1200 µm N/A 

 

IV= intravenous; nm= nano meters; N/A= no data available; mg= milligram; kg= kilogram; mW= milliwatt; s= second; 

micrometer; ml= millilitre; IP= intraperitoneal. 

 

3.3.2.2    Photodynamic therapy 

Photodynamic coagulation is another method to induce BRVO. (84-86,104,112,142,143) This 

method involves light illumination using a contact lens and slit lamp, or endo 

illumination of the selected retinal vein or veins. Care needs to be taken not to cause 

damage to retinal arteries, for a duration ranging between 6-20 minutes, till the 

evidence of venous occlusion is observed. (84-86,104,112,142,143) Photosensitisers such as 

Rose Bengal, (84-86,104,142,143) sodium fluorescein, (112) and NPe6 (73) were used in 

different doses based on the species used to facilitate the thrombus formation.  

3.3.2.3    Diathermic cauterisation  

An alternative way to produce CRVO and BRVO is diathermy, which was achieved 

by pars plana sclerotomy (65,113-117,144-146) or a lateral orbitotomy approach. (164-

166,168,191) In cats, BRVO was induced without vitrectomy by pars plana sclerotomy 
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observed by indirect ophthalmoscopy and through the use of a 20-gauge bipolar 

diathermy applied to the targeted vein/veins for five seconds. (113-117) In pigs, BRVO 

was achieved with temporal canthatomy, conjunctival incision, and three sclerotomies 

at 10, 2 and 5 o’clock posterior to the corneal limbus. (144-147) A light source and blunt 

bipolar diathermy probe was inserted into the vitreous with the aid of a contact lens. 

In addition, one or two major retinal veins were coagulated (current 100% 7.5 at 100 

Ω) about 1-disc diameter away from the optic disc for 5-7 seconds after 5 seconds of 

compression. (144-147) The procedure did not involve vitrectomy. (144-147) Diathermic 

cauterisation of central retinal vein were achieved through a lateral orbitotomy 

approach in monkeys to produce CRVO. (164-166,168,191) Under this method, diathermy 

is applied at the central retinal vein on the inferomedial aspect of the optic nerve since 

it exits the optic nerve sheath, thus avoiding injury of the ciliary vessels. (164-166,168,191) 

3.3.2.4    Permanent ligation of central retinal vein 

Mechanical ligation of the central retinal vein was reported in monkeys to produce 

CRVO in one study. (170) In a lateral orbital approach, an operating microscope was 

used for the purpose of magnification, and the central retinal vein was identified as 

well as ligated using 8-0 silk suture. Animals in this method were divided into two 

groups. In the first group, a small incision was made proximal to the suture and then 

Neoprene was introduced through a cannula into the central retinal vein where it 

solidified. In the second group, the central retinal vein was cut after ligation. (170)  

3.3.2.5    Transient ligation or clamping of the optic nerve  

Using a lateral orbital approach, transient ligation/ clamping (60-120 minutes) of the 

optic nerve was also used to produce CRVO in rats as well as in pigs. (66-69) This 

method, however, included the ciliary vessels and the central retinal artery. 
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3.3.2.6    Intravitreal injection of thrombin 

As a different CRVO model, Hirosaki model, was developed in rabbits using a 

different approach. (94) Based on premise that the extrinsic coagulation mechanism can 

be triggered by thromboplastin in the perivascular connective tissues, CRVO was 

successfully created through intravitreal injection of thrombin [thrombin solution 0.01 

mL (5 units)] under the direct vision on the wall of rabbit’s retinal veins using a 27-

gauge needle. A Goldmann-type contact lens was used to view the fundus. (94) 

3.3.2.7    Intravitreal injection of NPe6 

Another animal model of CRVO also in rabbits involved intravitreal injection of a 

hydrophilic photosensitiser, mono-L-aspartyl chlorin e6 (NPe6) (50 and 100µg) about 

2-3 mm posterior to the limbus using 30-gauge needle and 1 ml syringe. (95) In this 

particular model, RVO was developed only after one week of injection. 

3.3.2.8    Intravitreal injection of Endothelin-1 

Endothelin-1 (ET-1) is a vasoconstrictor peptide, which is normally produced by 

vascular endothelial cells. (105) In one study, intravitreal injection of 1000 pmol of 

Endothelin-1 solution over the disc using 29-gauge needle and 1 ml syringe was used 

to induce BRVO in rabbits. In this model, RVO lasted only 50-70 minutes. (105)  

3.3.2.9    Intravitreal injection of PD0325901  

PD0325901 [N-(2,3-dihyroxy-propoxy)-3,4-difluoro-2-(fluoro-4-iodo-phenylamino)-

benzamide] is a mitogen-activated protein kinase inhibitor, which was used in clinical 

trials for treating solid tumours and found to be associated with developing RVO.  On 

this basis, one study established a rabbit model of BRVO by a single intravitreal 

injection of PD0325901 (0.5 or 1 mg/eye) using 27-gauge needle into the mid vitreous 

about 3 mm posterior to limbus at the superior temporal quadrant. (106). 
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3.3.3    Clinical and histopathological features of RVO models 

Clinical and histopathological features of in vivo BRVO was described in 89 articles, 

while in vivo CRVO was described in 38 articles. Macular oedema was addressed in 

only 4 of 21 studies on monkey models BRVO (all laser-induced) (176,182,186,189) as well 

as in only 2 of 21 studies in monkey models of CRVO (both diathermy-induced)  

(166,191)  (Table 19 and Table 20). Ischaemia, defined by either the development of 

neovascular complications, extensive areas of capillary non-perfusion (capillary 

dropout), or both, or capillary non-perfusion associated with atrophy/ cell loss of the 

inner retinal layers, was reported in 28 out of 89 studies in laser-induced BRVO 

models of rodents (n=8), (70,76,80,81,83,87-89) pigs (n=6) (125-128,148,149) and monkeys (n=13) 

(171,172,174-177,180,183-186,188,189) and PD0325901-induced BRVO models of rabbits (n=1), 

(106) and in 15 out of 38 studies in laser-induced CRVO models of rodents (n=4), (57-

59,64) rabbits (n=1) (93) and monkeys (n=9), (152-155,157-161) in permanent ligation of 

central retinal vein CRVO models of monkeys (n=1), (170) and in thrombin-induced 

CRVO models of rabbits (n=1). (94) The remaining studies either did not develop or 

did not assist macular oedema and/ or ischaemia (see below). 

 All of the models showed the early features which are classically observed in 

human BRVO and CRVO, including the stoppage of blood flow, and venous dilation, 

engorgement, and tortuosity distal to the occlusion. Moreover, all of these models, 

except endothelin-1-induced CRVO, showed retinal haemorrhages and various 

amounts of retinal oedema, which were commonly observed within the first 48 hours 

of RVO induction, (60,65,71,74,75,81,84,87,89,91,92,94,96,100,108,113-115,117,119-123,127,131,139,142-146,150-

152,162,165,166,174,176,183,185,187,188,191,214-218,220,228-230) peaked at day 4, (60,71,75,91,214) and 

resolved 7-28 days following occlusion. (60,65,71,87,89,94,100,123,151,165,166,168,188,191,214,216,229) 

Various degrees of exudative retinal detachment developed in many eyes of laser-
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induced and diathermy-induced BRVO (71,87,89,97,108,114,117,120,182,215-217,220,228) and laser-

induced CRVO. (60,170,220) Bullous retinal detachment was also observed in many 

models which spontaneously resolved later during follow-up. (60,71,74,220,228) 

3.3.3.1 Branch Retinal Vein Occlusion  

1) Macular oedema 

Macular oedema was observed as early as 1-6 hours following venous occlusion 

(186,189) and became prominent 7-9 days from occlusion. (176,189) Spontaneous 

resolution of macular oedema varied between 49 days to 1 year following laser 

photocoagulation. (176,182) In fact, it was observed in nearly 100% of treated eyes in 

one of the four studies. (176) Both intracellular neural and extracellular oedema were 

reported. (186,189)  The oedema mainly observed in the nerve fibre layer and outer 

plexiform layer. (186,189) Capillaries adjacent to the extracellular oedema often 

appeared shrunken or compressed. (186) Additionally, macular oedema was often 

associated with cystoid degeneration and photoreceptor loss. (176,182,189) The remaining 

studies did not develop (192) or did not assess macular oedema. 

2) Retinal capillary non-perfusion and reperfusion 

Various degrees of capillary non-perfusion in laser-induced, diathermy-induced, and 

PD0325901-induced models of BRVO were reported. (83,87,89,127,144,175,176,185,187-

189,192,215-217,228,229,231) Areas of capillary non-perfusion were observed as early as three 

days following venous occlusion (216,228) and found to progress with time. (175,188) 

Extensive or severe areas of capillary non-perfusion were prominent 1-4 weeks from 

RVO (183,188,217,231) and were observed in up to 75% of eyes. (87,127,229) The areas of 

capillary non-perfusion persisted during the follow-up, for one to 20 weeks despite 

reperfusion. (83,87,89,127,144,175,185,187-189,192,215-217,228,229,231) Reperfusion in these models 

was either by recanalisation/ re-opening of the occluded vessels in some or all eyes 
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(81,83,84,86,87,89,96,97,102,104,108,113,120,123,127,131,182,183,214-217,228,231) or the development of 

collateral vessels in some eyes. (83,87,96,97,113,114,117,123,127,175,176,179,183,185,188,192,216,228-231) 

Recanalisation was observed in up to 100% of eyes of BRVO models 1-14 days 

following induction. (83,84,86,87,89,96,97,102,104,120,123,131,182,214-217,228,229) Collateral vessels 

were prominent 5-14 days of RVO. (83,123,175,176,188)  

3) Neovascular complications 

Posterior segment neovascularisation was observed in some laser-induced BRVO in 

rodents, (74,87,216) pigs, (127,128,149,217,229,231) and monkeys, (184,185,188,192) but not in the 

other BRVO models. Retinal and/ or disc neovascularisation was observed in 8.3% of 

eyes as early as seven days post-occlusion, (216) and in 60-70% of eyes 14 days 

following laser induction in rodent models. (74,216) In laser-induced pig models, retinal 

and/ or neovascularisation was described in about 50-93% of eyes 3-4 weeks of RVO 

(127,217,229,231) and up to 100% of eyes at 6 weeks. (128,149) In laser-induced monkey 

models, 9% of eyes developed retinal neovascularisation at four weeks. (188) Anterior 

segment neovascularisation was observed in laser-induced monkey models when 

three major branches were targeted. (172,174,180,219) In this model, up to 100% of eyes 

developed iris neovascularisation within the first six days of occlusion (172,174,180,219) 

and 17-20% were found to develop neovascular glaucoma within 25 days of follow-

up. (172,174) 

4) Vascular endothelial and pericytes cell loss 

Damage and loss of the vascular endothelial cells and pericytes was detected by 

histopathological examination in experimental models of BRVO (81,99,113,183,186,189), 

which resulted in ghost acellular vessels with glial cells invasion (175,183,189) and was 

observed as early as 1-48 hours (113,186,189). Endothelial cells apoptosis was detected as 
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early as one day of occlusion (81).  Pericytes loss was observed three days of occlusion 

and significantly worsened at 7 days with 40% loss (81).  

5) Retinal atrophy and cell loss 

Atrophic thinning/ loss of the inner retinal layers 

(71,82,83,85,86,114,121,127,145,149,175,183,185,186,188,189,214-217,231)  and replacement with glial cells 

(145,183) was also reported. The loss of the inner retinal layers was first observed three 

days from occlusion (215) and was found to be significant with 7-28 days of follow-up. 

(71,82,83,86,127,145,186,188,214-217)  Damage of the outer retinal layers and loss of the 

photoreceptors was observed in some eyes with laser-induced BRVO and ischaemia 

3-6 weeks following occlusion. (127,217,231) Photoreceptor loss was described in 67% of 

eyes at three months. (176) Damage to the photoreceptors was reported in 

photodynamic-induced thrombosis in rats within 2 days, which is probably secondary 

to the photodynamic therapy rather than ischaemia. (104) Electroretionphysiology 

(ERG) studies showed reduction of the amplitudes of “a” and “b” waves in both 

scotopic and photopic ERG performed two, four, and six days following laser-induced 

BRVO in rat models. (215) In multi-focal ERG, significant decrease of P1 and N1 

amplitudes and prolonged implicit times of P1 and N1 within the affected retina was 

observed four weeks following thrombus formation in diathermy-induced BRVO in 

pig models. (145,146) Retinal pigment epithelium (RPE) changes were also reported four 

weeks to three months following occlusion in laser-induced BRVO monkey models. 

(146,176,188) 

6) Other features 

Other features were also observed in some eyes with experimental BRVO such as 

cotton wool spots three days to six weeks in laser-induced monkey models (176,188); 

venous sheathing between seven days and three months (119,121,123,146,188); 
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microanurysms 1-8 months (113,119); and reduction of pre-retinal oxygen saturation 

measured at different time points between 60 minutes and three weeks 

(102,114,116,127,144,231). 
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Table 19 Clinical and histopathological features of branch retinal vein occlusion in animal models 

 Success 

% 

Retinal 

Haemorrhage  

Retinal 

oedema 

MO CNP Re-

canalisation 

Collaterals Posterior 

segment 

NV 

Anterior 

segment 

NV 

Loss of 

EC/ 

pericytes 

Loss 

of 

IRL 

Loss 

of 

ORL 

RPE 

changes 

References 

Laser photocoagulation  

 

 

Rodents 

 

89-100% Y Y N Y Y Y Y N Y Y N/A N/A (57,60,64,70,75,76,79-

83,87-92,213) 

Rabbits 

 

100% Y Y N N/A Y Y N N Y N/A N/A N/A (96,97,99,101,102,107) 

Cats 

 

100% Y Y N N/A Y Y N N N/A N/A N/A N/A (108-111) 

Dogs 

 

100% Y Y N N/A Y N/A N N Y Y N/A N/A (119-121) 

Pigs 

 

93-100% Y Y N Y Y Y Y N N/A Y Y N/A (123,125-128,130-

136,138-141,144-151) 

Non-human 

primates  

100% Y Y Y Y Y Y Y Y Y Y Y Y (171,172,174-

177,180,183-

186,188,189) 

Photodynamic therapy  

 

 

Rodents 

 

N/A Y Y N N/A Y N/A N N N/A Y Y N/A (84-86) 

Rabbits 

 

73% N Y N N/A Y N/A N N N/A N/A M/A N/A (104) 

Cats 

 

50% N N/A N N/A N/A N/A N N N/A N/A N/A N/A (112) 

Pigs 

 

100% Y Y N N/A N/A N/A N N N/A N/A N/A N/A (142,143) 

Diathermy 

 

  

Cats 

 

100% Y Y N Y Y Y N N Y Y N/A N/A (113-115,117) 

Pigs 

 

100% Y Y N Y Y Y N N N/A Y Y N/A (144-147) 

Intravitreal PD0325901 

 

 

Rabbits  

 

N/A N Y N Y N/A N/A N N N/A Y Y N/A (106) 

 

MO= macular oedema; CNP= capillary non-perfusion; NV= neovascularisation; EC=endothelial cells; IRL= inner retinal layers; ORL= outer retinal layers; RPE= retinal pigment epithelium; Y= developed; N= not 

developed; N/A= not assessed/no data available 
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3.3.3.2 Central Retinal Vein Occlusion  

1) Macular oedema 

Macular oedema was observed as early as 48 hours following venous thrombosis in 

14-66 % of CRVO monkey models induced by diathermy. (166,191) This resolved 

spontaneously 14 days after induction. (166,191)  

2) Capillary non-perfusion and reperfusion 

Various degrees of capillary non-perfusion were reported in laser- induced, permanent 

ligation of the central retinal vein, and thrombin-induced CRVO models, 

(100,152,153,157,170,232) which became extensive 2-4 weeks following CRVO and 

progressed to involve up to 75% of the retinal area seven weeks post laser 

photocoagulation in 67% of monkey models. (152) In thrombin-induced CRVO in 

rabbits, extensive areas of retinal capillary non-perfusion were observed at three 

months of occlusion. (94) Recanalisation or reopening of the occluded vessels were 

reported in many studies of laser-induced CRVO. (60,71,100,103,152-154) This was observed 

in 1-21 days following occlusion (60,71,100,103,154) in 6-80% of eyes. (100,103,152,153) 

Collateral vessels were also reported in some eyes two weeks to two months of 

follow-up with laser-induced CRVO as well as thrombin-induced CRVO. (94,100,152)   

3) Neovascular complications 

Neovascular complications were observed in laser-induced and thrombin-induced 

CRVO. (58,59,71,94,152-155,157-161) Pre-retinal neovascularisation was observed 1-3 weeks 

following laser photocoagulation in 17-90% of rats. (58,59,71,220) In monkey models, 

however, posterior segment neovascularisation was only described in one study, in 

which disc neovascularisation was detected in 17% of eyes 15-26 days and resolved 

spontaneously at day 87 post induction, (152) but this was not the case in other studies 

with follow-up periods ranged between 1-24 weeks. (103,153,155,157-162) Thrombin-
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induced CRVO in rabbits showed retinal neovascularisation in 60% of eyes at three 

months following injection. (94) Iris neovascularisation was only observed in laser-

induced monkey models. (152-155,157-161) This was detected 4-22 days from occlusion 

(154,155,157-161) in up to 100% of eyes (152,158,161) with some having spontaneous 

regression 13-60 days following laser photocoagulation. (152) Iris fluorescein leakage 

was observed at five days of follow up in 50% of eyes. (152) Neovascular glaucoma 

were developed in 18-33% of eyes in this model 12-21 days following occlusion. 

(153,155)  

4) Retinal atrophy and cell loss 

Atrophic thinning of the inner retinal layers and cell loss was reported in 7-21 days in 

rodents and rabbit models following laser photocoagulation, (65,71,93,214) 3-10 days 

following intervention in diathermy-induced monkey models associated with gliosis, 

(165) 3-7 days in monkey models of permanent ligation of the central retinal vein, (170) 

and four days in temporary (60 minutes) ligation of the optic nerve. (66) This was not 

resolved in any of the models during the follow-up of 1-6 weeks. (65,66,71,165,170,214) The 

ganglion cell loss in overall retina was reported to be about 11% at 7 days, (71) 30-31% 

at 14 days, (71,214) and 40% at 21 days following laser-induced RVO in rodent. (71) 

Atrophy of the outer nuclear layers was reported as early as four days following laser 

photocoagulation in rodent models. (71,214) Loss of retinal function in these models was 

confirmed with ERG studies, which showed significant reduction of amplitudes in 

both scotopic and photopic ERG. (214) Retinal pigment epithelium changes were also 

reported in many of the CRVO models. (66,93,95,152,166) 
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Table 20 Clinical and histopathological features of central retinal vein occlusion in animal models 

 

 

Success 

% 

 

Retinal 

Haemorrhage 

Retinal 

oedema 

MO CNP Re-

canalisation 

Collaterals Posterior 

segment 

NV 

Anterior 

segment 

NV 

Loss of 

EC/ 

pericytes 

Loss of 

IRL 

Loss of 

ORL 

RPE 

changes 

References 

Laser photocoagulation  

 

Rodents 

 

92-100% Y Y N Y Y N/A Y N N/A Y Y Y (57-60,65,71) 

Rabbits 

 

93% Y Y N Y Y Y N N N/A Y  N/A Y  (93) 

Non-human 

primates 

 

100% Y Y N Y Y Y Y Y N/A N/A N/A Y  (152-155,157-163) 

Diathermy 

 

Non-human 

primates 

 

N/A Y Y Y N/A N/A N/A N N N/A Y N/A Y  (164-169) 

Permanent mechanical ligation of central retinal vein  

 

Non-human 

primates 

 

N/A Y Y N Y N N/A N N Y  Y  N/A N/A (170) 

Transient ligation/ clamping of optic nerve 

  

Rodents 

 

N/A N/A Y  N N/A Y N/A N N N/A Y Y Y  (66,67,69) 

Pigs 

 

N/A Y Y N N/A Y N/A N N N/A N/A N/A N/A (122) 

Intravitreal thrombin  

  

Rabbits 

 

43% Y N/A N Y N/A Y  Y N Y N/A N/A N/A (94) 

Intravitreal NPe6 

  

Rabbits 

 

N/A Y N/A N N/A N/A N/A N N N/A Y Y Y  (95) 

Intravitreal ET-1  

  

Rabbits 

 

100% N N N N Y N N N N/A N/A N/A N/A (105) 

 

MO= macular oedema; CNP= capillary non-perfusion; NV= neovascularisation; EC= endothelial cells; IRL= inner retinal layers; ORL= outer retinal layers; RPE= retinal pigment epithelium; ET-1= endothelin-1; Y= 

developed; N= not developed; N/A= not assessed/no data available 
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3.4   Discussion 

Although none of the RVO models described above exactly mimicked RVOs in 

humans, almost all models exhibited early features of the disease seen in humans, 

including retinal haemorrhages and retinal oedema (3.3.3. Clinical and 

histopathological features of RVO models), which may make them adequate models 

to study the acute phase of the BRVO and CRVO. However, only few models 

developed macular oedema (in monkeys), (166,176,182,186,189,191) which makes the study 

of this particular feature difficult.  

Unlike humans, most of these models demonstrated spontaneous reperfusion 

(see section 3.3.3. Clinical and histopathological features of RVO models), which 

occurred more rapidly as well as effectively in the in-vivo models of RVO in 

comparison to humans RVO. Consequently, ischaemic features failed to develop in 

most models and iris neovascularisation was not observed, except in laser-induced 

monkey models, (152-155,157-161,172,174,180,219) making the study of the ischaemic form of 

RVO more challenging. The un-observed ischaemic features in the different models 

may be attributed to the insufficient follow-up time or other factors such as the nature 

of the occlusion induced by the various techniques or the nature of the reperfusion 

developed. The few models that demonstrated ischaemia were associated with several 

difficulties. To illustrate, the small eyes and the thin delicate sclera of rodents in laser-

induced ischaemic BRVO and CRVO make this model unideal for diagnostic and 

therapeutic procedures. Moreover, despite that monkey models of laser-induced 

ischaemic CRVO and BRVO appeared to be the best in demonstrating clinical and 

histopathological features that mimics those in humans (see section 3.3.3. Clinical and 

histopathological features of RVO models), the use of monkeys as experimental 

models is linked to ethical issues and other difficulties.  Although thrombin-induced 
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CRVO rabbit models showed ischaemic features, namely, areas of capillary-non-

perfusion and retinal neovascularisation in 60% of the eyes, (94) retinal 

neovascularisation was observed at or after three months, which make the study of 

this neovascularisation in this model time consuming. In addition, the success rate of 

developing RVO in this model is as low as 43%. (94) There are not sufficient studies in 

the literature supporting the findings in this model. Similarly, laser-induced iCRVO 

(93) and PD0325901-induced iBRVO (106) in rabbits were not found to have adequate 

supporting literature.  

Although the described laser-induced pig model of ischaemic RVO did not 

show anterior segment neovascular complications (see section 3.3.3. Clinical and 

histopathological features of RVO models), this model seems to be a superior model 

and was associated with less and manageable limitations to study the pathogenesis, 

and new diagnostic/therapeutic options of ischaemic RVO as compared to other 

models.    

In conclusion, several RVO in-vivo models, despite being imperfect, are 

available to study the pathogenesis and evaluate new diagnostic/ prognostic 

investigations as well as therapeutic options for this disease and must be utilised to 

improve our understanding and the outcomes of this potentially blinding condition.
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4.1   Introduction 

As mentioned earlier in Chapter II, natural history studies on retinal vein occlusion 

(RVO) showed that presence and extent of retinal capillary non-perfusion, resulting in 

ischaemia, is associated with a worse visual prognosis and higher risk of developing 

complications. Therefore, it is important that retinal ischaemia is considered when 

approaching patients with RVO. (1-4) Data on outcomes of ischaemic forms of RVO, 

in particular, using the CVOS (5) and BVOS (6) studies classification of ischemic 

central RVO (iCRVO) and ischemic branch (iBRVO) [area of retinal capillary non-

perfusion ≥10 disc areas (DA) for iCRVO and ≥ 5 DA for iBRVO on standard FFA] 

following intravitreal anti-VEGF (vascular endothelial growth factor) therapies, 

which is currently the first line therapy for most patients with macular edema 

secondary to RVO (7-11) , is limited. As highlighted previously in Chapter II, most 

randomised clinical trials (RCTs) that investigated the clinical effectiveness of anti-

VEGF therapy for the treatment of macular edema secondary to RVO, which form the 

evidence-base supporting their use in RVOs, did not include or included few patients 

with retinal ischemia at presentation. (12-17)  Thus, the efficacy of anti-VEGFs in this 

group of patients remains uncertain. 

Real-life studies, despite their retrospective nature, are valuable in evaluating 

diseases and their treatments in routine clinical practice, and can provide some 

insights beyond those addressed by RCTs. Hence, real-life studies have value in 

improving healthcare decision making. Unlike in RCTs, the results from real-life 

studies are less influenced by factors which may affect the outcomes of a certain 

disease. Therefore, real-life studies are a useful tool in assessing and reviewing the 

quality of care provided to the patients, and making a comparison with RCTs as a 

benchmark is essential to audit local clinical practice and outcomes. Furthermore, 
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real-life studies can address subgroups of patients, who did not meet the usually tight 

inclusion criteria of clinical trials, such as older patients, or those presenting with a 

more severely affected eye. 

The aim of this chapter is to present the baseline characteristics and outcomes 

of the various types of RVO from real-life data, specifically, to determine whether or 

not the classification of RVO based on the presence/extension of retinal ischemia, as 

determined by the CVOS (for iCRVO) and BVOS (for iBRVO) studies, has an impact 

on functional and anatomical outcomes following treatment and to investigate what 

other factors have prognostic implications in the response to anti-VEGF treatment.   

 

4.2   Materials and Methods  

4.2.1 Study design and materials 

This was a retrospective clinical study which reviewed medical records, standard 

fundus fluorescein angiography (FFA), and spectral domain optical coherence 

tomography (SD-OCT) images of all consecutive patients with RVO presenting to 

any of the three main ophthalmology clinics in Belfast, Northern Ireland, United 

Kingdom [i.e. Mater Hospital, Royal Victoria Hospital, or Shankill Centre], between 

1 July 2014 and 31 December 2015. Both electronic and physical medical records 

(laser and surgical log books/lists) were reviewed to ensure the widest coverage of 

cases. This study formed part of an approved audit (audit number 5205) conducted at 

the Belfast health and social care trust (BHSCT). Full ethical review was waived.  

Data was analysed and presented in three sections: (1) baseline characteristics, 

(2) macular oedema outcomes, and (3) neovascularisation outcomes. In the first 

section, the baseline characteristics were presented for all new CRVO and BRVO 
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patients, regardless of their ischaemic status, as classification of eyes into ischaemic 

and non-ischaemic was not always possible (i.e. not all patients had FFA at 

presentation). In the second and main section, data from CRVO and BRVO patients 

for whom classification was possible into ischaemic or non-ischaemic were analysed, 

and the impact of this classification was studied on the anatomical and functional 

outcomes following anti-VEGF therapy. For the purpose of this section, hemicentral 

and hemispheric RVO (HRVO) were grouped within BRVO. In the third section, data 

were analysed in those who had neovascularisation or neovascular complications at 

presentation. Similar to the second section, eyes with HRVO were grouped within 

BRVO. 

4.2.2 Inclusion and exclusion criteria 

In the first section, only new cases of RVO were included. In the second section, 

patients were included in the analysis if they: (1) had newly diagnosed RVO, (2) had a 

FFA undertaken or had neovascularisation at the time of presentation, (3) had a 

minimum follow-up of 12 months, and (4) received anti-VEGF therapy (i.e. 

ranibizumab, aflibercept or bevacizumab) to treat macular oedema. Patients who did 

not meet these inclusion criteria and those who had other ocular diseases in addition 

to RVO which may affect vision (e.g. diabetic retinopathy, age-related macular 

degeneration) were excluded from this study. Summary of medical records screening 

and selection of cases is presented in Figure 32, under the Results section. In the third 

section, patients were included in the analysis if they: (1) had newly diagnosed RVO, 

(2) had neovascularisation in the anterior or posterior segment of the eye at the time 

of presentation, and (3) had a minimum follow-up of 12 months.  

4.2.3 Data Collection 

 



Chapter IV: Baseline characteristics and outcomes of retinal vein occlusion (RVO) following treatment: Ischaemic versus 

non-ischaemic RVO 

310 

 

A data collection form was created and used to report demographic data, history of 

systemic and ophthalmic diseases in the affected eye, duration of follow-up (months), 

treatments received, best corrected visual acuity (BCVA), macular oedema, and 

neovascular complications (see below for more details on definitions and measures 

used). The baseline criteria and outcomes of RVO in eyes treated with intravitreal 

anti-VEGF injections were compared between the ischaemic and non-ischaemic 

forms of RVO [i.e. iCRVO versus non-iCRVO and iBRVO versus non-iBRVO].  

4.2.4 Definitions and measures 

4.2.4.1 Retinal and macular ischaemia 

Eyes with RVO were classified into ischaemic or non-ischaemic based on the area of 

retinal capillary non-perfusion observed on FFA images (Spectralis HRA-OCT; 

Heidelberg Engineering, Heidelberg, Germany).  In accordance with the CVOS, 

iCRVO was defined by the presence of ≥ 10 disc areas (DA) of retinal CNP (5,15,18); 

iBRVO and ischaemic hemicentral/ hemispheric RVO (iHRVO) were defined by the 

presence of ≥ 5 DA of retinal CNP (6,19-21). The status of the perifoveal capillary 

network (preserved/ intact, broken, or unclassifiable) was also recorded. Eyes where 

FFA images were ungradable owing to the presence of marked retinal haemorrhages 

or poor quality were considered ‘unclassifiable’.  Reading of all FFA images was 

conducted prospectively, masked to the functional and anatomical outcomes.  Eyes 

with any ocular neovascularisation detected at presentation were considered to have 

iRVO.  

4.2.4.2 Treatment 

Given that this was a retrospective study, the treatment regimen and re-treatment 

decisions were at the discretion of the treating clinicians.  The local protocol for 

treatment of macular oedema secondary to RVO, however, recommended three 



Chapter IV: Baseline characteristics and outcomes of retinal vein occlusion (RVO) following treatment: Ischaemic versus 

non-ischaemic RVO 

311 

 

loading doses of monthly ranibizumab or aflibercept during the study period, followed 

by monthly review with further treatment based on a pro re nata (PRN) strategy [i.e. 

further injections undertaken if intraretinal (IRF) or subretinal fluid (SRF) was 

present]. This study did not differentiate between the types of anti-VEGF received 

[i.e. ranibizumab, aflibercept, or bevacizumab]. The number of intravitreal anti-VEGF 

injections [mean ± standard deviation (SD)] was reported at 12 months. All patients 

who had neovascularisation at presentation or developed neovascularisation during 

follow-up received pan-retinal photocoagulation. 

4.2.4.3 Best Corrected Visual Acuity  

Best corrected visual acuity was reported using ETDRS (early treatment diabetic 

retinopathy study) letters at baseline (at presentation) and 12 months (12 ± 3 months) 

using four-meter ETDRS visual acuity charts with the patient’s most current 

refraction. The ETDRS score obtained was used for the analysis and Snellen 

equivalent was provided when appropriate. A change of 10 or 15 ETDRS letters was 

considered to be clinically significant and the proportion of eyes that gained ≥10 

ETDRS letters and ≥ 15 ETDRS letters at 12 months follow-up was reported and 

compared between ischaemic and non-ischaemic forms of CRVO and BRVO. Change 

of mean (± SD) visual acuity from presentation to 12 months was also presented in 

each category of RVO. In addition, proportion of eyes with ≥ 6/12 (20/40) Snellen (≥ 

70 ETDRS letters), 6/15–6/48 (~20/50-20/160) Snellen (36–69 ETDRS letters) and ≤ 

6/60 (20/200) Snellen (≤ 35 ETDRS letters) was reported at baseline and 12 months 

follow-up. 
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4.2.4.4 Macular oedema 

Macular oedema at baseline was defined by the presence of IRF or SRF at the macula 

and involving its centre, as determined by SD-OCT images (Spectralis OCT; 

Heidelberg Engineering, Heidelberg, Germany). Resolution of macular oedema was 

defined by the complete absence of IRF or SRF on SD-OCT at 12 months (±3 

months) follow-up. Central subfield thickness (CST) was reported in µm at baseline 

and 12 months (12 ± 3 months). Ideally, CST should be 250-300 µm. Change in mean 

(± SD) of CST from presentation to 12 months was presented and compared between 

ischaemic and non-ischaemic forms of RVO (CRVO and BRVO). The proportion of 

eyes with complete resolution of macular oedema at 12 months was reported for each 

RVO category and compared between ischaemic and non-ischaemic forms of RVO 

(CRVO and BRVO). 

4.2.4.5 Neovascular complications 

Neovascularisation in iris (NVI), angle (NVA), optic disc (NVD), and elsewhere in 

the retina (NVE), and neovascular complications including neovascular glaucoma 

(NVG), vitreous haemorrhage (VH), as well as tractional retinal detachment (TRD) 

were reported at baseline and if developed anytime during the 12 months of follow-

up. Anterior segment neovascularisation refers to NVI and/or NVA, while posterior 

segment neovascularisation denotes NVD and/or NVE. The proportion of eyes that 

developed neovascular complications during 12 months of follow-up was reported for 

each RVO category and was compared between CRVO, BRVO and HRVO.  
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4.2.5 Data analysis 

Data were entered into the statistical package for social sciences (SPSS Inc., Chicago, 

IL, USA, version 20.00) and a descriptive analysis was performed for all three 

sections. In the second section, further analysis was conducted using inferential 

models which were fitted in the R software environment (R foundation for statistical 

computing, Vienna, Austria, version 3.4.3).  

Outcomes tested for association with the classification (ischaemic versus non-

ischaemic) included the proportion of eyes gaining ≥10 and ≥15 ETDRS letters of 

visual acuity at 12 months as well as the mean change in vision from baseline to 12 

months. These were estimated using log binomial models for dichotomous outcomes 

and multiple linear regression for continuous outcomes.  Associations between the 

classification and anatomical outcomes, including the proportion of eyes with 

resolution of macular oedema at 12 months, the mean change in CST, and the 

proportion of eyes who developed neovascular complications from baseline to 12 

months were estimated using both logistic binomial models and multiple linear 

regression analysis, as deemed appropriate. Models were constructed including other 

factors which could potentially affect functional and anatomical outcomes including 

baseline vision, baseline CST, presence of primary open angle glaucoma (POAG), 

diabetes mellitus, hypertension, dyslipidaemia, status of the perifoveal capillary 

network (see above), presence of neovascular complications at presentation, as well as 

the number of injections received.  A p-value of < 0.05 was considered statistically 

significant 

Given that only two patients had bilateral RVO, no statistical corrections were 

made to account for the inclusion of both eyes of the same patient. 
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4.3   Results 

4.3.1   Baseline characteristics 

From a total of 484 electronic records and 492 physical records screened, merging the 

findings, a total of 344 eyes of 338 patients were identified who had been diagnosed 

with new incident of RVO between 1st July 2014 and 31st December 2015 (18 

months). Of these, 154 eyes (45%) were CRVO, 160 eyes (47%) with BRVO, and 30 

eyes (8%) were HRVO (Figure 32). Not all could be classified into ischaemic or non-

ischaemic, given that not all had FFA at baseline. However, a summary of the 

baseline characteristics of these eyes is presented in Table 21 Baseline characteristics 

of all new retinal vein occlusion cases, below. 

 

Figure 32 Flow chart of process of medical records screening and selection of RVO cases 

RVO= Retinal vein occlusion; n= number of cases; CRVO= Central retinal vein occlusion; BRVO= Branch 
retinal vein occlusion; HRVO= Hemiretinal vein occlusion. 
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Table 21 Baseline characteristics of all new retinal vein occlusion cases (descriptive table) 

 CRVO (n=154) 

 

BRVO (n=160) HRVO (n=30) 

Age [years] 

Mean ±SD 

74±11 72±11 67±13 

Gender 

Male (n) 

77 (50%) 79 (49%) 14 (47%) 

Eye involved 

Right (n) 

83 (54%) 78 (49%) 18 (60%) 

Type of vessel involved n     

Major N/A 94 (59%) N/A 

Macular N/A 62 (39%) N/A 

Major & Macular 

 

N/A 4 (3%) N/A 

Vessel involved (n)    

Central 154 (100%) N/A N/A 

Superior N/A N/A 16 (53%) 

Inferior N/A N/A 14 (47%) 

Superior temporal N/A 59 (37%) N/A 

Inferior temporal N/A 31 (19%) N/A 

Superior nasal N/A 3 (2%) N/A 

Inferior nasal N/A 1 (1%) N/A 

macular N/A 62 (39%) N/A 

Macular & inferior temporal N/A 4 (3%) N/A 

Systemic Disease 

(n) 

   

Hypertension 101 (66%) 100 (63%) 17 (57%) 

Diabetes mellitus 40 (26%) 28 (18%) 6 (20%) 

Dyslipidaemia 86 (56%) 74 (46%) 11(37%) 

Ischaemic heart disease 6 (4%) 4 (1%) 0 

Stroke 

 

9 (6%) 4 (1%) 0 

Ophthalmic Disease 

(n) 

   

Glaucoma 28 (18%) 23 (14%) 9 (30%) 

Diabetic retinopathy 1 (1%) 7 (4%) 0 

Hypertensive retinopathy 2 (1%) 4 (3%) 0 

Age-related macular degeneration 7 (5%) 6 (4%) 0 

History of RVO (different vessel) 7 (5%) 8 (5%) 2 (7%) 

Epi-retinal membrane 6 (4%) 

 

9 (5%) 2 (7%) 

BCVA  [ETDRS letters] 

Mean ±SD 

 

42±25 

 

58±18 

 

51±20 

BCVA [ETDRS letters (Snellen 

equivalent)] (n) 

≥70 (≥6/12) 

69-36 (6/15-6/48) 

≤35 (≤6/60) 

 

 

23 (15%) 

76 (49%) 

55 (36%) 

 

 

54 (34%) 

92 (58%) 

14 (9%) 

 

 

7 (23%) 

15 (50%) 

8 (27%) 

CST [µm] 

Mean ±SD 

657±212 471±174 574±234 

Neovascularisation (n) 18 (12%) 10 (6%) 4 (13%) 

Iris 9 1 0 

Angle 1 0 0 

Disc 6 3 2 

Elsewhere 

 

2 6 2 

 

RVO= retinal vein occlusion; n= number of cases; CRVO= central retinal vein occlusion; BRVO= branch retinal vein 

occlusion; HRVO= Hemiretinal vein occlusion; N/A= not applicable.  
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Mean visual acuity (±SD) at baseline was worst in eyes with CRVO (42±25 

ETDRS letters) followed by HRVO (51±20 ETDRS letters) and BRVO (58±18 

ETDRS letters). Visual acuity ≤ 35 ETDRS letters (6/60 Snellen) was found in 36% 

of eyes with CRVO, 27% of those with HRVO, and 9% of those with BRVO. CST 

which indicates that the degree of macular oedema was also greatest in those with 

CRVO (657±212 µm) followed by HRVO (574±234 µm) and BRVO (471±174 µm). 

Neovascularisation at presentation was found in 18/ 154 (12%) of eyes with CRVO, 

4/ 30 (13%) in those with HRVO, and 10/160 (6%) in those with BRVO.  

4.3.2 Outcomes of macular oedema 

Of the total 344 eyes with new incidence of RVO, 166 eyes could be classified into 

ischaemic or non-ischaemic RVO and have a follow-up of ≥ 12 months. Of these, 15 

eyes did not receive/require treatment due to the absence of macular oedema (n=7) or 

patient’s denial to receive treatment (n=8). Treatment of macular oedema with anti-

VEGF only was found in 124 eyes, with steroids only in seven eyes, with grid 

macular laser photocoagulation only in two eyes. Sixteen eyes received both anti-

VEGF and steroid therapies, while two eyes received both anti-VEGF and grid 

macular laser photocoagulation therapies. Due to the very small number of eyes that 

did not receive or received treatment other than anti-VEGF only, analysis was not 

performed for these eyes to see the outcomes in ischaemic and non-ischaemic forms 

of RVO. Analysis only involved eyes that received anti-VEGF for macular oedema as 

a single therapy. 

Of the 124 eyes which received anti-VEGF only for macular oedema, nine 

eyes were excluded because of other retinal diseases. A total of 115 patients (117 

eyes) met the inclusion criteria and analysed. There was a total of 58 eyes with CRVO 

(iCRVO=17 and non-iCRVO=41) and 59 with BRVO (iBRVO=17, with 7 iHRVO 
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and non-iBRVO=42, with 7 non-iHRVO) (Figure 33). Ischaemic forms of both 

CRVO and BRVO presented with worse mean (±SD) baseline vision [28±22 ETDRS 

letters (6/75 Snellen equivalent) and 52±20 ETDRS letters (6/24 Snellen equivalent), 

respectively) than non-ischaemic forms [53±18 ETDRS letters (6/30 Snellen 

equivalent) and 60±14 ETDRS letters (6/18 Snellen equivalent), respectively]. 

Moreover, eyes with iCRVO and iBRVO were found to have slightly greater CST at 

presentation than those with non-iCRVO and non-iBRVO. Eyes with iRVO received 

slightly fewer anti-VEGF injections during the first year of treatment than those with 

non-ischaemic forms.  Baseline characteristics of included patients of this section are 

summarised in Table 22. 
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Figure 33 Flow chart of process of screening and selection of patients with classifiable retinal 

vein occlusion, follow-up of 12 months and anti-VEGF therapy 

RVO= Retinal vein occlusion; n= number of cases; CRVO= Central retinal vein occlusion; BRVO= Branch 

retinal vein occlusion; VEGF= vascular endothelial growth factor 
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Table 22 Baseline characteristics of ischaemic and non-ischaemic retinal vein occlusion (descriptive table) 

 
 CRVO BRVO  

 

iCRVO niCRVO Total iBRVO niBRVO Total 

Number of eyes (n) 

 

17 41 58 17 42 59 

Age [years] 

Mean ±SD 

 

73±12 

 

73±11 

 

73±17 

 

72±10 

 

71±12 

 

71±12 

Gender 

Male n (%) 

 

 

8 (44%) 

 

23 (56%) 

 

31(53%) 

 

9 (53%) 

 

23 (55%) 

 

32 (54%) 

Eye involved 

Right n (%) 

 

 

12 (67%) 

 

22 (54%) 

 

34 (59%) 

 

8 (47%) 

 

23 (55%) 

 

31 (53%) 

Systemic Disease n (%) 

Hypertension 

DM 

Dyslipidaemia 

Ischaemic heart disease 

Other cardiovascular dis. 

Stroke 

 

13 (72%) 

4 (22%) 

11 (61%) 

2 (11%) 

7 (39%) 

1 (6%) 

 

24 (59%) 

11 (27%) 

26 (63%) 

0 

12 (29%) 

1 (2%) 

 

37 (64%) 

15 (26%) 

37 (64%) 

2 (3%) 

19 (33%) 

2 (3%) 

 

8 (47%) 

3 (18%) 

6 (35%) 

1 (6%) 

6 (35%) 

1 (6%) 

 

28 (67%) 

4 (10%) 

20 (48%) 

0 

10 (24%) 

0 

 

36 (61%) 

7 (12%) 

26 (44%) 

1 (2%) 

16 (27%) 

1 (2%) 

Ophthalmic Diseases n (%) 

Glaucoma (POAG) 

History of RVO (different vein) 

 

 

5 (28%) 

1 (6%) 

 

7 (17%) 

3 (7%) 

 

12 (21%) 

4 (7%) 

 

0 

1 (6%) 

 

13 (31%) 

3 (7%) 

 

 

13 (22%) 

4 (7%) 

Vessel occluded n (%) 

Macular 

Major 

 

 

N/A 

N/A 

 

N/A 

N/A 

 

N/A 

N/A 

 

0 

17 (100%) 

 

22 (52%) 

20 (48%) 

 

22 (37%) 

37 (63%) 

Perifoveal capillary network at 

presentation n (%) 

Preserved 

Broken 

Unclassifiable 

 

 

2 (11%) 

10 (56%) 

5 (29%) 

 

 

23 (56%) 

15 (37%) 

3 (7%) 

 

 

25 (43%) 

25 (43%) 

8 (14%) 

 

 

7 (41%) 

9 (53%) 

1 (6%) 

 

 

 

9 (21%) 

29 (69%) 

4 (10%) 

 

 

16 (27%) 

38 (64%) 

5 (9%) 

BCVA at presentation [ETDRS 

letters] 

Mean ±SD 

 

28±22 

 

53±18 

 

46±22 52±20 60±14 58±16 

BCVA [ETDRS letters (Snellen 

equivalent)] n (%) 

≥70 (≥6/12) 

69-36 (6/15-6/48) 

≤35 (≤6/60) 

 

 

 

1 (6%) 

5 (29%) 

11 (65%) 

 

 

 

16 (39%) 

18 (44%) 

7 (17%) 

 

 

17 (29%) 

23 (39%) 

18 (31%) 

 

 

9 (53%) 

6 (35%) 

2 (12%) 

 

 

22 (52%) 

18 (43%) 

2 (5%) 

 

 

31 (53%) 

24 (40%) 

4 (7%) 

CST at presentation [µm] 

Mean ±SD 

  

662±206 658±176 659±183 519±232 491±140 499±170 

Neovascularisation at presentation n 

(%) 

Iris  

Angle  

Disc  

Elsewhere  

7 (39%) 

3  

1  

2  

1  

 

0 

0 

0 

0 

0 

7 (39%) 

3  

1  

2  

1  

 

1 (6%) 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 (6%) 

0 

0 

0 

1 

Number of anti-VEGF injections 

Mean± SD 

5±2 7±2 6±3 5±2 6±2 5±2 

 

RVO= Retinal vein occlusion; n= number of cases; CRVO= Central retinal vein occlusion; BRVO= Branch retinal vein 

occlusion; VEGF= vascular endothelial growth factor; iCRVO= ischaemic CRVO; iBRVO= ischaemic BRVO; niCRVO= 

non-ischaemic CRVO; ni-BRVO= non-ischaemic BRVO; BCVA= best corrected visual acuity; ETDRS; early treatment 

diabetic retinopathy study; CST= central sub-field thickness  
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Functional and anatomical outcomes in eyes with CRVO (iCRVO and non-

iCRVO) and BRVO (iBRVO and non-iBRVO) at 12 months following anti-VEGF 

therapy are summarised in Table 23.  

Table 23 Summary of functional and anatomical outcomes in eyes with CRVO and BRVO at 12 

months following anti-VEGF therapy (descriptive table) 

Outcomes CRVO 

 

  BRVO 

 

iCRVO 

(n=17) 

niCRVO 

(n=41) 

Total 

(n=58) 

iBRVO 

(n=17) 

niBRVO 

(n=42) 

Total 

(n=59) 

 

Functional  

 

Gain of ≥10 ETDRS letters 

n (%) 

6 (35%) 

 

 

16 (39%) 

 

22 (38%) 12 (71%) 13 (31%) 25 (42%) 

Gain of ≥15 ETDRS letters 

n (%) 

3 (18%) 

 

 

12 (29%) 

 

15 (26%) 8 (47%) 8 (19%) 16 (27%) 

Change of BCVA 

Mean± SD (ETDRS letters) 

 

 

3±16 

 

 

 

5±18 

 

 

 

4±17 

 

 

 

12±9 

 

 

 

7±3 

 

 

 

8±12 

 

 

 

Final BCVA≥70 ETDRS 

letters (6/12 Snellen) n (%) 

 

1 (6%) 17 (41%) 18 (31%) 10 (59%) 25 (60%) (59%) 

Final BCVA≤35 ETDRS 

letters (6/60 Snellen) n (%) 

 

11 

(65%) 

7 (17%) 18 (10%) 2 (12%) 2 (5%) 4 (2%) 

 

Anatomical  

 

Resolution of macular oedema 

n (%) 

 

6 (35%) 

 

 

16 (39%) 

 

22 (38%) 16 (47%) 19 (46%) 35 (59%) 

Change of CST  

Mean± SD (µm) 

-

222±260 

 

 

-256±249 -246±250 -199±226 -128±173 -148±191 

Development of NV 

complications  

n (%) 

 

2 (12%) 

 

2 (5%) 

 

4 (7%) 

 

2 (12%) 0 2 (3%) 

Number of anti-VEGF 

injections 

Mean± SD 

5±2 7±2 6±3 5±2 6±2 5±2 

 

VEGF: vascular endothelial growth factor; n: number of eyes; BCVA: best-corrected visual acuity; ETDRS: early treatment 

diabetic retinopathy study; SD: standard deviation; CST: central subfield thickness; CRVO: central retinal vein occlusion; 

BRVO: branch retinal vein occlusion; i: ischaemic; ni: non-ischaemic; NV: neovascular complication; ERM; epi-retinal 

membrane. 

 

 

Of the total 117 eyes included, 51% (60/117) received ranibizumab only, 42% 

(49/117) received aflibercept only, 5% (2/117) started on ranibizumab and then 
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switched to aflibercept, whereas 2% received bevacizumab. Gain of ≥ 10 ETDRS 

letter of visual acuity was observed in a slightly greater proportion of eyes with 

BRVO (42%) than with CRVO (38%), regardless of the ischaemic status. Similarly, 

the mean change in vision from baseline to 12 months was also found to be greater in 

BRVO than in CRVO, with a mean visual acuity gain of 8 ETDRS letters (SD±12) in 

BRVO when compared with 4 ETDRS letters (SD±17) in CRVO.  

A greater proportion of eyes with iBRVO (71% gained ≥10 ETDRS letters and 

47% gained ≥ 15 ETDRS letters) achieved visual acuity gains at 12 months following 

treatment than those with non-iBRVO (31% gained ≥ 10 ETDRS letters and 19% 

gained ≥15 ETDRS letters).  Contrastingly, eyes with iCRVO (35% and 18% gains of 

≥10 and ≥15 ETDRS letters, respectively, and mean change of 3±16 ETDRS letter) 

had worse visual outcomes than non-iCRVO (39 % and 29% gains of ≥10 and ≥15 

ETDRS letters, respectively, and mean change of 5±18 ETDRS letter) (Figure 34).  

Visual acuity of ≥70 ETDRS letters (Snellen equivalent of 6/12) at 12 months was 

achieved in 6%, 41%, 59% and 60% of eyes with iCRVO, non-iCRVO, iBRVO and 

non-iBRVO, respectively. Figure 35 illustrates an example of FFA image at baseline 

for a patient with iCRVO and SD-OCT images at baseline and at 12 months following 

anti-VEGF therapy. 
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Figure 34 Distribution of visual acuity changes at 12 months by type of retinal vein occlusion 

(RVO) 

Central retinal vein occlusion versus branch retinal vein occlusion and ischemic status, the figure 

illustrating that the association between visual acuity change and ischemia differs between the two 

groups. For eyes with BRVO, visual acuity change was higher among ischemic eyes whereas the 

opposite was observed for eyes with CRVO. 

 

Figure 35 Ischaemic central retinal vein occlusion 

Fundus fluorescein angiography (FFA) [left] and spectral-domain optical coherence tomography 

(SD-OCT) [right] of an 81 years old female patient with right ischaemic central retinal vein 

occlusion (iCRVO).  Baseline visual acuity was 9 ETDRS letters (6/192 Snellen equivalent).  

Following 6 anti-VEGF injections during the 12 months of follow-up visual acuity improved to 
21 ETDRS letters (6/120 Snellen equivalent). Central subfield thickness (CST) was reduced 

from 793µm at baseline to 244µm at 12 months follow-up.  Extensive areas of retinal capillary 

non-perfusion were observed on FFA (A); intraretinal fluid and disruption of retinal layers were 

detected on SD-OCT (B-1).  At 12 months, resolution of intraretinal fluid and atrophy of retinal 

layers was detected on SD-OCT.   
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The relative risk of eyes experiencing a visual acuity gain of ≥10 and ≥15 

ETDRS letters in CRVO and BRVO at 12 months following anti-VEGF therapy, 

adjusted for other covariates, has been presented in Table 24. Among BRVO patients 

for whom classification as ischaemic or non-ischaemic was possible, iBRVO was 

associated with two to three-fold increases in probability of improved visual acuity 

(p=0.005 and p=0.016, for gains of ≥10 and 15≥ ETDRS letters, respectively) in 

comparison to non-iBRVO. This association was not found among patients with 

CRVO. 

Worse baseline vision was associated with greater probability of gains of >10 

ETDRS letters at 12 months following treatment for both CRVO and BRVO. The 

greater the number of anti-VEGF injections, the higher the proportion of eyes 

experiencing >10 letter gain in CRVO (P-value=0.005). In BRVO, the opposite 

occurred with eyes receiving a greater number of injections being less likely to gain 

>10 letters of vision (p-value=0.005).   

Visual acuity changes from baseline to 12 months following anti-VEGF 

therapy in eyes with CRVO and BRVO adjusted for multiple covariates has been 

presented in Table 25. No significant difference was found between ischaemic and 

non-ischaemic eyes in terms of mean change in visual acuity from baseline to month 

12 for either CRVO or BRVO (p=0.749 and 0.310, respectively).  Presence of POAG 

was associated with less improvement in visual acuity from baseline to 12 months in 

eyes with CRVO (p=0.005).   Meanwhile baseline CST was associated with changes 

in visual acuity in eyes with BRVO. Eyes with greater CST at baseline showed 

greater improvement in visual acuity at 12 months (p=0.007). 
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Relative risks of resolution of macular oedema in eyes with CRVO and BRVO 

at 12 months following anti-VEGF therapy adjusted for multiple covariates are 

presented in Table 26. Ischemia was not associated with the resolution of macular 

oedema at 12 months following anti-VEGF therapy in either CRVO or BRVO eyes 

(p=0.735 and 0.958, respectively).  Absence of POAG was associated with halving of 

the risk of resolution of macular oedema in eyes with CRVO (p=0.010).  A greater 

number of anti-VEGF injections was negatively associated with the resolution of 

macular oedema in those with BRVO (p=0.030). 

Changes in CST in eyes with CRVO and BRVO at 12 months following anti-

VEGF therapy adjusted for multiple covariates are presented in Table 27.  No 

association was found between ischemia and changes in CST in either CRVO or 

BRVO eyes (p=0.941 and 0.113, respectively).  On the other hand, absence of 

neovascularisation was associated with a reduction in CST at 12 months following 

anti-VEGF therapy in eyes with BRVO (p=0.046).  

The status of the perifoveal capillary network (as determined using fluorescein 

angiography and as classified in the Methods section, above) was not associated with 

any of the functional or anatomical outcomes investigated, either for eyes with CRVO 

or for those with BRVO (Tables 24-27). 

Due to the very small number of eyes that developed neovascularisation 

during follow-up (4 CRVO=7% and 2 BRVO=3%), factors that predicting 

development of neovascularisation was not presented as analysis results was unstable.
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Table 24 Relative risk of visual acuity gain of ≥15 and ≥10 ETDRS letters in eyes with CRVO (n=58) and BRVO (n=59) at 12 months following anti-VEGF therapy 

adjusting for multiple covariates (logistic binomial regression analysis) 

 

 

 CRVO BRVO 

 Gain of ≥15 ETDRS letters Gain of ≥10 ETDRS letters Gain of ≥15 ETDRS letters Gain of ≥10 ETDRS letters 

Covariates Relative 

Risk 

95% CI p- 

value 

Relative 

Risk 

95% CI p- 

value 

Relative 

Risk 

95% CI p- 

value 

Relative 

Risk 

95% CI p- 

value 

Ischaemic status 

 

0.53 (0.12, 2.45) 0.420 0.91 (0.39, 2.13) 0.835 3.57 (1.27, 10.03) 0.016 2.42 (1.31, 4.47) 0.005 

Baseline CST 

 

1.12 (0.62, 2.00) 0.714 1.17 (0.82, 1.67) 0.376 1.04 (0.76, 1.44) 0.792 1.00 (0.86, 1.15) 0.949 

Absent POAG 

 

0.93 (0.29, 2.96) 0.907 0.81 (0.41, 1.60) 0.549 0.67 (0.12, 3.89) 0.657 0.50 (0.23, 1.11) 0.089 

Absent DM 

 

1.47 (0.44, 4.89) 0.532 2.35 (0.83, 6.65) 0.108 4.28 (0.63, 29.05) 0.136 2.95 (1.10, 7.92) 0.032 

Preserved perifoveal capillary 

network 

1.39 (0.63, 3.05) 0.411 1.52 (0.78, 2.97) 0.223 0.52 (0.19, 1.45) 0.211 0.79 (0.54, 1.16) 0.236 

Unclassifiable perifoveal 

capillary network 

1.52 (0.55, 4.16) 0.416 1.43 (0.71, 2.88) 0.323 2.13 (0.51, 8.90) 0.299 1.32 (0.58, 2.98) 0.512 

Number of anti-VEGF injections 

 

1.45 (1.14, 1.84) 0.003 1.19 (1.05, 1.35) 0.005 0.83 (0.73, 0.96) 0.010 0.92 (0.87, 0.98) 0.005 

Absent neovascular 

complications at presentation 

1.12 (0.09, 13.82) 0.930 0.86 (0.21, 3.48) 0.834 2.51 (0.16, 39.91) 0.514 1.51 (0.34, 6.68) 0.588 

Absent Hypertension 

 

1.00 (0.82, 1.21) 0.970 1.40 (0.81, 2.44) 0.229 0.24 (0.08, 0.73) 0.012 0.49 (0.28, 0.85) 0.012 

Absent dyslipidaemia 

 

1.20 (0.51, 2.84) 0.682 0.78 (0.43, 1.44) 0.433 2.14 (0.88, 5.19) 0.093 1.77 (1.02, 3.06) 0.041 

Baseline BCVA 

 

0.97 (0.94, 1.00) 0.086 0.98 (0.96, 1.00) 0.047 0.97 (0.94, 0.99) 0.020 0.97 (0.96, 0.99) <0.001 

 

CRVO: central retinal vein occlusion; BRVO: branch retinal vein occlusion; VEGF: vascular endothelial growth factor; n: number of eyes; BCVA: best-corrected visual acuity; ETDRS: early treatment 

diabetic retinopathy study; CST: central subfield thickness; DM: diabetes mellitus; POAG: primary open angle glaucoma 

 

             



Chapter IV: Baseline characteristics and outcomes of retinal vein occlusion (RVO) following treatment: Ischaemic versus non-ischaemic RVO 

326 

 

 

Table 25 Relative risk of visual acuity change in eyes with CRVO (n=58) and BRVO (n=59)at 12 months following anti-VEGF therapy adjusting for multiple 

covariates (multivariate linear regression analysis) 

 CRVO BRVO 

Covariates 

 

estimate Standard error statistic p-value estimate Standard error statistic p-value 

(Intercept) 

 

-24.81 13.68 -1.814 0.076 -5.83 11.33 -0.515 0.609 

Ischaemic status 

 

2.03 6.31 0.322 0.749 3.71 3.61 1.027 0.310 

Baseline CST 

 

1.53 2.45 0.625 0.535 4.63 1.63 2.847 0.007 

Absent POAG 

 

16.29 5.51 2.959 0.005 0.61 3.82 0.160 0.873 

Absent DM 

 

8.68 5.64 1.538 0.131 2.01 5.18 0.388 0.700 

Preserved perifoveal capillary network 

 

-1.98 5.27 -0.376 0.709 -0.35 3.39 -0.104 0.917 

Unclassifiable perifoveal capillary network 

 

-0.38 7.55 -0.050 0.961 16.75 6.70 2.500 0.016 

Number of anti-VEGF injections 

 

1.02 1.05 0.970 0.337 -0.33 0.60 -0.550 0.585 

Absent neovascular complications at presentation 

 

2.21 9.74 0.227 0.821 12.95 11.99 1.080 0.286 

Absent Hypertension 

 

2.63 4.76 0.551 0.584 -3.85 3.13 -1.231 0.225 

Absent dyslipidaemia 

 

1.46 5.01 0.292 0.772 5.27 2.90 1.816 0.076 

 

CRVO: central retinal vein occlusion; BRVO: branch retinal vein occlusion; VEGF: vascular endothelial growth factor; n: number of eyes; BCVA: best-corrected visual acuity; ETDRS: early treatment diabetic 

retinopathy study; CST: central subfield thickness; DM: diabetes mellitus; POAG: primary open angle glaucoma 
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Table 26 Relative risk of resolution of macular oedema in eyes with CRVO (n=58) and BRVO (n=59)at 12 months following anti-VEGF therapy adjusting for 

multiple covariates (logistic binomial regression analysis) 

 CRVO BRVO 

Covariates Relative Risk 95% CI p-value Relative Risk 95% CI p-value 

Ischemic status 0.86 (0.36, 2.06) 0.735 1.01 (0.82, 1.23) 0.958 

Baseline CST 0.90 (0.62, 1.29) 0.554 0.90 (0.76, 1.07) 0.239 

Absent POAG 0.49 (0.28, 0.84) 0.010 1.26 (0.68, 2.31) 0.466 

Absent DM 2.03 (0.80, 5.15) 0.136 3.26 (0.62, 17.25) 0.165 

Preserved perifoveal capillary network 1.09 (0.64, 1.88) 0.746 0.90 (0.64, 1.28) 0.571 

Unclassifiable perifoveal capillary network 2.29 (0.86, 6.09) 0.097 0.75 (0.12, 4.77) 0.763 

Number of anti-VEGF injections 1.01 (0.89, 1.15) 0.831 0.89 (0.80, 0.99) 0.030 

Absent Hypertension 1.02 (0.51, 2.02) 0.958 1.49 (1.00, 2.22) 0.050 

Absent dyslipidemia 0.66 (0.33, 1.33) 0.246 1.38 (0.82, 2.31) 0.221 

 

CRVO: central retinal vein occlusion; BRVO: branch retinal vein occlusion; VEGF: vascular endothelial growth factor; n: number of eyes; BCVA: best-corrected visual acuity; ETDRS: early treatment 

diabetic retinopathy study; CST: central subfield thickness; DM: diabetes mellitus; POAG: primary open angle glaucoma 
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Table 27 CST change in eyes with CRVO (n=58) and BRVO (n=59) at 12 months following anti-VEGF therapy adjusting for multiple covariates (multivariate 

linear regression analysis) 

 CRVO BRVO 

Covariates 

 

estimate Standard error statistic p-value estimate Standard error statistic p-value 

(Intercept) 

 

77.11 202.40 0.381 0.705 216.88 188.48 1.151 0.255 

Ischaemic status 

 

-6.97 93.92 -0.074 0.941 -103.71 64.20 -1.615 0.113 

Absent POAG 

 

-75.71 85.02 -0.890 0.378 10.25 68.75 0.149 0.882 

Absent DM 

 

-157.78 83.70 -1.885 0.065 4.63 92.96 0.050 0.960 

Preserved perifoveal capillary network 

 

16.39 80.45 0.204 0.839 43.70 60.37 0.724 0.472 

Unclassifiable perifoveal capillary network 

 

-74.15 117.31 -0.632 0.530 -137.14 119.96 -1.143 0.258 

Number of anti-VEGF injections 

 

-1.75 14.78 -0.118 0.906 7.90 10.87 0.727 0.471 

Absent NV complications at presentation 

 

-145.07 150.53 -0.964 0.340 -415.26 203.00 -2.046 0.046 

Absent Hypertension 

 

-13.22 72.86 -0.181 0.857 76.64 56.42 1.358 0.181 

Absent dyslipidaemia 

 

19.36 74.67 0.259 0.797 -34.76 51.37 -0.677 0.502 

 

CRVO: central retinal vein occlusion; BRVO: branch retinal vein occlusion; VEGF: vascular endothelial growth factor; n: number of eyes; BCVA: best-corrected visual acuity; ETDRS: early treatment diabetic 

retinopathy study; CST: central subfield thickness; DM: diabetes mellitus; POAG: primary open angle glaucoma; NV: neovascular complications. 
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4.3.3 Outcomes of neovascularisations 

Of the 344 eyes with new incidence of RVO, only 32 (9.3%) eyes with follow-up of 

≥12 months had neovascularisation at presentation (CRVO=18 and BRVO=14, with 4 

HRVO). A summary of the baseline characteristics and functional/ anatomical 

outcomes at 12 months follow-up among eyes who had neovascular complications at 

presentation is presented for each type of RVO in Table 28 and Table 29. 

Amongst eyes that presented with neovascular complications, anterior 

segment neovascularisation (i.e. iris and angle neovascularisation) was found to be 

more common (56%) than posterior segment neovascularisation (i.e. disc and 

elsewhere in the retina) (44%) in those with CRVO. The opposite was observed in 

BRVO, in which posterior segment neovascularisation was 93%, while anterior 

segment neovascularisation was 7%. Neovascular glaucoma was found in 22% of 

eyes with CRVO at time of presentation. No neovascular glaucoma was found in 

BRVO at time of presentation. Vitreous haemorrhage was found in 44% and 50% in 

those with CRVO and BRVO, respectively, at the time of presentation.  

In eyes with CRVO, 12 eyes (67%) required only one pan-retinal 

photocoagulation treatment during 12 months follow-up, while two eyes (11%) 

required two, two (11%) required three, and two (11%) required four pan-retinal 

photocoagulation treatments during 12 months follow-up for neovascularisation to 

regress. In eyes with BRVO, eight eyes (57%) required only one pan-retinal 

photocoagulation, four (29%) required two and two (14%) required threes pan-retinal 

photocoagulation treatments during 12 months of follow-up for neovascularisation to 

regress.  
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In eyes which presented with neovascularisation, mean (±SD) baseline visual 

acuity was worse in eyes with CRVO (23±24 ETDRS letters) than in BRVO (38±29 

ETDRS letters). Mean (±SD) change of visual acuity was greater in eyes with BRVO 

(9±23 ETDRS letters) than those with CRVO (2±13 ETDRS letters) at 12 months 

follow-up. Gaining of ≥10 ETDRS letters was nearly similar in CRVO (22%) and 

BRVO (21%), while gaining of ≥15 ETDRS letters was found to be more common in 

eyes with BRVO (21%) than in those with CRVO (11%) at 12 months follow-up. At 

12 months visit, the visual acuity of ≥70 ETDRS letters (6/12 Snellen equivalent) was 

more common in BRVO (29%) than in CRVO (11%).  

Resolution of macular oedema at 12 months follow-up was observed in 36% 

of eyes with CRVO, while it was found in only 18% of eyes with BRVO.  Change of 

CST from baseline to 12 months follow-up was greater in eyes with CRVO -117±201 

µm in comparison to BRVO - 6±62 µm.  None of the CRVO or BRVO eyes 

developed neovascular glaucoma during the follow-up of 12 months. Vitreous 

haemorrhage developed in four eyes (29%) with BRVO, but in none with CRVO.  

Tractional retinal detachment developed in three eyes (17%) with CRVO and in two 

eyes (14%) with BRVO. 
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Table 28 Baseline characteristics of RVO eyes presented with neovascularisation (n=32)  

Characteristics CRVO (n=18) 

 

BRVO (n=14) 

Age [years] 

Mean ±SD 

79±9 66±11 

Gender 

Male (n)% 

7 (39%) 9 (64%) 

Eye involved 

Right (n)% 

8 (44%) 5 (36%) 

Systemic Disease (n)%   

Hypertension 10 (56%) 9 (64%) 

Diabetes mellitus 9 (50%) 6 (43%) 

Dyslipidaemia 11 (61%) 4 (29%) 

Ischaemic heart disease 2 (11%) 0  

Stroke 0  0  

Ophthalmic Disease (n) %   

Glaucoma (POAG) 5 (28%) 0 (14%) 

History of RVO (different vessel) 1 (5%) 3 (21%) 

Type of vessel involved n (%)   

Major N/A 14 (100%) 

Macular N/A 0  

Major & Macular N/A 0  

Perifoveal capillary network at presentation (n) % 

Preserved 

Broken 

Unclassifiable 

 

0 

3 (17%) 

15 (83%) 

 

2 (14%) 

1 (7%) 

11 (79%) 

BCVA at presentation  

ETDRS letters  

(Mean± SD) 

 

23±24 

 

38±29 

BCVA [ETDRS letters  

(Snellen equivalent)] n (%) 

≥70 (≥6/12) 

69-36 (6/15-6/48) 

≤35 (≤6/60) 

 

 

1 (5%) 

5 (28%) 

12 (67%) 

 

 

3 (21%) 

3 (21%) 

8 (57%) 

CST [µm] 

Mean ±SD 

572±208 359±157 

Neovascularisation (n) 
  

Iris 9 (50%) 1 (7%) 

Angle 1 (5%) 0 

Disc 6 (33%) 5 (36%) 

Elsewhere 2 (11%) 8 (57%0 

NVG at presentation 4 (22%) 0 

VH at presentation 8 (44%) 7 (50%) 

Number of PRP treatments 

Mean± SD in 12 months follow-up  

 

 

1.28±1.4 

 

1.75±0.76 

Frequency of PRP in 12 months follow-up 

PRP=1 

PRP=2 

PRP=3 

PRP=4 

 

 

12 (67%) 

2 (11%) 

2 (11%) 

2 (11%) 

 

8 (57%) 

4 (29%) 

2 (14%) 

0 

Macular oedema at presentation n (%) 11 (61%) 11 (79%) 

Number of eyes received treatments for macular oedema n 

(%) 

Anti-VEGF only 

Anti-VEGF and macular laser photocoagulation 

No treatment 

 

 

 

11 

0 

7 

 

 

4 

2 

8 

Number of anti-VEGF applications  

Mean± SD in 12 months follow-up 

3±5 1±1 

 

N/A= not applicable; RVO= Retinal vein occlusion; n= number of cases; CRVO= Central retinal vein occlusion; 

BRVO= Branch retinal vein occlusion; HRVO= hemi-retinal vein occlusion; BCVA= best corrected visual acuity; 

ETDRS; early treatment diabetic retinopathy study; CST= central sub-field thickness NV: neovascular complications; 
NVI iris neovascularisation; NVA= angle neovascularisation; NVD= disch neovascularisation; NVE= neovascularisation 

elsewhere in the retina; VH= vitreous haemorrhage; NVG= neovascular glaucoma 
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Table 29  Characteristics and outcomes at 12 months follow-up of eyes presented with 

neovascularisation (n=32) (descriptive table) 

Outcomes CRVO 

n=18 

 

BRVO 

n= 14 

Functional  

 

  

Gain of ≥10 ETDRS letters 

n (%) 

 

 

4 (22%) 

 

3 (21%) 

Gain of ≥15 ETDRS letters 

n (%) 

 

 

2 (11%) 

 

3 (21%) 

Change of BCVA 

Mean± SD (ETDRS letters)  

 

 

2±13 

 

9±21 

Final BCVA≥70 ETDRS letters (6/12 Snellen) n (%) 

 

 

2 (11%) 

 

4 (29%) 

Anatomical  

 

  

Resolution of macular oedema 

n (%)  

 

4/11 (36%) 2/11 (18%) 

Change of CST  

Mean± SD (µm)  

 

-117±201 -6±61 

Development of NV complications during follow-up of 12 

months n (%) 

Neovascular glaucoma 

Vitreous haemorrhage 

Tractional retinal detachment 

 

 

 

0 

0 

3 (17%) 

 

 

0 

4 (29%) 

2 (14%) 

 

RVO= Retinal vein occlusion; n= number of cases; CRVO= Central retinal vein occlusion; BRVO= Branch retinal vein 

occlusion; BCVA= best corrected visual acuity; ETDRS; early treatment diabetic retinopathy study; CST= central sub-field 

thickness NV: neovascular complications 

 

 

4.4   Discussion 

In this study, iCRVO (classified by the presence of ≥10 DA of retinal capillary non-

perfusion) was not found to be associated with a detrimental impact on functional 

outcomes compared to non-iCRVO, namely gain of ≥10 or ≥15 ETDRS letters of 

visual acuity at 12 months or mean visual acuity change from baseline to 12 months, 

following anti-VEGF therapy after adjustment for other variables, including baseline 

best corrected visual acuity.  A greater proportion of eyes classified as having iBRVO 

(based on presence of ≥ 5 DA of retinal capillary non-perfusion) was found to have a 

visual gain of ≥10 and ≥15 ETDRS letters at 12 months, when compared with those 

with non-iBRVO after adjustment for other relevant variables.  The classification of 

iRVO was not observed to be associated with mean visual acuity change from 
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baseline to 12 months or with anatomical outcomes, including resolution of macular 

oedema at 12 months and mean change in CST following anti-VEGF therapy. These 

findings, based on the evidence obtained from standard clinical practice, assume 

significance as they indicate that treatment of iRVO with anti-VEGFs is no less 

effective than treatment of non-iRVO, when the CVOS and BVOS classification is 

used to discern between ischaemic and non-ischaemic cases.  

RCTs evaluating the clinical effectiveness of anti-VEGFs for the treatment of 

macular oedema secondary to RVO included few or no patients with iRVO.(15,18-25)   

Very few studies have evaluated the impact of the ischaemic classification on 

outcomes following anti-VEGF in RVO. Two small observational retrospective 

cohort studies by DeCroos et al (26)  (iCRVO=10; non-iCRVO=31) and Gokce et al 

(27) (iCRVO=17, non-iCRVO=13), using the same definition of iCRVO as used in the 

current study, did not find a statistically significant difference between iCRVO and 

non-iCRVO in mean gain of visual acuity or change in CST at 12 months following 

anti-VEGF therapy (bevacizumab).  A small RCT(22) comparing ranibizumab (three 

monthly injections) with triamcinolone acetonide evaluated outcomes in eyes with 

iCRVO (n=17) versus those achieved in eyes with non-iCRVO (n=26) in the anti-

VEGF treated arm. No statistically significant differences were found between the 

two groups in mean change in visual acuity or CST at six months (adjusted for 

baseline vision and CST). COPERNICUS,(25) an RCT that included 17 eyes with 

iCRVO and 98 eyes with non-iCRVO (using the CVOS definition) in the anti-VEGF 

(aflibercept) arm, showed a slightly lower proportion gaining  ≥15 ETDRS letters at 

12 months following treatment in eyes with iCRVO (~49%) as compared to those 

with non-iCRVO (~58%). Outcomes between groups in this study were not formally 

compared; hence, it is unclear as to whether this difference was statistically 
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significant, although it may be considered by some as being clinically relevant. A 

prospective study by Calugaru and Calugaru included 21 eyes with iCRVO and 36 

eyes with non-iCRVO (using same definition) reported that no statistically significant 

difference was found between iCRVO and non-iCRVO in gain of ≥15 ETDRS letters 

(~45% of eyes in both groups) at 36 months following anti-VEGF (Bevacizumab). 

However, a mean change of visual acuity (improvement) was significantly greater in 

those with iCRVO than in those with non-iCRVO. It is unclear though if the analysis 

considered baseline vision or not, given that worse starting visual acuity would allow 

for greater gains, as opposed to cases with better presenting visual acuity, which 

would have the so-called ‘ceiling effect’ whereby less improvement in BCVA was 

possible.  

Similarly, only a few small studies have evaluated the impact of retinal 

ischaemia on outcomes following anti-VEGFs in eyes with BRVO.  A small 

observational retrospective cohort review by Cakmak et al.(28) in which eyes were 

classified as iBRVO (n=7) or non-iBRVO (n=23) based on the BVOS definition (≥5 

DA of retinal ischemia) did not find any statistically significant difference in mean 

change in vision between iBRVO and non-iBRVO at six months following anti-

VEGF therapy (ranibizumab). Also, no statistically significant difference was found 

in changes in CST between groups.  Two RCTs, VIBRANT (29) and that reported by 

Ramezani et al(30) also found no statistically significant difference between iBRVO 

and non-iBRVO in mean change of visual acuity following anti-VEGF therapy.  It 

should be noted that VIBRANT(29) defined iBRVO by the presence/ absence of ≥10 

DA of retinal capillary non-perfusion.  None of these studies, however, evaluated the 

association between the ischaemic classification and the proportion of eyes improving 

≥10 and ≥15 letters following anti-VEGF treatment. 
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The reasons why iBRVO conferred a better functional prognosis in the present 

study, after adjustment for other variables including baseline visual acuity, than non-

iBRVO following anti-VEGFs remain unclear.  The type of occluded vessel (i.e. 

major versus macular) might have potentially played a role in the differential response 

observed as all eyes with iBRVO in the current series had the occlusion in a major 

branch, as compared to only 48% of non-iBRVO eyes, the others having occlusion of 

a macular branch.  Although occlusion of a major branch would peripherally affect a 

greater area of retina as compared to an occlusion of a macular branch, visual acuity 

measures central vision, and hence would be compromised to a greater degree by 

macular problems. A natural history study by Hayreh and Zimmerman comparing 

major BRVO (n=144) to macular BRVO (n=72) showed that eyes with major BRVO 

did not have better visual outcomes than those with macular BRVO at 15 months, 

correcting for presenting vision.(2) Although the proportion of eyes with a broken 

perifoveal capillary network was greater in eyes with non-iBRVO (69%) as compared 

to those with iBRVO (53%), this variable did not appear to have an impact on any of 

the functional variables investigated. Epi-retinal membrane (ERM) was present at the 

12 months visit only in eyes with non-iBRVO. However, as ERM occurred in only a 

very small proportion (5%) of eyes, it is unlikely to be able to explain the differences 

in response observed between iBRVO and non-iBRVO. 

In the current study, approximately a quarter of eyes with CRVO (26%) and 

BRVO (27%) gained ≥15 ETDRS letters of vision at 12 months following a mean of 

six and five anti-VEGF injections, respectively.  A very similar result was observed in 

another retrospective clinic-based cohort study (CRVO=56 and BRVO=100), in 

which a gain of ≥15 ETDRS letters at 12 months was achieved in 30% of eyes with 

CRVO and 24% of eyes with BRVO after a mean number of injections of 4 and 3, 
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respectively.(31)  In contrast, previous RCTs had reported gains of ≥15 ETDRS letters 

at 12 months in greater proportions of affected eyes (45-60% of eyes with CRVO (32-

36) and 57-65% of those with BRVO (36-39)). This may be explained by the greater 

number of injections received in eyes enrolled in these RCTs (CRVO= 8-12; 

(25,32,33,35,36) BRVO= 6-9 (36-39)), thus reflecting the real-world challenges of having a 

service that is capable of meeting the demand for ever increasing numbers of patients 

with retinal conditions, and maintain close to monthly monitoring and timely 

injections when needed.  

Several variables were investigated to assess their relative influence on 

functional and anatomical outcomes following anti-VEGF therapy.  Lower levels of 

vision at presentation were strongly associated with greater gain in vision following 

the treatment for both CRVO and BRVO.   Meanwhile the absence of POAG was 

associated with better visual outcomes and resolution of macular oedema in eyes with 

CRVO. In those with BRVO, absence of hypertension and greater CST at baseline 

were associated with better visual outcomes.  Few other studies have investigated the 

role of presenting characteristics on outcomes following anti-VEGF therapy. A 

retrospective study by Sakanishi et al.(40) and two RCTs, CRYSTAL,35 and 

BRIGHTER (41) found that worse baseline visual acuity was strongly associated with 

better visual outcome (larger mean gain of vision) at 6,(41) 12,35,(40)  and 24 (42,43) 

months following anti-VEGF therapy in both CRVO and BRVO. Moreover, 

CRYSTAL and BRIGHTER pointed out that the duration of CRVO and BRVO of 

less than three months was associated with better visual outcomes at 24 months 

following anti-VEGF therapy. (42,43) A retrospective study by Mo et al.(44) which 

included 35 eyes with CRVO and 15 with BRVO, found that the number of high 

reflective foci (HRF) in the outer retinal layer (ORL) as observed on SD-OCT at 
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baseline, was strongly associated with a poorer visual outcome at 12 months 

following anti-VEGF therapy in both CRVO and BRVO.  Similar findings were also 

reported by Hwang et al,(45) which studied 68 eyes with RVO. Some retrospective 

studies also found a strong association between older age and poorer visual outcomes 

following anti-VEGF therapy. In a retrospective study by Rayess et al. (46) of 42 

patients with CRVO, age at the time of diagnosis was associated with the visual 

response observed (gain of ≥2 lines of visual acuity), with people younger than 70 

years having better prognosis following anti-VEGF therapy on multivariate regression 

analysis. In a larger retrospective study conducted by Jaissle et al (47) including 204 

patients with BRVO, people younger than 60 years old were found to have better 

prognosis (median change of visual acuity) following anti-VEGF therapy 

(Bevacizumab) on multifactorial ANOVA analysis.  

Strengths of this study include the thorough search strategy to identify eligible 

patients (electronic database and treatment log-books) evidenced throughout the 

period of study as well as the homogeneous definition of iRVO and of the follow-up 

for all patients included. Using multivariable regression analysis is also a strength 

point. On the other hand, limitations include the retrospective study design and the 

fact that, although a large number of RVO patients was included, the number of cases 

with each form of RVO was relatively small. In addition, a higher number of patients 

in this cohort exhibited the non-ischaemic forms of CRVO and BRVO (70.89 and 

71.19%, respectively), which may have had an impact on the findings presented 

herein. 

In conclusion, having an ischaemic CRVO or BRVO, as opposed to non-

ischaemic, was not found to have a detrimental effect on visual or anatomical 
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outcomes following anti-VEGF therapy.  Findings of this study, thus, support the use 

of anti-VEGFs in ischaemic and non-ischaemic forms of RVO.
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5.1    Introduction 

Retinal ischaemia is a common feature in eyes with retinal vein occlusion (RVO).  To 

date, however, it remains unclear as to how ischaemia affects the structure and 

function of the retina in eyes of patients with RVO.  It is not fully established whether 

the demise of retinal cells occurs quickly or progressively, whether some cells are 

more susceptible to damage than others, and what are the factors that determine the 

presence and extension of ischaemia.  Limited information is also available regarding 

the structural and functional alterations occurring at sites of other lesions present in 

eyes with RVO [e.g. haemorrhages, intraretinal fluid (IRF), and subretinal fluid 

(SRF)].  It is similarly unclear as to whether the recovery of structure and function, 

when it occur, is due to the natural history of the disease or due to the treatment.   

Few studies (seven) have evaluated functional and structural changes 

occurring at sites of retinal ischaemia and other lesions secondary to RVO. (1-7) These 

studies have sought to identify the correlations between retinal sensitivity and 

presence/ absence of retinal capillary non-perfusion at corresponding areas of the 

retina; (2-7) between presence/ absence of retinal capillary non-perfusion and macular 

oedema; (2) between presence/ absence of retinal capillary non-perfusion and total 

retinal thickness (2,5) or thicknesses of the inner limiting membrane (ILM)-inner 

plexiform layer (ILP), inner nuclear layer (INL)-outer plexiform layer (OPL), and 

outer nuclear layer (ONL)-retinal pigment epithelium (RPE) at corresponding retinal 

areas; (2) between retinal sensitivity and integrity of the inner segment/ outer segment 

(IS/OS) layer; (3,6,7) as well as between retinal sensitivity and total retinal thickness at 

corresponding areas of the retina. (1) Three of these studies (3,4,7) focused on the foveal 

and parafoveal region, which has different anatomy and vasculature compared to the 

rest of the retina. The fovea is nourished by the choroid through the RPE; this implies 
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that the effect of ischaemia at the foveal area, which is metabolically a very 

demanding area, may not be the same for the same degree of capillary loss than that at 

a different retinal location. Only two studies (2,6) looked at retinal capillary non-

perfusion, excluding the fovea and parafoveal regions. In addition, the majority (5 of 

7 studies) of the previously conducted studies evaluated patients with RVO only after 

receiving treatment, rather than treatment-naïve eyes, while the remaining two 

studies, (1,5) undertaken in treatment-naïve RVO patients, did not exclude fovea and 

parafoveal regions.  As a result, knowledge on the effect of retinal ischaemia and of 

other structural lesions present in treatment-naïve eyes, with RVO on retinal function 

outside the foveal and parafoveal regions, is lacking.   

Hence, the purpose of the work presented in this chapter was to evaluate point 

to point association of retinal function (retinal sensitivity) with structural lesions at 

sites of retinal ischaemia and of other retinal lesions secondary RVO [retinal 

haemorrhage, IRF, SRF], as well as with integrity of external limiting membrane 

(ELM) and IS/OS layers, total retinal thickness, and thickness of the ganglion cell 

layer (GCL)-inner plexiform layer (IPL) of inner retina, in treatment-naïve eyes with 

RVO, as compared to fellow eyes, and to determine their reversibility following 

treatment.   

 

5.2    Patients and Methods 

5.2.1   Study design 

This was a pilot, cross-sectional, prospective, observational clinical study.   
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5.2.2   Identification of participants  

Potential participants were identified through hospital referrals and/or when being 

evaluated in ophthalmic clinics at the Belfast Health and Social Care Trust (BHSCT), 

Belfast, Northern Ireland, between 1st August 2018 and 30th September 2019.  They 

were provided verbal and written information about the study. Once potential 

participants had decided that they wanted to take part in the study and had time to ask 

questions and for these to be answered, the informed consent was signed and patients 

were enrolled in the study.   

5.2.3   Ethical and Governance approvals 

Ethical and Trust approvals were obtained prior to the study’s initiation (Reference 

No: 17159NL-AS/ 18/YH/0090).  This study was conducted in accordance with the 

principles that have their origin in the Declaration of Helsinki.   

5.2.4   Eligibility criteria 

Participants were considered to be eligible to participate in this study if they met the 

following inclusion criteria:  adults (aged >18 years) with newly diagnosed, 

treatment-naïve, unilateral RVO [either central (CRVO), branch (BRVO) or 

hemiretinal (HRVO)], and able to understand/read English and provide informed 

consent. Patients who were unable to meet these inclusion criteria and those with 

other retinal diseases besides RVO or media opacities preventing adequate 

visualisation of the retina were excluded from the study.  

5.2.5   Outcome measures 

Point to point correlations between retinal function (sensitivity) and structural retinal 

lesions, including retinal ischaemia, retinal haemorrhages, IRF and SRF at 

corresponding retinal locations at baseline, were sought.  Furthermore, structural 
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alterations within the retina at the level of the external limiting membrane (ELM) and 

IS/OS layer, as well as total retinal thickness, and thickness of GCL-IPL, were 

investigated and correlated to function at corresponding retinal locations.  In addition, 

associations between resolution of these lesions and retinal function was investigated 

at 6 months follow-up. 

5.2.6   Clinical examination and data collection 

A baseline examination was undertaken after obtaining informed consent. Information 

on demographics, medical and ophthalmic history, and medications used were 

collected in specially designed case report forms. This information was updated, if 

required, at the six months follow-up assessment.  

All participants underwent full clinical examination by an optometrist as well 

as an ophthalmologist at baseline and at six months (±1 month) follow-up. All tests 

were carried out at baseline and at follow-up in the RVO affected eye but only once in 

fellow, contralateral eyes, which were used as controls.  The following functional and 

structural tests were undertaken: best corrected visual acuity (BCVA), slit lamp 

examination, intraocular pressure (IOP), evaluation of pupillary responses for 

presence of relative afferent pupillary defect (RAPD), retinal oximetry, wide-angle 

(WA) fundus photography, wide-angle fundus autofluorescence imaging (WA-AF), 

WA-FFA, microperimetry, SD-OCT, and OCT-A. The data obtained from these tests 

were used as appropriate in order to measure this study’s outcomes. 

BCVA was measured for each eye using the Early Treatment Diabetic 

Retinopathy Study (ETDRS) visual acuity charts.  Visual acuity charts were 

positioned at four metres from the participants’ eyes.  Chart-R was used for refraction; 

once refraction was undertaken, chart-1 and chart-2 were used for the testing of vision 
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in right and left eyes, respectively.  An un-dilated slit lamp examination was carried 

out to determine whether or not there was neovascularisation within the anterior 

segment of the eye before dilating the participants’ pupils.  Three IOP readings were 

obtained from each eye using tonometry and an average was calculated and recorded. 

The swinging flashlight test was performed to determine the presence or absence of a 

RAPD. Mydriatic/ dilating eye drops, namely, tropicamide 1% and phenylephrine 

2.5%, were given for each eye in order to allow better visualisation of the retina 

during the imaging tests. Retinal oximetry images were obtained in both affected and 

fellow eyes using Oximap T-1 (Oxymap Inc, Reykjavik, Iceland) attached to Topcon 

standard fundus camera (Topcon DX-50; Topcon Inc, Tokyo, Japan) and measuring 

haemoglobin oxygen saturation in retinal vessels using the ratio of light absorbance at 

two wave lengths, 600 nm and 570 nm. Focus and light intensity were adjusted for 

each eye as required to capture the best quality image possible. A 50° field of view 

570 nm, centred on the optic disc image was obtained from each eye. Oxygen 

saturation maps were then generated and analysed using Oxymap Analyzer software, 

Version 2.5.0.  

WA- fundus photography, WA-AF and WA-FFA images were obtained in 

both affected and fellow eyes using the Optos California, 200 Tx. (Optos 

Dunfermline, Scotland UK). For WA-FFA test, an intravenous bolus of 1.5 ml of 

fluorescein 20% dye was injected using a cannula that was inserted in the patients’ 

arm. Central view images were obtained in early, mid and later phases in RVO eyes. 

While only mid and late phases were obtained from fellow, contralateral eyes.  

After undertaking WA-FFA, an area of retinal ischaemia was identified. This 

area needed to be accessed and tested, by means of microperimetry testing and SD-

OCT, which is why it had to be located within a certain 30°x 30° from the centre of 
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the fovea (external fixation was needed if a suitable testing area was outside this range 

but still accessible by microperimetry). Once this area of ischaemia was identified, the 

retinal area to be investigated was chosen in order to have both ischaemic and 

perfused retina. Whenever possible, the study area was selected away from the fovea 

and perifoveal capillary ring so as to avoid areas with dense retinal haemorrhages, 

considering the corresponding WA- fundus photography, in the affected eye (see 

below, section 5.2.7. Data processing). All images obtained from Optos California 

were saved to Optos Advanced software before being exported into an external hard 

drive in JPEG (joint photographic expert group) image format.    

 Once WA-FFA was completed, patients were given a rest (minimum of 30 

minutes) in order to ensure retinal recovery following bleaching. The rest of the tests 

for this study were undertaken once the area for investigation was selected in RVO.   

Retinal sensitivity was tested at the selected area in each RVO affected eye 

and in the corresponding area in each unaffected, fellow eye, using microperimetry 

(MAIA macular integrity assessment, CenterVue, Padova, Italy). A custom-designed 

8°x 8° (~ 2.5 x 2.5 mm) square grid of 81 stimuli (9 x 9 points/ stims) and a distance 

of 0.89° (~270 µm) between points, was then used. A larger 10° x 10° (2.9 x 2.9 mm) 

was originally proposed; however, this was not used because of having a higher 

number of points and the fact that it would significantly increase the duration of the 

test, thus causing inconvenience for the patients.   In order to ensure that the study 

area selected based on WA-FFA findings was fully tested with microperimetry, the 

WA-FFA image was copied in an Apple iPad 4.0 and visualised side by side to the 

infrared image, as evidenced in the MAIA.  By comparing the two views from the two 

technologies in parallel at the same time, using the optic disc and selected retinal 

vessels as land marks, the MAIA grid was subsequently placed and testing started. 



Chapter V: Anatomical (structural) and functional correlates in retinal vein occlusion (RVO)  

353 

 

Corresponding areas in fellow contralateral eyes were identified with the assistance of 

a transparent sheet to trace/ draw the selected location in relation to the optic disc, 

major retinal vessels and fovea, as displayed in the infrared retinal image of the 

affected eye on the MAIA screen and mirror this drawing (flip) on the displayed 

retinal image of the fellow eye in order to identify the corresponding location.  A 

training test of approximately 10 minutes was first performed to familiarise the 

participant with the procedure. Then, testing of the study areas in study as well as 

fellow eyes was undertaken. For this purpose, a 4-2 threshold strategy and a standard 

Goldmann III stimulus size was used with a duration of the stimulus of 200 

milliseconds. Background luminance was 4 asb and maximum luminance was 1000 

asb. The stimulus dynamic range was 0-36 dB. Depending on the location of the area 

of interest, participants were asked to fixate on either a central target or at one of four 

targets on a ring around the centre marked at 2, 4, 8 or 10 o’clock positions. At the 6-

month follow-up visit, automatic detection of the same area of testing, as performed 

by the MAIA, was used, in order to ensure capturing the exact location.  Data 

obtained was saved in the MAIA 0212 software, version 2.1.0 before being exported 

to an external hard drive in raw portable network graphics (PNG) and text file formats 

as well as portable document format (PDF) summary report.  

SD-OCT and OCT-A images were obtained using a confocal scanning laser 

(Spectralis OCT, Heidelberg Engineering, Heidelberg, Germany). Positioning of the 

camera was adjusted and the location of the retina’s area to be evaluated was selected 

in order to fully cover the study area tested with microperimetry, using optic disc and 

retinal vessels as landmarks as accurately as possible.  As before, this was done to 

compare the retinal sensitivity map from the MAIA side by side to the infrared retinal 

image, as observed in the Heidelberg OCT.  Carmize lubricating eye drops 
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(Carmellose sodium 1%) were given to lubricate the eye, whenever needed, in order 

to obtain the best possible images. Depending on the location of the area of interest, 

participants were asked to fixate on either an internal or external target. A detailed 

high-resolution volume OCT test of 97 B-scans was obtained in an area of 10° x 15° 

(4.3 x 2.9 mm) of the retina with a distance of 30 µm between scans in SD-OCT. This 

customised densely packed OCT scan pattern was selected in order to ensure that 

structural data obtained could be mapped exactly to retinal sensitivity points during 

data analysis.  Whenever there was inadequate cooperation and if no adequate images 

were obtained after three attempts, an alternative approach with a minimum 25 B-

scans was obtained in an area between 10° x 15° and 25° x 30 °of the retina with a 

distance of 121 µm between scans in SD-OCT. For OCT-A, a high-resolution volume 

test with 512 B-scans in an area of 10° x 10° (2.9 x 2.9 mm) of the retina with 

distance of 6 µm between B-scans was obtained at the area of interest.   As was the 

case for the microperimetry testing, the automatic detection of the same area of testing 

allowed by the Heidelberg machine was used at the 6-month follow-up visit to ensure 

testing of the exact same location as in baseline visit. The entire data obtained from 

the Heidelberg OCT was saved in Heidelberg Spectralis OCT software, Version 4.0 

before being exported to an external hard drive in E2E, audio video interleave (AVI) 

video, and bitmap (BMP) image file formats.  

5.2.7   Data processing 

Each participant was assigned a unique research identification code.  All data and 

images obtained from participants were anonymised and saved in a password- 

protected/encrypted external hard drive and a QUB (Queen’s University Belfast) 

computer. Only patients who had areas of ischaemia within the measurable central 
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field of view, which allowed testing with MAIA microperimetry, were included in the 

analysis.  

 

5.2.6.1    Demographics and patients’ characteristics 

Demographic data and patients’ characteristics were collected to describe the 

population included in the study. These included age, gender, presence/ absence of 

diabetes mellitus, presence/ absence of hypertension and presence/ absence of 

dyslipidaemia, affected eye (right or left), duration of symptoms, type of RVO 

(CRVO, BRVO or HRVO), BCVA, IOP, presence/ absence of RAPD, macular 

oedema, neovascularisation or neovascular complications [neovascular glaucoma 

(NVG), vitreous haemorrhage (VH), or tractional retinal detachment (TRD)] at 

baseline and six (6±1) months follow-up.  In addition, treatments received during the 

follow-up including intravitreal injections of anti-vascular endothelial growth factor 

(VEGF) therapies, intravitreal steroid injections, macular laser treatment, pan-retinal 

or sectorial laser photocoagulation (if any) at six (6±1) months follow-up visit were 

recorded.  

In addition, Ischaemic index was calculated from WA-FFA images by a 

masked grader. Best early arteriovenous phase frame from central field of view 

images were selected, after enhancing the light, contrast, and sharpness of the images 

for this purpose. Total area of visible retina, areas of ischaemia (i.e. hypofluorescence 

due to capillary dropout, which were determined considering the surrounding retina 

and other retinal abnormalities found on corresponding WA- fundus photography and 

WA-AF images), ungradable retina (e.g. due to shadows from eyelashes, obscuration 

of the peripheral retina) and deep retinal haemorrhages (when observed while 
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comparing WA-FFA with corresponding WA- fundus photography), were outlined 

manually and measured in mm2 using a built-in area measuring tool.  Ischaemic index 

for each affected eye was calculated by dividing the sum of areas with ischaemia by 

total area of gradable retina [total visible retina (minus) – ungradable retina), before 

multiplying the result by x 100.  

𝐼𝑠𝑐ℎ𝑎𝑒𝑚𝑖𝑐 𝑖𝑛𝑑𝑒𝑥 =  
𝑎𝑟𝑒𝑎 𝑜𝑓 𝑟𝑒𝑡𝑖𝑛𝑎𝑙 𝑖𝑠𝑐ℎ𝑎𝑒𝑚𝑖𝑎

𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑔𝑟𝑎𝑑𝑎𝑏𝑙𝑒 𝑟𝑒𝑡𝑖𝑛𝑎𝑙 
 × 100 

Moreover, oxygen saturation maps obtained from the retina were analysed 

using the Oxymap analyser software (Oxymap Analyzer, Version 2.5.0, oxymap. ehf) 

of Oxymap-T1 following a previously reported and recommended protocol. (8) 

However, images with quality of < 4 were excluded from the analysis. Arterial and 

venous vascular segments of the major branches of central retinal vessels (superior, 

inferior, superio-temporal, inferio-temporal, superio-nasal, and inferio-nasal) were 

selected within an area between two circles with one completely enclosing the other 

centred at the optic disc, with the first circle is 1.5 times the size of the optic disc, 

while the second is three times the size of the optic disc, using the specially designed 

tool in the software for this specific purpose (Figure 36). Areas of retinal 

haemorrhages and bifurcations were marked and excluded from the selections using 

the exclusion tool since it could impact the accuracy of reading the vascular oxygen 

saturation. Tables for the measurement details and oxygen saturations of selected 

vascular segments were generated. Segments with < 50 pixels in length and/ or < 8 

pixels in diameter were excluded. Tables were then exported to Microsoft Office 365 

Excel to calculate the average of venous oxygen saturation and arterial oxygen 

saturation from included segments of each tested eye. The data from Oxymap was 

compared between affected eye at baseline, fellow eye, and affected eye at follow-up.  
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Figure 36: Measuring oxygen saturation from oximap 

Oxygen saturation map with an eye with inferior hemiretinal vein occlusion (HRVO).  Oxygen 

saturation of vascular segments between the two circles were documented. Areas of vascular 

bifurcation or crossings were excluded 

 

5.2.6.2    Correlations of retinal sensitivity with retinal ischaemia and other lesions 

of RVO  

Retinal sensitivity maps obtained from the MAIA microperimetry (functional 

parameters) and images of WA-FFA (for retinal ischaemia), WA- fundus photography 

(for retinal haemorrhages) and WA-AF images from Optos (to support findings on 

WA-fundus photography), and SD-OCT scans (for IRF and SRF, to determine the 

integrity of the ELM and IS/OS layers, as well as for the total retinal thickness and the 

thickness of the GCL-IPL) from Heidelberg OCT Spectralis (structural parameters) 

were processed and superimposed to allow point to point comparisons of the different 

parameters investigated in all participants.  OCT-A images were used to support 

findings on WA-FFA and confirm areas of retinal capillary non-perfusion. This was 

done for the three sets of data obtained (RVO eyes at baseline and six-month follow-
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up and fellow eyes). Electronic folders were created for each patient and labelled with 

the designated patient’s identification (anonymous) code (i.e. IRVO-01, IRVO-2 

…etc.).   

Each of the retinal sensitivity points was given a unique label to help identify 

its location in the MAIA grid. Each grid had nine rows and nine columns. For the 

RVO eye at baseline and six months follow-up, each row was assigned a letter from 

‘A’ to ‘I’ and each column was assigned a number from ‘1’ to ‘9’ from left to right 

(e.g. point ‘B3’ is the point at the second row and third column from left to right). For 

the fellow eye, the numbering of the columns was reversed to be ‘9’ to ‘1’ from left to 

right, which means that point ‘B3’ in the RVO affected eye will corresponds to point 

‘B3’ in the fellow control eye (Figure 37). Each of the 81 points (9 rows) from A1 to 

I9 in each tested eye was investigated for presence/ absence of ischaemia on 

processed WA-FFA and/ or OCT-A images, presence/ absence of retinal haemorrhage 

on processed WA- fundus photograph images and presence/ absence (intact/ lost) or 

ungradable IS/OS layer and ELM layer on SD-OCT. ELM and IS/OS layers were 

graded as present/ intact if they could be clearly seen and followed in SD-OCT scans, 

absent/ lost if they could not be seen or followed in SD-OCT scans despite reasonable 

image quality, and ungradable when grading was not possible, due to structural 

alterations present or due to inadequate quality of the image (e.g. presence of 

shadowing related to large amount of retinal fluid or artefacts). In addition, two 

selected rows from each grid in RVO eyes (18 points), in which one row crossed the 

area of ischaemia while the other crossed the non-ischaemic, perfused area were 

investigated for total retinal thickness and thickness of GCL-IPL in µm on SD-OCT.  
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Figure 37 Labelling the locations of the retinal sensitivity points 

 

Correlations at corresponding retinal locations between retinal sensitivity (dB) 

and structural retinal lesions from RVO were then sought superimposing retinal 

sensitivity values at the different 81 locations with findings from each of the imaging 

technology studies.  

Superimposition of the sensitivity maps and images from the other 

technologies was initially planned to be done automatically.  This, however, could not 

be achieved using IMARIS (3D/ 4D microscopy image analysis software, version 9.3) 

or Fiji-ImageJ (Java image processing program software, version 1.45). Failure was 

attributed to the different parameters and format of the images produced by each 

different technology used in the study. For example, pixel size of the images produced 

by Optos technology could not be determined. The customer support explained that 

the pixel size in these types of wide-angle images varies widely from one region to 

another in the same image, depending on its location and considering the anatomical 

shape of the whole retina, which meant that pixel size could not be provided. 
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Moreover, the full set of images and data from Heidelberg exported in E2E file format 

and AVI video file format could not be identified or opened using the above-

mentioned softwares. The resolution of these issues was challenging and time 

consuming, which is why manual processing of the images was executed instead 

using Microsoft Office 365 PowerPoint.  

5.2.6.3    Superimposing retinal sensitivity maps and wide-angle images 

Images obtained using the Optos technology, including WA- FFA, WA fundus 

photograph and WA-AF, required several steps of preparation before the 

superimposition with MAIA sensitivity points was possible (Figures 38-40). These 

steps included enhancing the images, selection of the area corresponding to MAIA 

reference map (full 1024 x 1024 pixels infra-red image + position of grid), cropping 

of the selected area, resizing of the image to match the MAIA reference map, locating 

the position of the grid in each of these three types of Optos images (one at a time), as 

well as second cropping for the area corresponding to the grid of sensitivity points, as 

explained below.  

The reference map and retinal sensitivity map were exported from the PDF 

report file to a PowerPoint new file.  The best central field of view (the one with 

highest quality) from the Optos images was selected and then imported to the same 

PowerPoint slide to allow working and comparing the images. Brightness, contrast 

and sharpness were adjusted, as appropriate, to enhance the images. Ruler and grid 

features in PowerPoint were turned on to help with measurements and localisation of 

areas of interest.  The optic disc and retinal vessels at the edge of the MAIA reference 

map were first marked as landmarks (a minimum of four landmarks was determined 

in order to increase the level of accuracy). These landmarks were then identified on 
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the Optos images and the area matching the MAIA reference map was cropped using 

the cropping tool (Figures 38-40). 
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Reference retinal sensitivity map 

Retinal sensitivity map 

Wide-angle fundus fluorescein angiography 

Figure 38 Reference retinal sensitivity map, sensitivity map and wide-angle fundus fluorescein angiography of the corresponding RVO eye 
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Figure 39 Localisation of the reference sensitivity map on wide angle fundus fluorescein angiography (WA-FFA) 

Localisation of the reference sensitivity map on wide angle fundus fluorescein angiography (WA-FFA) (yellow square) using five landmarks (highlighted in green). 

Reference sensitivity map (left); WA-FFA (right) 
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Figure 40 Cropping the area of wide-angle fundus fluorescein angiography (WA-FFA) corresponding to the reference retinal sensitivity map 

Cropping the area of wide-angle fundus fluorescein angiography (WA-FFA) (right) corresponding to the reference retinal sensitivity map (left)
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The cropped image was resized to match the MAIA reference map in order to 

ensure that the scale aspect ratio was locked to avoid distorting the proportions of the 

image. However, it was observed that all images from the Optos had different 

proportions in comparison with the corresponding MAIA infrared images. The 

positions and sizes of the different anatomical elements (e.g. optic disc and vascular 

branches) and the distances between them did not exactly match. The infrared images 

from the MAIA appeared to have some degree of distortion in comparison to the 

Optos images, which made finding the exact location of the grid on Optos images 

more challenging. In addition, the diameters of blood vessels appeared to be slightly 

larger in WA-FFA in comparison to WA- fundus photography and WA-AF images.  

In order to reduce the level of errors in finding the location of the grid, only 

the closest anatomical features to the grid (at the corners, sides, or crossing the grid) 

were used as landmarks and identified in the corresponding Optos images (Figure 

41). After the area with the retinal sensitivity points was identified, a transparent 

square with red borders was inserted to mark/ border the location (Figures 41 -43). 

Three copies were made of the processed WA-FFA image and only two copies were 

made of the processed WA- fundus photography and AW-AF images (Figure 44). 

One copy was left without any further processing (for reference), while the second 

was used for the superimposition. For WA-FFA, the third copy was used to mark the 

areas with capillary non-perfusion using the free drawing tool, and the drawn areas 

were highlighted with blue colour of 50% transparency (Figure 43). The stim layer 

image file (PNG image of the sensitivity points only, without the retinal background) 

was imported to the same PowerPoint slide, resized to match the cropped area of 

Optos images, and then superimposed on top of the second copy of the processed 
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WA-FFA, WA- fundus photograph and WA-AF images, as well as in the third copy 

of processed WA-FFA. 
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Figure 41 Localisation of the retinal sensitivity points from the reference retinal sensitivity map (top left) and sensitivity map (bottom left) on cropped wide-angle 

fundus fluorescein angiography (WA-FFA). 

Localisation of the retinal sensitivity points from the reference retinal sensitivity map (top left) and sensitivity map (bottom left) on cropped WA-FFA) using landmarks 
(highlighted in blue) (A, B, C and D) close to the sensitivity grid (red square). The white square represents the location of the sensitivity map image. 
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Figure 42 Cropped wide-angle fundus fluorescein angiography (WA-FFA) corresponding to retinal sensitivity map image. 

Cropped WA-FFA) (right) corresponding to retinal sensitivity map image (left). Landmarks are highlighted in blue in both images (A, B, C and D) 
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Figure 43 Highlighting areas with retina ischaemia on processed wide-angle fundus fluorescein angiography (WA-FFA) images and superimposing retinal 

sensitivity points on processed WA-FFA images corresponding to retinal sensitivity map 

Highlighting areas with retina ischaemia (blue) on processed wide-angle fundus fluorescein angiography (WA-FFA) images and superimposing retinal sensitivity points on 
processed WA-FFA (right) images corresponding to retinal sensitivity map (left) 
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Figure 44 Superimposing the retinal sensitivity points on processed wide angle autofluorescence (AF), fundus photography, and fundus fluorescein angiography 

(WA-FFA) 

Superimposing the retinal sensitivity points on processed wide angle autofluorescence (AF) (left), fundus photography (middle), and fundus fluorescein angiography (WA-

FFA) (right)
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The presence or absence of ischaemia and haemorrhage on processed WA-

FFA and WA-AF, respectively, was assessed at each of the 81 locations of the 

sensitivity points before being transcribed. Data from WA-AF was not analysed and 

only used to facilitate interpreting the findings on WA-FFA and WA- fundus 

photography.  

5.2.6.4    Superimposing retinal sensitivity maps and OCT images 

Images and data obtained using the Heidelberg OCT underwent also several 

preparation steps, similar to those explained above for Optos images with some 

modifications, before superimposing them to the  MAIA retinal sensitivity points 

(Figures 45-48). The MAIA retinal sensitivity maps were then exported from the 

PDF report file to a new PowerPoint file. The AVI video file of SD-OCT 

corresponding to the tested eye was imported in the same slide allowing side by side 

comparison and evaluation of the SD-OCT with the MAIA retinal sensitivity maps 

(Figure 45). Superimposition needed to be done in both components of the video, the 

infrared part, as well as the SD-OCT part. The infrared image component of the 

Heidelberg video was first processed to identify the location of the areas 

corresponding to one on MAIA sensitivity reference map. Brightness, contrast, and 

sharpness were adjusted as appropriate to enhance the images. Ruler and grid features 

in PowerPoint were turned on to facilitate the measurements and localisation of areas 

of interest.   

Retinal vessels at the edges of the MAIA sensitivity map were first marked as 

landmarks (a minimum of four land mark was determined in order to increase the 

level of accuracy). These landmarks were then identified on the Heidelberg infrared 

image and the area matching the MAIA reference map was marked using a 

transparent square with red borders (Figure 46). The stim layer image file (PNG 
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image of the sensitivity points only, without the retinal background) was imported to 

the same PowerPoint slide, resized to match the marked area of Heidelberg infrared 

image and superimposed on top of it (Figure 47). A copy of the Heidelberg infrared 

image was created after superimposition. From this copy, the 15°x 10° area scanned 

with SD-OCT was cropped and aligned vertically (width and height) with the SD-

OCT component of the Heidelberg video in order to allow localisation of the nine 

rows of sensitivity points/ stims from the MAIA grid with the nine corresponding SD-

OCT scans (Figure 48).  

The SD-OCT video was actioned and, as it played, the scans moved to meet 

the different rows of the sensitivity points from MAIA grid. Each time the SD-OCT 

scan crossed the middle of a row of MAIA grid, the video was paused and a shot of 

the scan was taken and saved and the number of the scan was documented for the 

records. A copy from the corresponding MAIA grid row was extracted and inserted in 

the scan shot and aligned using the help of the previously vertically aligned 10° x 15° 

cropped infrared image. This was repeated for each of the nine scans for each eye 

(Figure 48).   

The presence or absence of IRF and SRF as well as the integrity of IS/OS and 

ELM layers were evaluated at each of the 81 locations of sensitivity points on the SD-

OCT scans (present/ intact, absent/ lost or ungradable).  In few instances in which  

points of retinal sensitivity fell outside the exact scanned area on the SD-OCT due to 

misalignment,  these points were labelled as “unknown” with regards to 

presence/absence of IRF, SRF or integrity of IS/OS and ELM layers.  
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Figure 45 Retinal sensitivity map (left) and corresponding Heidelberg OCT video shot showing infrared and spectral domain optical coherence tomography (SD-

OCT) components. 

Retinal sensitivity map (left) and corresponding Heidelberg OCT video shot (right) showing infrared and SD-OCT components. 
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Figure 46 Identifying landmarks on retinal sensitivity map and on corresponding Heidelberg infrared image of Optical coherence tomography (OCT) and 

localisation of the grid of retinal sensitivity points on it. 

Identifying landmarks (A, B,C and D) (highlighted in blue) on retinal sensitivity map (left) and on corresponding Heidelberg infrared image of (OCT) (right) and localisation 

of the grid of retinal sensitivity points on it (red square). The white square represents the location of the retinal sensitivity map 
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Figure 47 Superimposing retinal sensitivity points on Heidelberg infrared component of optical coherence tomography (OCT) after identifying the location of the grid 

of the sensitivity points on infrared image 

Superimposing retinal sensitivity points on Heidelberg infrared component of OCT after identifying the location of the grid of the sensitivity points on infrared image 
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Figure 48 Superimposing retinal sensitivity points on the corresponding spectral domain optical coherence tomography (SD-OCT) scan. 

The area of scan on Heidelberg infrared component of the OCT video (green rectangle) is extracted and aligned vertically with the SD-OCT component to identify the 

location of the sensitivity points.  Each row of the retinal sensitivity points was matched with its corresponding SD-OCT scan.  An example of the third row from the bottom 

(row G) is shown
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The processed as well as superimposed MAIA and Heidelberg SD-OCT scans 

were transferred to a computer with Heidelberg Spectralis software in order to 

measure the total retinal thickness and thickness of GCL-IPL at 18 points from two 

selected scans from each tested eye at baseline and six months follow-up. The 

Heidelberg software was opened, the patient was first selected, and the SD-OCT scans 

of that patient were evaluated. The Heidelberg software allows automatic 

measurement of thickness of total retina at any selected point within the scanned area 

from the thickness profile tab.  Segmentation of the retinal layer was required before 

measuring the thickness of GCL-IPL. Auto-segmentation was turned on; however, 

this was not always accurate and sporadically needed to be modified manually using 

the available correction tools of the software. Using an external flexible ruler attached 

to the screen and the grid of the thickness profile window in the software, the location 

of the sensitivity points from the superimposed SD-OCT was identified in the 

thickness profile window. The total retinal thickness as well as the thickness of GCL-

IPL at each of the identified points were measured and documented.   

Due to the poor quality of OCT-A images obtained from almost all included 

RVO patients, the use of these images was limited to help the WA-FFA images to 

identify and delineate areas of retinal capillary non-perfusion.  Processed WA-FFA 

images were compared side by side with OCT-A images of the superficial vascular 

complex [from ILM to IPL], deep vascular complex [from IPL to OPL] and total 

thickness [from ILM to basement membrane (BM)] transvers scans of the 

corresponding eye (Figure 49). Land marks in processed WA-FFA were identified 

and corresponding areas were located on the OCT-A scans.  



Chapter V: Anatomical (structural) and functional correlates in retinal vein occlusion (RVO)  

378 

 

 

Figure 49 Comparing processed wide-angle fundus fluorescein angiography (WA-FFA) with optical coherence tomography angiography (OCT-A) transverse scans 

Processed WA-FFA (left) illustrating areas of ischaemia (left bottom) (highlighted in blue) and OCT-A transverse scans of superficial, deep and total retinal thickness 

vascular complexes in the corresponding eye (right). Location of OCT-A obtained does not exactly match the processed WA-FFA (vascular land marks are highlighted in 

blue in processed WA-FFA (top left) and total thickness vascular complex OCT-A (far right).  Note the poor quality of OCT-A images. ILM= inner limiting membrane; IPL= 

inner plexiform layer; OPL= outer plexiform layer; BM= basement membrane
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5.2.8   Statistical Analysis  

All data was entered first into a Microsoft Office 365 Excel file. For the purpose of 

descriptive analysis (frequencies and means ±SD), all data was exported from Excel 

to statistical analysis software IBM SPSS (Statistical Package for the Social 

Sciences), Version 24. Correlations between retinal sensitivity and the various 

structural parameters were investigated using R software environment (R foundation 

for statistical computing, Vienna, Austria, version 3.4.3).  

Mixed-effects linear regression models were fitted so as to estimate the 

associations between retinal sensitivity (i.e. function) and structural (anatomical) 

parameters, including presence/absence of retinal ischaemia, retinal haemorrhage, 

IRF, SRF, and integrity of the ELM and IS/OS layer.  A random effect term was used 

to represent the variation in retinal sensitivity among included patients and fixed 

effects for structural parameters. This model included all baseline measurements for 

both affected and fellow eyes. The fellow eyes contributed points with no lesions; 

affected RVO eyes contributed a mixture of points, some with lesions and some 

without them. A single patient level random effect allowed patients to differ in their 

test sensitivity, estimating a mean sensitivity across both eyes for each patient (this 

also accounts for the spatial dependence of points which are close together within 

eyes). Therefore, the estimated coefficients denote the difference in sensitivity 

between points with lesions and those without lesions, with a large number of normal 

points provided by fellow eyes. This appeared to be an appropriate approach as areas 

studied in affected eyes would be predominantly abnormal, otherwise there would not 

have been sufficient normal points available for an appropriate evaluation. This model 

did not attempt to directly compare matching locations between fellow and affected 

eyes, although, as explained above (5.2.6 Clinical examination and data collection), 
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the areas investigated in RVO and fellow eyes were matched as best as possible in 

location. In order to quantify the relationship between retinal sensitivity and total 

retinal thicknesses as well as thickness of the GCL-IPL, the latter two were added as 

fixed effect to the previous model of retinal sensitivity at baseline. Before undertaking 

model fitting, thickness measures were standardised by subtracting the mean and 

dividing by the standard deviation (µm). Statistical significance was considered when 

p-value ≤ 0.05. 

In order to evaluate the relationship between changes from baseline to the six-

month follow-up in the various structural parameters investigated and retinal 

sensitivity, only affected eyes were included in the analysis and comparisons were 

made between baseline and six-month follow-up visits at the pointwise level. To that 

end, a pointwise model was used, which explicitly compared sensitivity in the 

affected eye at baseline and six months follow-up at the exact same location. The 

outcome variable (sensitivity difference) was calculated as: affected eye at location X 

at baseline (minus)- affected eye at location X at six months follow-up.  Any changes 

over time in matching locations were likely to be attributable to progression of disease 

or to a treatment effect, owing to the fact that locations were matched within the same 

eye. A positive value would indicate improved sensitivity, whereas a negative value 

would indicate a deterioration. Statistical significance was considered when p-value ≤ 

0.05. 
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5.3    Results  

5.3.1   Demographics and patients’ characteristics 

A total of 12 patients were eligible for the study and went through the full 

examination described in the methods section, above. Baseline demographics and 

ophthalmic characteristics of the patients included are summarised in Tables 30-32. 

Comparisons of ophthalmic measurements between baseline and six months follow-

up are summarised in Table 33.  

The mean age (± SD) of the 12 patients included was 78±6. Six males and six 

females were included.  Six patients had CRVO, four HRVO and two BRVO.  The 

left eye was observed to be affected in eight patients and the right eye in four.  The 

mean (±SD) duration of symptoms was 4 (±4) months. Two patients had diabetes 

mellitus, seven had hypertension, and ten had dyslipidaemia. Macular oedema was 

present in 11 out of 12 RVO eyes; in one RVO, there was mild vitreous haemorrhage 

which did not affect the visualisation of the retina. A RAPD was present in eight out 

of the 12 RVO eyes   

At baseline, BCVA was markedly lower (mean 39± 17 ETDRS letters) in 

RVO eyes when compared with control fellow eyes (mean 76± 16 ETDRS letters).  

Mean (± SD) intraocular pressure was similar in RVO and control fellow eyes (17±5 

and 17±3 mmHg, respectively). Retinal venous oxygen saturation was lower in RVO 

eyes (46± 14 %) than in fellow eyes (56± 18 %). On the other hand, retinal arterial 

oxygen saturation was found to be similar in RVO and fellow eyes (87±5 % and 

86±10 %, respectively). Consequently, retinal oxygen extraction (arterio-venous 

difference of oxygen saturation) was greater in the RVO affected eyes (mean± SD= 
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42±11 %) than in fellow contralateral eyes (mean± SD= 30±9 %). The mean (±SD) 

ischaemic index was 16±12% (Table 30). 

Table 30 Summary of demographics, patients’ characteristics and findings in eyes with retinal 
vein occlusion (RVO) (n=12) and fellow eyes (n=12) at baseline (descriptive table) 

Characteristic/ Measure 

 

   

Age (Mean± SD) years 

[range] 

 

78±6 

[66-88] 

  

Gender (n)  

Male: Female 

 

 

6: 6 

  

Type of RVO (n)  
CRVO 

HRVO 

BRVO 

 

 
6/ 12 

4/ 12 

2/ 12 

  

Affected Eye (n)  

Left: Right 

 

 

8: 4 

  

Duration of symptoms (Mean± SD) 
months [range] 

 

4±4 
[1-12] 

  

Diabetes mellitus (n) 

 

2/ 12   

Hypertension (n)  

 

7/ 12   

Dyslipidaemia (n) 

 

10/ 12   

 RVO eye at baseline 

(n=12) 

Control fellow eye 

(n=12) 

Intraocular pressure (Mean± SD) 
mmHg  
[range] 

 

17±5  

[13-29] 

17±3 

[12-21] 

Macular oedema (n)  

 

11/ 12 N/A 

Neovascularisation (n)  

 

1/ 12 N/A 

Relative afferent pupillary defect 

(n)  
 

8/ 12 N/A 

Ischaemic index (Mean± SD)  

[range] 
 

16±12 [2-41] N/A 

Average O2 Saturation (Mean± SD)  

[range] 

Venous O2 
Arterial O2 

Oxygen extraction 

 

 

 

 

46±14 [27-68] 
87±5 [80-95] 

42±11 [27-64] 

 

 

56±18 [7-78] 
86±10 [60-97] 

30±9 [18-53] 

 

Best corrected visual acuity (Mean± 

SD) ETDRS letters  

[range] 

 

39±17 

[0-67] 

76±16 

[38-89] 

 

n= number of eyes; RVO= retinal vein occlusion; CRVO= central retinal vein occlusion; HRVO= Hemiretinal 

vein occlusion; BRVO; branch retinal vein occlusion; O2= Oxygen; oxygen extraction= arteio-venous oxygen 

saturation difference; ETDRS= early treatment diabetic retinopathy study; N/A= not applicable 
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Table 31 Demographics of included patients with retinal vein occlusion (descriptive table) 

 

Table 32 Comparison between eyes with RVO (n=12) and fellow eyes (n=12) in best-corrected 

visual acuity (BCVA), oxygen saturation and intraocular pressure (IOP) at baseline 

ID Age 

(yea

rs) 

 

Gender Type Eye Duration 

(months) 

Diabetes 

mellitus 

Hypertension Dyslipidaemia 

IRVO-01 

 

77 F HRVO LE 2  NO YES YES 

IRVO-02 

 

88 M CRVO RE 12  NO NO NO 

IRVO-03 

 

74 F CRVO LE 2  NO YES YES 

IRVO-04 

 

77 M CRVO LE 3  NO NO YES 

IRVO-05 

 

83 M HRVO LE 4  NO NO YES 

IRVO-06 

 

80 F HRVO LE 7  YES YES YES 

IRVO-07 

 

66 F BRVO LE 9  NO YES YES 

IRVO-08 

 

70 M HRVO RE 1  NO NO YES 

IRVO-09 

 

81 F CRVO LE 4  NO YES NO 

IRVO-10 

 

84 M BRVO LE 1  YES YES YES 

IRVO-11 

 

75 M CRVO RE 1  NO YES YES 

IRVO-12 

 

79 F CRVO RE 1  NO YES YES 

 

ID= patient’s identification code; M= male; F=female; CRVO= central retinal vein occlusion; HRVO=Hemiretinal 

vein occlusion; BRVO= branch retinal vein occlusion; LE= left eye; RE= right eye 

 

ID RVO eye 

 

Fellow eye 

 BCVA 

(ETDRS 

letters) 

 

Venous O2 Arterial O2 IOP BCVA 

(ETDRS 

letters) 

 

Venous O2 Arterial O2 IOP 

IRVO-01 

 

55 61 94 18 85 78 97 20 

IRVO-02 

 

0  N/A N/A 18 84 48 82 21 

IRVO-03 

 

34 38 85 18 84 62 95 16 

IRVO-04 

 

38 30 80 13 89 54 86 18 

IRVO-05 

 

30 30 83 29 85 70 88 15 

IRVO-06 

 

33 65 93 14 38 58 89 145 

IRVO-07 

 

67 44 84 N/A 48 54 84 N/A 

IRVO-08 

 

32 40 81 15 74 53 78 16 

IRVO-09 

 

33 49 84 19 72 59 86 14 

IRVO-10 

 

50 27 91 15 77 7 60 19 

IRVO-11 

 

49 49 88 15 87 63 90 17 

IRVO-12 

 

68 68 95 13 88 67 92 12 

 

ID= patient’s identification code; BCVA= best corrected visual acuity; ETDRS= early treatment diabetic retinopathy study; 

O2= oxygen saturation; oxygen extraction= difference between arterial and venous retinal oxygen saturation; IOP= intra-ocular 

pressure; N/A= not available. 
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Eight participants returned for the six months follow-up visit, which received a 

mean± SD of 3±1 anti-VEGF injections. One of these patients required macular laser 

photocoagulation in addition to anti-VEGF. Another patient developed retinal 

neovascularisation during the follow-up period and received pan-retinal 

photocoagulation (this particular patient was excluded from analysis since he did not 

have an area of ischaemia within the measurable field by MAIA).  BCVA in these 

eight patients improved from a mean (± SD) of 39±20 to 49± 23 ETDRS letters (i.e. 

there was a mean improvement in BCVA of 10 letters following treatment). 

Intraocular pressure remained stable (mean± SD = 17±2 mmHg). Retinal oxygen 

extraction (arterio-venous difference of oxygen saturation) decreased from a mean (± 

SD) of 43 ±10 % to 39±10 % following treatment; however, the mean in RVO eyes 

remained higher than values measured in fellow eyes despite this improvement.  The 

ischaemic index changed from a mean± SD of 8±5 % to 11±6 % at six months follow-

up in the six of eight patients with ischaemic index measurements (Table 33).   
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Table 33 Comparison of the different parameters between baseline and six-month follow-up of the included patients with retinal vein occlusion (n=12)  

ID Baseline (treatment naïve)  Follow-up (6 ±1 months) 

 

 ISI  

(%) 

BCVA 

(ETDRS 

letters) 

A-V 

O2 

MO NV IOP 

(mmHg) 

RAPD 

(ND) 

 ISI  

(%) 

BCVA 

(ETDRS 

letters) 

A-V 

O2 

MO NV IOP 

(mmHg) 

RAPD 

(ND) 

Anti-

VEGF 

Other 

Rx 

IRVO-01 

 

16 55 33 YES NO 18 YES  9 75 36 NO NO 18 NO 4 0 

IRVO-02 

 

11 0  N/A YES NO 18 YES  N/A 20 48 YES NO 16 YES 4 PRP 

IRVO-03 

 

35 34 47 YES NO 18 NO  N/A 38 43 NO NO 18 YES 3 0 

IRVO-04 

 

7 38 50 YES NO 13 NO  9 73 51 NO NO 18 YES 4 0 

IRVO-05 

 

35 30 53 YES NO 29 YES  N/A N/A N/A N/A N/A N/A N/A N/A N/A 

IRVO-06 

 

5 33 28 YES NO 14 YES  5 48 32 YES NO 16 YES 3 0 

IRVO-07 

 

4 67 40 YES NO N/A NO  5 71 20 YES NO 15 YES 2 ML 

IRVO-08 

 

10 32 41 YES NO 15 YES  18 51 36 YES NO 14 YES 3 0 

IRVO-09 

 

41 33 35 NO YES 19 YES  N/A N/A N/A N/A N/A N/A N/A N/A N/A 

IRVO-10 

 

4 50 64 YES NO 15 NO  19 15 47 YES NO 19 NO 3 0 

IRVO-11 

 

24 49 39 YES NO 15 YES  N/A N/A N/A N/A N/A N/A N/A N/A N/A 

IRVO-12 

 

2 68 27 YES NO 13 YES  N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Total 

(n=12) 

16±12  39±17 

 

42±11  11/12 1/12 17±5  

 

8/12           

 

With F/U 

 

 

8±5 

 

 

 

39±20 

 

43±10 

 

8/8 

 

0/8 

 

17±5 

 

4/8 

  

11±6 

 

49±23 

 

39±10 

 

5/8 

 

0/8 

 

17±2 

 

6/8 

 

3±1 

 

2/8 

 

ID= patient’s identification code; ISI- ischaemic index; BCVA= best corrected visual acuity; ETDRS= early treatment diabetic retinopathy study; oxygen extraction= 

difference between arterial and venous retinal oxygen saturation; MO= macular oedema; NV= neovascularisation/ neovascular complication; IOP= intra-ocular pressure; 

RAPD; relative afferent pupillary defect; ND; neutral density; VEGF= vascular endothelial growth factors; Rx= treatments; ML= macular laser; N/A= not available; F/U= 

follow-up. 
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5.3.2    Point to point correlations of retinal sensitivity with retinal ischaemia and 

other structural abnormalities at baseline 

Of the 12 included participants who took part in this study, ten were found to have 

measurable areas of retinal ischaemia within the area allowed to be tested with MAIA 

and there data were analysed [two patients (IRVO-02 and IRVO-6) did not have areas 

of capillary non-perfusion in an area which could be tested with the MAIA, which is 

why they were not used].  Among the ten included patients, the area of examination 

was centred outside the fovea in seven (IRVO-5, and IRVO-7 to IRVO-12); in three 

patients, points falling on the foveal avascular zone or perifoveal capillary ring were 

not included in the analysis, although the area was centred on the fovea.  

A descriptive table of data obtained from the ten included patients (810 points 

from RVO eye and 810 points from fellow eye), containing retinal sensitivity in eyes 

with RVO and at sites of ischaemia, haemorrhage, IRF, SRF, and integrity (or lack of) 

of IS/OS and ELM layers at baseline is presented in Table 34, below. 
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Table 34 Retinal sensitivity (mean ± SD) at sites of retinal ischaemia and other structural lesions 

of retinal vein occlusion (RVO) at baseline (20 eyes of 10 patients) (descriptive table) 

Anatomical 

parameter 

 

Retinal sensitivity (dB) in RVO eye (10 eyes) 

(n=810) 

 

Retinal sensitivity (dB) in 

Fellow eye (10 eyes) 

(n=810) 

Ischaemia 

 

 

 

 

Non-perfused 

(Ischaemic)  

(n=313) 

13± 9  

  

Perfused (Non-

ischaemic)  

(n=490) 

19± 8  

Not available 

(n=7) 

Control 

(n=798) 

 

24± 6  

Not available 

(n=12) 

Haemorrhage Present 

(n=145) 

14±8   

 

Absent 

(n=659) 

17±9  

Not available  

(n=6) 

Control 

(n=798) 

24± 6  

Not available 

(n=12) 

IRF Present IRF 

(n=296) 

11±8  

 

Absent IRF 

(n=464) 

20±7  

Not available 

(n=50) 

Control 

(n=798) 

24± 6  

Not available 

(n=12) 

SRF Present SRF 

(n=181) 

10±6  

 

Absent SRF 

(n=579) 

18±8  

Not available  

(n=50) 

Control 

(n=798) 

24± 6  

Not available 

(n=12) 

IS/OS IS/OS- present 

(n=745) 

 

17±8  

 

IS/OS- absent 

(n=0) 

 

 

IS/ OS 

ungradable 

(n=24) 

3±4  

Not 

available 

(n=41) 

Control 

(n=798) 

 

24± 6  

Not available 

(n=12) 

ELM  ELM-present 

(n=636) 

 

18±8 

 

ELM- absent 

(n=22) 

 

7±6  

 

ELM- 

ungradable 

(n=111) 

7±6  

 

Not 

available 

(n=41) 

Control 

(n=798) 

 

24± 6  

Not available 

(n=12) 

 

n= number of points studied; IRF= intraretinal fluid; SRF= subretinal fluid; IS/OS= inner segment/ outer segment layer; 

ELM= external limiting membrane 
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At baseline, there was strong evidence that retinal sensitivity was lower in the 

presence of ischaemia (13±9 dB), haemorrhage (14±8 dB), IRF (11±8 dB) or SRF 

(10±6 dB) in affected eyes, as compared to the absence of these lesion in same eye 

(19±8 dB, 17±9 dB, 20±7 dB and 18±8 dB, respectively) as well as in control fellow 

eyes (24±6 dB). According to mixed-effects linear regression analysis, the largest 

reductions in retinal sensitivity occurred at sites of IRF or SRF (~ -8dB each) (p-

values < 0.001) (Table 35). IS /OS layer status was not associated with sensitivity (p-

value = 0.468). Meanwhile absence of the ELM was not associated with sensitivity 

(p-value= 0.644), but there was evidence that sensitivity was lower if this feature was 

ungradable (p-value= 0.002). However, the small number of points with absent IS/OS 

(n=0) and ELM (n=22) layers prevents an adequate evaluation of the association 

between the presence of these features and retinal sensitivity. 

Table 35 Associations between retinal sensitivity and structural lesions in retinal vein occlusion 

(RVO) at baseline (10 RVO eyes and 10 fellow eyes, 1514 points) (mixed-effect linear regression 

model) 

Term Estimate Standard 

Error 

df t P-value 

(Intercept) 23.22 1.21 9.09 19.18 <0.001 

Ischaemia- Present -2.08 0.41 1501.30 -5.09 <0.001 

Haemorrhage- Present -1.23 0.53 1498.47 -2.33 0.020 

IRF- Present -7.82 0.49 1503.03 -15.98 <0.001 

SRF- Present -8.66 0.56 1504.95 -15.39 <0.001 

IS/OS- Ungradable -0.82 1.31 1500.91 -0.62 0.533 

IS/OS- Absent -2.37 3.26 1496.35 -0.73 0.468 

ELM- Ungradable -2.68 0.86 1504.81 -3.10 0.002 

ELM- Absent 0.62 1.33 1497.79 0.46 0.644 

 

IRF = intraretinal fluid; SRF=Subretinal fluid; IS/OS= inner segment/ outer segment; ELM= external limiting membrane  
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Total retinal thickness and thickness of the GCL-IPL were recorded in 180 

points from ten RVO eyes and in 180 points from ten fellow eyes. Both retinal 

sensitivity and retinal thicknesses at sites with different structural parameters, 

including ischaemia, haemorrhage, IRF, SRF, and integrities of IS/OS and ELM 

layers have been summarised in Table 36.  

Table 36 Retinal sensitivity and retinal thicknesses (mean± SD) at sites of retinal ischaemia and 
other structural lesions of retinal vein occlusion (RVO) in affected (10 eyes) and fellow eyes (10 

eyes) at baseline (descriptive table) 

 

Parameter RVO eye (10 eyes) 

(n=180) 

 

Fellow eye (10 eyes) 

(n=180) 

Ischaemia 

 

 

 

Sensitivity (dB) 

Total thickness (µm) 

GCL-IPL thickness 

(µm) 

Non-perfused 

(Ischaemic)  

(n=59) 

 

13±9 

300±137  

110±99  

 

Perfused (Non-

ischaemic)  

(n=116) 

 

18±8 

318±109  

103±63 

Not available 

(n=5) 

Control 

(n=178) 

 

 

24±6 

282± 60  

86±34 

 

Not available 

(n=2) 

Haemorrhage 

 

 

Sensitivity (dB) 

Total thickness (µm) 

GCL-IPL thickness 

(µm) 

Present 

(n=28) 

 

17±9   

294±82 

97±44 

Absent 

(n=147) 

 

17±9  

328±125 

81±28 

Not available  

(n=5) 

Control 

(n=178) 

 

24±6 

282± 60  

86±34 

 

 

Not available 

(n=2) 

IRF 

 

Sensitivity (dB) 

Total thickness (µm) 

GCL-IPL thickness 

(µm) 

 

 

Present IRF 

(n=54) 

 

10±7 

363±170  

144±122 

 

Absent IRF 

(n=121) 

 

20±7  

304±83 

88±31 

Not available 

(n=5) 

Control 

(n=178) 

 

24±6 

282± 60  

86±34 

 

Not available 

(n=2) 

IRF 

 

Sensitivity (dB) 

Total thickness (µm) 

GCL-IPL thickness 

(µm) 

 

Present SRF 

(n=41) 

 

10±7  

403±154 

140±83 

 

Absent SRF 

(n=137) 

 

19±8 

296±94 

94±71  

Not available  

(n=2) 

Control 

(n=178) 

 

24±6 

282± 60  

86±34 

 

Not available 

(n=2) 

IS/OS 

 

Sensitivity (dB) 

Total thickness (µm) 

GCL-IPL thickness 

(µm) 

IS/OS- present 

(n=174) 

 

17±9 

314±107 

99±63 

 

IS/OS- 

absent 

(n=0) 

 

IS/ OS 

ungradable 

(n=4) 

4±3 

618±229 

349±188  

Not available 

(n=2) 

Control 

(n=178) 

 

24±6 

282± 60  

86±34 

Not available 

(n=2) 

ELM  

 

 

Sensitivity (dB) 

Total thickness (µm) 

GCL-IPL thickness 

(µm) 

 

ELM- present 

(n=152) 

 

 

18±8 

325±110 

104±64 

 

ELM- 

absent 

(n=0) 

 

ELM 

ungradable 

(n=26) 

 

5±4 

296±162 

107±126  

Not available 

(n=2) 

Control 

(n=178) 

 

 

24±6 

282± 60  

86±34 

Not available 

(n=2) 

 

n= number of points; IRF = intraretinal fluid; SRF=Subretinal fluid; IS/OS= inner segment/ outer segment; ELM= external 

limiting membrane GCL= ganglion cell layer; IPL= inner plexiform layer.  
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Mixed-effects linear regression analysis demonstrated evidence of a negative 

association between total retinal thickness and retinal sensitivity (p=0.021) (Figure 

50) and (Table 37). Affected RVO eyes at baseline were observed to have the greatest 

thickness and the lowest retinal sensitivity. Mean± SD of retinal sensitivity and 

thickness of total retina were 13±9 dB and 330±137 µm where ischaemia was present, 

17±9 dB and 294±82 µm where retinal haemorrhage was present, 10±7 dB and 

363±170 µm where IRF was present and 10±7 dB, as well as 403±154 µm where SRF 

was present. The magnitude of the estimated association was found to be moderate, 

with one standard deviation increase in thickness of total retina associated with a 

reduction in retinal sensitivity of -1.4 dB. The associations of retinal sensitivity with 

the different structural parameters remain with the exception of haemorrhage when 

correcting for total retinal thickness, which was no longer associated with sensitivity 

once adjusting for total retinal thickness (Table 37). 

 

Figure 50 Association between total retinal thickness and retinal sensitivity at baseline in retinal 

vein occlusion (RVO) 
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Table 37 Associations between retinal sensitivity and structural parameters at baseline (10 RVO 

eyes and 10 fellow eyes, 347 points) considering the total retinal thickness (mixed-effect linear 

regression model) 

Term Estimate Standard 

Error 

df t P-value 

(Intercept) 22.70 1.24 9.98 18.32 <0.001 

Ischaemia- Present -3.35 0.38 332.78 -4.04 <0.001 

Haemorrhage- Present -0.09 1.15 333.56 -0.08 0.935 

IRF- Present -6.14 1.29 333.03 -4.76 <0.001 

SRF- Present -7.19 1.30 338.50 -5.52 <0.001 

IS/OS- Ungradable 1.90 3.05 337.17 -0.62 0.533 

ELM- Ungradable -2.52 1.97 334.71 -1.28 0.201 

Total retinal thickness µm -1.44 0.62 338.84 -2.33 0.021 

 

IRF = intraretinal fluid; SRF=Subretinal fluid; IS/OS= inner segment/ outer segment; ELM= external limiting membrane 

 

The relationship between retinal sensitivity and thickness of GCL-IPL (p-

value= 0.022) (Figure 51) was found to be similar to that which was observed with 

total retinal thickness (Table 38). Mean± SD of retinal sensitivity and thickness of 

GCL-IPL were 13±9 dB and 110±99 µm where ischaemia was present, 17±9 dB and 

97±44 µm where retinal haemorrhage was present, 10±7 dB and 144±122 µm where 

IRF was present, as well as 10±7 dB and 140±83 µm where SRF was present. 
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Figure 51 Association between inner retinal thickness (ganglion cell layer-inner plexiform layer) 

and retinal sensitivity at baseline in retinal vein occlusion (RVO) 

 

Table 38 Associations between retinal sensitivity and structural parameters at baseline (10 RVO 

eyes and 10 fellow eyes, 347 points) considering GCL-IPL thickness (mixed-effect linear 
regression model) 

Term Estimate Standard 

Error 

df t P-value 

(Intercept) 23.4 1.24 9.25 18.59 <0.001 

Ischaemia- Present -3.18 0.83 333.44 -3.82 <0.001 

Haemorrhage- Present 0.00 1.15 333.37 0.00 0.999 

IRF- Present -6.39 1.24 332.87 -5.16 <0.001 

SRF- Present -8.38 1.12 338.85 -7.48 <0.001 

IS/OS- Ungradable 5.71 3.43 333.66 1.66 0.097 

ELM- Ungradable -5.52 1.86 338.45 -2.97 0.003 

GCL-IPL thickness µm -1.17 0.51 335.35 -2.30 0.022 

 

IRF = intraretinal fluid; SRF=Subretinal fluid; IS/OS= inner segment/ outer segment; ELM= external limiting membrane; 

GCL= ganglion cell layer; IPL= inner plexiform layer. 
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5.3.2   Evaluation of changes in retinal sensitivity and its correlations with retinal 

ischaemia and other structural lesions of RVO on follow-up 

Retinal sensitivity values in eyes with RVO at sites of ischaemia, haemorrhage, IRF, 

SRF, and integrity (or lack of) of IS/OS and ELM layers obtained from the six 

patients (486 points), who came back for the six-month follow-up review, are 

presented in Table 39 below. Figure 52 illustrates the distribution of changes in 

retinal sensitivity at six months follow-up.   

Table 39 Changes in retinal sensitivity (mean± SD) from baseline to six months at sites of retinal 

ischaemia and other structural retinal lesions of retinal vein occlusion (RVO) (6 RVO eyes).  

Anatomical parameter 

 

Retinal sensitivity (dB) 

 

 RVO eye (n=6 patients, 6 eyes) 

(n=486) 

 

 Absent 

 

Developed Persisted Resolved Not available 

Ischaemia 

 

Baseline sensitivity (dB) 

Sensitivity change (dB) 

 

(n=237) 

 

17±8 

5±7 

 

(n=44) 

 

11±9 

-2±11 

 

(n=158) 

 

11±8 

-1±8 

(n=31) 

 

13±8 

-1±5 

 

(n=16) 

Haemorrhage 

 

Baseline sensitivity (dB) 

Sensitivity change (dB) 

 

(n=363) 

 

15±8 

1±8 

(n=1) 

 

2 

20 

(n=2) 

 

15±1 

4±0 

(n=114) 

 

12±8 

5±8 

(n=6) 

 IRF 

 

Baseline sensitivity (dB) 

Sensitivity change (dB) 

 

(n=214) 

 

21±6 

1±7 

(n=0) (n=0) (n=240) 

 

9±6 

6±10 

(n=32) 

SRF 

 

Baseline sensitivity (dB) 

Sensitivity change (dB) 

 

(n=346) 

 

16±9 

0±7 

(n=0) (n=0) (n=114) 

 

9±6 

10±6 

(n=26) 

 Loss persisted 

 

Loss resolved Remained 

intact 

Loss developed Not available  

IS/OS 

 

Baseline sensitivity (dB) 

Sensitivity change (dB) 

 

(n=0) (n=0) 

 

 

  

(n=436) 

 

 

15±8 

2±8 

(n=0) (n=50) 

ELM  

 

Baseline sensitivity (dB) 

Sensitivity change (dB) 

 

(n=0) (n=22) 

 

 

7±6 

10±7  

(n=321) 

 

 

18±8 

2±8 

(n=0) (n=143) 

 

IRF = intraretinal fluid; SRF=Subretinal fluid; IS/OS= inner segment/ outer segment; ELM= external limiting membrane; 

GCL= ganglion cell layer; IPL= inner plexiform layer. 
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Figure 52 Distribution of changes in retinal sensitivity 

Changes in retinal sensitivity were estimating by subtracting values at follow-up from those 

obtained at baseline. 

 

There was strong evidence to suggest that the development or persistence of 

retinal ischaemia was associated with a more severe deterioration in retinal sensitivity 

as compared to locations with other RVO lesions (Table 40). Locations in which 

ischaemia developed during the study underwent more marked deterioration in 

sensitivity (n=44) (mean ±SD= -2±11 dB) (p-value <0.001), followed by those 

locations where ischaemia persisted (n=158) (mean ±SD= -1±8 dB) (p-value<0.001).  

Even after resolution, which occurred very rarely, retinal sensitivity remained below 

normal values in locations where it was previously present at baseline (n=31) (mean 

±SD= -1±7 dB) (p-value=0.035).  

Resolution of haemorrhage (n=114) was associated with a statistically 

significant improvement of retinal sensitivity by a mean± SD of 5±8 dB (p-
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value<0.001) to reach 22±8 dB. This is nearly similar to that of control fellow eyes 

(24±6 dB). Locations in which haemorrhages developed (n=1) or were it persistent 

(n=2) were extremely few, which implies that there was little power to detect 

associations with these changes. Resolution of IRF (n=240) was associated with 

improvements in retinal sensitivity by a mean± SD of 6±10 dB (p- values =0.028) to 

reach 15±8 dB, which is lower than that of control fellow eyes (24±6 dB). Resolution 

of SRF (n=114) was also associated with significant improvement in retinal 

sensitivity by a mean ± SD of 10±6 dB (p-value= 0.022) to reach 19±4 dB; however, 

it was also lower than fellow eye (24± 6 dB). It was not possible to evaluate the effect 

of the integrity of the IS/OS and ELM because the very small number of locations 

affected by these lesions at baseline (absent ELM= 22, absent IS/OS = 0).  The ELM 

layer was graded to be absent at baseline in 22 locations (points).  However, at six 

months follow-up, the ELM was graded as present in all 22 points at the same 

locations and retinal sensitivity was observed to improve at these locations by a 

mean± SD of 10±7 dB. 
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Table 40 Associations between changes of retinal sensitivity and changes in anatomical 

parameters during follow-up (6 RVO eyes, 453 points) (pointwise mixed-effect linear regression 

model) 

Term Estimate Standard 

Error 

df t P-value 

(Intercept) 1.7 2.23 5.36 0.76 0.478 

Ischaemia- Developed -3.65 0.98 441.31 -3.71 <0.001 

Ischaemia- Persistent -2.98 0.81 443.41 -3.68 <0.001 

Ischaemia- Resolved -2.34 1.11 441.59 -2.11 0.035 

Haemorrhage- Developed 7.70 5.43 438.96 1.42 0.157 

Haemorrhage- Persistent 6.24 3.89 439.38 1.61 0.109 

Haemorrhage- Resolved 3.92 0.69 439.44 5.68 <0.001 

IRF- Resolved 1.16 0.596 424.96 1.21 0.028 

SRF- Resolved 2.40 1.04 433.69 2.30 0.022 

 

IRF = intraretinal fluid; SRF=Subretinal fluid 

 

Owing to the small number of points with recorded retinal thicknesses (total 

and inner retina/ GCL-IPL) at follow-up (n=108) [i.e. 18 points (nine points from two 

rows) in each of the six eyes with follow-up) corrections for total retinal thickness or 

GCL-IPL thickness could not be undertaken on the evaluation of changes at six month 

follow-up. Data from these 108 points is depicted in Table 41. 
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Table 41 Changes in retinal sensitivity and retinal thicknesses (mean± SD) from baseline to 6 
months at sites of retinal ischaemia and other structural retinal lesions of retinal vein 

occlusion (RVO) (6 RVO eyes) (descriptive table) 

 
Anatomical parameter Retinal sensitivity (dB) 

 RVO eye (6 eyes) 

(n=108) 

 Absent Developed Persisted Resolved Not available 

Ischaemia 

Baseline sensitivity (dB) 

Sensitivity change (dB) 

 

Baseline total thickness (µm) 

Total thickness change (µm) 

 

Baseline GCL-IPL thickness (µm) 

GCL-IPL thickness change (µm) 

 

(n=59) 

9±8 

10±8 

 

427±191 

-139±174 

 

132±76 

-33±45 

 

(n=8) 

8±5 

1±9 

 

602±143 

-130±157 

 

294±159 

-48±68 

 

(n=25) 

11±8 

1±9 

 

417±111 

-171±115 

 

94±30 

-21±27 

(n=11) 

6±6 

1±7 

 

452±95 

-185±107 

 

129±74 

-48±30 

 

(n=5) 

Haemorrhage 

Baseline sensitivity (dB) 

Sensitivity change (dB) 

 

Baseline total thickness (µm) 

Total thickness change (µm) 

 

Baseline GCL-IPL thickness (µm) 

GCL-IPL thickness change (µm) 

 

(n=80) 

9±7 

10±7 

 

447±177 

-148±163 

 

139±100 

-32±44 

(n=0) 

 

 

 

(n=1) 

16 

4 

 

280 

-23 

 

102 

-22 

(n=22) 

1±9 

5±10 

 

427±131 

-165±116 

 

123±40 

-35±39 

(n=5) 

IRF 

Baseline sensitivity (dB) 

Sensitivity change (dB) 

 

Baseline total thickness (µm) 

Total thickness change (µm) 

 

Baseline GCL-IPL thickness (µm) 

GCL-IPL thickness change (µm) 

 

(n=57) 

12±8 

7±8 

 

325±84 

-70±72 

 

100±36 

-23±36 

(n=0) (n=0) (n=46) 

6±5 

12±8 

 

584±131 

-250±169 

 

178±116 

-45±47 

(n=5) 

SRF 

Baseline sensitivity (dB) 

Sensitivity change (dB) 

 

Baseline total thickness (µm) 

Total thickness change (µm) 

 

Baseline GCL-IPL thickness (µm) 

GCL-IPL thickness change (µm) 

 

(n=83) 

10±7 

9±8 

 

408±147 

-129±132 

 

121±89 

-28±39 

(n=0) (n=0) (n=23) 

7±8 

8±10 

 

575±171 

-253±187 

 

174±86 

-45±51 

(n=2) 

 Loss persisted 

 

Loss 

resolved 

Remained 

intact 

Loss 

developed 

Not available  

IS/OS 

Baseline sensitivity (dB) 

Sensitivity change (dB) 

 

Baseline total thickness (µm) 

Total thickness change (µm) 

 

Baseline GCL-IPL thickness (µm) 

GCL-IPL thickness change (µm) 

 

(n=0) (n=0) 

 

 

  

(n=102) 

9±8 

9±9 

 

432±155 

-156±148 

 

123±74 

-32±42 

(n=0) (n=6) 

ELM 

Baseline sensitivity (dB) 

Sensitivity change (dB) 

 

Baseline total thickness (µm) 

Total thickness change (µm) 

 

Baseline GCL-IPL thickness (µm) 

GCL-IPL thickness change (µm) 

 

(n=0) (n=0) 

 

 

  

(n=80) 

10±8 

9±8 

 

384±129 

-98±96 

 

133±78 

-34±42 

(n=0) (n=28) 

 

n= number of points; GCL= ganglion cell layer; IPL= inner plexiform layer; IRF=intraretinal fluid; SRF=subretinal fluid; 

IS/OS = inner segment/outer segment layer; ELM = external limiting membrane 
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5.4    Discussion 

The study presented in this chapter aimed at evaluating the relationship between 

retinal sensitivity and retinal lesions secondary to RVO, which included retinal 

ischaemia, retinal haemorrhage, IRF, SRF, as well as presence and absence of the 

ELM and the IS/OS layers, and the total retinal thickness and thickness of the GCL-

IPL, in retinal regions outside the fovea, in treatment-naïve patients with RVO. In 

addition, the study investigated the effect of resolution and progression of these 

structural lesions on retinal sensitivity at six months following treatment. 

Presence of retinal ischaemia, retinal haemorrhage, IRF, and SRF were found 

to be statistically significantly associated with a reduction in retinal sensitivity, with 

IRF and SRF exhibiting the most severe effect.  Increased total retinal thickness and 

increased thickness of GCL-IPL were also associated with reduced retinal sensitivity. 

The effect of retinal ischaemia, IRF or SRF on retinal sensitivity, however, persisted 

even when correcting for total retinal thickness and thickness of the GCL-IPL, thus 

suggesting that indeed the effect on retinal sensitivity was a direct result of the 

presence of the RVO lesion itself.  Due to the small number of locations/points with 

absent IS/OS or ELM, the associations between the integrity of these layers and 

retinal sensitivity could not be determined.  

The impact of resolution of structural changes secondary to RVO on retinal 

sensitivity varied. Resolution of retinal ischaemia, which was only in 31 of the 486 

points studied, was not found to result in improvements in retinal sensitivity. In fact, 

further loss in retinal sensitivity occurred even after resolution of retinal ischaemia.  

This may be explained by the fact that reperfusion may have occurred after cell 

demise had already taken place, with the subsequent lack of functional recovery.  If 

that were the case, this would suggest that any therapeutic attempt to achieve retinal 
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reperfusion should be undertaken as soon as possible following diagnosis. In the 

current study, patients were treated with anti-VEGF therapies, which did not seem to 

have a major effect reversing retinal ischaemia in the great majority of locations 

investigated.   

In contrast, resolution of retinal haemorrhage, IRF or SRF led to statistically 

significant improvements in retinal sensitivity. However, retinal sensitivity remained 

lower after resolution in areas affected by these lesions than that which were detected 

in unaffected locations in fellow control eyes, thus suggesting that either irreversible 

damage to retinal cells had already occurred when treatment was initiated or that this 

occurred despite of treatment.   

Very few previous studies have evaluated functional-structural correlates in 

RVO.  Following a search of extant literature, only seven studies considered relevant 

(detailed below) were identified, (1-7) and only two of these, conducted by Noma et al. 

(1,5), included treatment-naïve patients with RVO (the remaining studies evaluated 

patients only following treatment).  

Noma et al. (5) evaluated the association of retinal capillary non-perfusion with 

retinal sensitivity, as determined by microperimetry, and with total retinal thickness, 

as determined by SD-OCT, at corresponding areas of the retina. (5) This study 

included 41 treatment naïve patients with BRVO with a mean duration of symptoms 

of ~5±3 months. Retinal sensitivity was determined in the central 20° of the retina, 

which was divided into 9 subfields [5 points in the central 4° x 4° (1 x 1 mm) field, 29 

points in the central 10° x 10° (3 x 3 mm) field (foveal, superior inner, nasal inner, 

inferior inner and temporal inner), and 57 points in 20° x 20° (6 x 6 mm) (all 9 

subfields, including foveal, inner and outer subfields)].  A strong negative association 
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was observed between retinal sensitivity and retinal capillary non-perfusion in the 10° 

x 10° (p-value=0.021) and 20° x 20° (p-value=0.020) areas was identified. However, 

this was not observed in the foveal 4° x 4° region.  Values of mean retinal sensitivity 

for ischaemic and perfused retinal areas were not provided.  A statistically significant 

negative correlation between retinal sensitivity and retinal thickness was found only 

in the central 20° field (p-value=0.037) with lower retinal sensitivity values observed 

in areas with thicker retina. Multivariable regression analysis was not considered in 

this study to correct for other lesions. 

In the other study conducted by Noma et al., (1)  the relationship between 

retinal sensitivity at the central 20° x 20° of the retina (57 points) and total retinal 

thickness at the corresponding area was evaluated. (1)  This study included 49 

treatment naïve patients with BRVO with a mean duration of symptoms of 4±3 

months. Multivariable analysis demonstrated a statistically significantly negative 

correlation between macular sensitivity and total retinal thickness after adjustment for 

age, gender, hypertension, dyslipidaemia, duration of BRVO, as well as presence of 

retinal ischaemia and serous retinal detachment at central 20° of the retina. The 

finding of greater retinal thickness associated with lower retinal sensitivity at baseline 

is in consonance with the pertinent findings presented in this chapter. 

A retrospective study conducted by Tomiyasu et al.(2) included 30 RVO 

patients with areas of retinal capillary non-perfusion in the central 5° (3x3 mm) and 

macular oedema and evaluated retinal sensitivity using microperimetry on this central 

area (33 points/ locations). They compared retinal sensitivity in areas with and 

without retinal capillary non-perfusion, excluding the foveal and parafoveal regions.  

At the time of evaluation, patients were not treatment-naïve and had received already 

intravitreal anti-VEGF or triamcinolone acetonide.  The mean± SD duration between 
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onset of symptoms and retinal sensitivity testing was ~24± 1 months and between 

onset of symptoms and FFA testing ~26± 20 months. Similar to the findings presented 

in this chapter at baseline and six-month follow-up, Tomiyasu et al. showed that 

mean± SD retinal sensitivity was statistical significantly lower in areas with retinal 

capillary non-perfusion (18±9 dB) (193 points) than in perfused areas (26± 5 dB) and 

fellow eyes (28± 4 dB) (598 points) at follow-up. (2) Using multivariable regression 

analysis, a negative association between retinal sensitivity and duration of disease 

since onset (p-value-0.039) was found. (2) In addition, an association between reduced 

retinal sensitivity and presence of macular oedema (defined by a retinal thickness of 

>350 µm on SD-OCT) was found, (2) which is consistent with the findings presented 

herein.   

A retrospective study by Ota et al. (6) evaluated 24 eyes of 24 patients with 

RVO previously treated with anti-VEGFs, triamcinolone acetonide, pars plana 

vitrectomy or macular grid laser photocoagulation following resolution of macular 

oedema and investigated the relationship between retinal sensitivity, at 57 points/ 

locations in the central 10° of the retina, and retinal capillary non-perfusion in 19  

eyes of 24 patients with available FFA images, as well as the integrity of the IS/OS 

layer of the retina, in all 24 eyes. The mean± SD duration of symptoms was 7± 5 

months and the duration from macular oedema resolution to microperimetry testing 

was 12± 7 months. (6)  The evaluated area was divided into three regions, foveal (9 

points covering central 2°, which were not analysed), affected (presence of RVO, 24 

points) and unaffected (no RVO, 24 points) regions. The foveal region was excluded 

from this analysis. Retinal sensitivity was reported to be significantly less (mean± 

SD= 0.3± 1.3 dB) in areas with retinal capillary non-perfusion (102 points) than in 

perfused areas (~11± 6 dB) (354 points). This finding is in consonance with those in 
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the current study at baseline (13±9 dB in ischaemic and 18±8 dB in perfused retina) 

and at six months follow-up (10±9 dB in ischaemic and 22±7 dB in perfused retina). 

Mean± SD retinal sensitivity was also significantly reduced when loss/ deterioration 

was observed in IS/OS layer as compared to when this layer was intact (11± 4 dB in 

28 points and 16± 3 dB in 548 points, respectively, in the unaffected retina, and 4±5 

dB in 110 points and 10±7 dB in 466 points in the affected region). (6). Corrections for 

other lesions in this study using multivariable regression analysis were not 

undertaken. 

Two studies by Kadomoto et al. (7) and Ghashut et al. (3) including 30 patients 

with CRVO and 23 with BRVO, respectively, also studied the association between 

retinal sensitivity using microperimetry (central 6° with 29 points/ locations, 9 points 

in the fovea and the remaining 20 points in the parafoveal region) with retinal 

capillary non-perfusion and of loss of the integrity of the IS/OS layer.  These studies 

only included treated patients, and only the parafoveal area was considered for the 

evaluation of retinal sensitivity, integrity of IS/OS layer, and capillary non-perfusion 

within the central 3° x 3° of retina. These two studies found statistically significant 

associations between parafoveal capillary non-perfusion and reduced retinal 

sensitivity in both CRVO and BRVO. (3) (7) Similarly, a study by Manabe et al., (4) 

which included 27 previously treated patients with BRVO and resolved macular 

oedema and resolved haemorrhages following treatment in RVO, found a statistically 

significant association between reduced retinal sensitivity (measured at 37 points/ 

locations in central 3 x 3 mm of retina) as well as the presence of parafoveal capillary 

non-perfusion. Multivariable regression analysis to correct for other lesions in these 

studies was not considered. 
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 Gashut et al. (3) did not find any association between retinal sensitivity and 

disruption of the IS/OS layer in patients with CRVO whereas Kadomoto et al. (7) 

found that disruption of the IS/OS layer and greater mean total retinal thickness were 

observed to be statistically significantly associated with reduced retinal sensitivity in 

corresponding locations of the retina (central 3° x 3°) in patients with BRVO.   

The effect of retinal haemorrhage, IRF and SRF and the loss of the ELM layer 

on retinal sensitivity were not evaluated in any of the aforementioned studies.  In the 

study presented in this chapter, the ELM layer was absent at baseline in 22 points/ 

locations. At the six-month follow-up visit, however, the ELM was present at all 22 

points/locations.  In these points, the mean± SD of retinal sensitivity at the sixth 

month follow-up visit greatly improved by 10± 7 dB from a mean± SD of 7± 6 dB. It 

is possible that the lack of visualisation of the ELM at baseline may be attributed to an 

artefact, or may relate to the obscuration of this structure due to RVO lesions (e.g. 

fluid, haemorrhages).  However, it is most likely that the regeneration of the ELM by 

Muller cells could have taken place. The small number of points in the small number 

of patients included in this study, however, should be taken into consideration when 

interpreting these findings.   

To the best of my knowledge, this is the first study which evaluates in great 

detail, the relationship between retinal sensitivity and lesions from RVO. The study 

was meticulously conducted in order to ensure that areas investigated by the different 

functional and structural diagnostic technologies were at the exact same location.  

Patients were evaluated relatively soon after the diagnosis of RVO and prior to 

receiving any treatment. Furthermore, some of them were also evaluated 

longitudinally following treatment.  This allowed us to determine changes in retinal 

sensitivity occurring following persistence or resolution of RVO lesions. In particular, 
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I developed and used a customised 8° x 8° grid which was densely interrogated with 

regards to retinal sensitivity (81 points/ locations) and superimposed to images from 

the different structural technologies used in order to achieve a precise point to point 

correlation between functional and anatomical findings. The number of points with 

different lesions evaluated in the current study has been established to be greater than 

those used in the previous studies.  However, the limitations of this study include the 

small number of patients evaluated (10 patients at baseline and 6 patients at six 

months follow-up).  It is also possible that superimposition of images from the 

different technologies may not have been 100% accurate, as scales and proportions of 

the images extracted from the different technologies were not identical and hence, 

could not be processed automatically (manual processing was meticulously 

undertaken but a degree of error cannot be ruled out).  Furthermore, localisation of the 

SD-OCT and OCT-A test areas at the time of examination did not always cover the 81 

points/ locations studied with microperimetry, thereby leaving some points/ locations 

with missing data and values (as tables showed in the Results section, above).  

Moreover, total retinal thicknesses and thickness of the GCL-IPL were only recorded 

in selected scans (18 points in each eye, 9 points of each scan) and not in each of the 

81 locations.  Lastly, the quality of the OCT-A images was not always adequate and 

evaluation of the superficial and deep vascular complexes could not be done 

separately. 

From this study, it can be concluded that the presence of retinal ischaemia, 

IRF, SRF, increased total retinal thickness, as well as heightened thickness of the 

GCL-IPL affects significantly retinal function, with IRF and SRF having the greatest 

effect.  Resolution of IRF and SRF, as it was achieved in all patients included in this 

study following treatment, led to improvement in retinal sensitivity.  However, this 
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was not found to be the case in areas of retinal ischaemia. In the few areas where 

resolution of retinal ischaemia was observed, retinal sensitivity continued to be 

reduced.  Therefore, new therapeutic strategies aimed at improving retinal perfusion 

in eyes with RVO are much needed.  The findings of this study suggest that early 

intervention may be necessitated in order to recover affected retinal function as a 

result of capillary non-perfusion in eyes with RVO.    
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6.1. Summary of the work produced and contributions to the field 

This thesis aimed to improve the understanding of Retinal Vein Occlusion (RVO), 

specifically, of ischaemic RVO (iRVO), and further the knowledge of this potentially 

blinding condition. To achieve this aim, three types of studies were planned, including 

systematic reviews of the literature, a retrospective observational clinical study, and a 

pilot cross-sectional/ prospective observational clinical study. The systematic reviews 

gathered current clinical knowledge on ischaemic RVO and on experimental animal 

models of RVO, identified gaps in the understanding of this retinal disease based on 

published literature, and provided recommendations regarding characterising or 

phenotyping RVO at high risk of complications and poor prognosis using various 

functional and anatomical (structural) parameters. The reviews also provided 

information for basic scientists on strengths and limitations of current experimental 

animal models of the disease. The retrospective observational clinical study 

investigated the efficacy / value of treatment with intravitreal anti-VEGF (vascular 

endothelial growth factor) on the vision (function) and macular oedema (structure) in 

patients with ischaemic RVO, when compared with those with non-ischaemic RVO. 

This study explored also the role of several systemic and local / retinal parameters on 

the functional and structural outcomes of RVO following treatment. The pilot cross-

sectional observational clinical study evaluated point to point correlations between 

retinal sensitivity (function) and retinal ischaemia, as well as other anatomical 

parameters (structural lesions) outside the foveal and parafoveal regions in treatment-

naïve patients with newly diagnosed RVO. This study also explored the changes in 

retinal sensitivity and their correlations with resolution or progression of these 

structural lesions at 6-months following treatment. 
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It is well established that the presence and extent of ischaemia has a negative 

impact on the prognosis of RVO (i.e. the larger the area of retinal ischaemia is, the 

worse the prognosis). Hence, this thesis strongly encourages clinicians and 

researchers to determine the presence/absence, extent, and location of areas of retinal 

ischaemia in patients with RVO.  This information should be provided consistently in 

RVO studies and should be considered when evaluating outcomes of therapies. There 

is no widely accepted definition for ischaemic central RVO (iCRVO) and ischaemic 

branch RVO (iBRVO) in the literature. The CVOS (central vein occlusion study) and 

BVOS (branch vein occlusion study) defined iCRVO and iBRVO by the presence of 

≥10 disc areas (DA) and ≥5 DA of retinal capillary non-perfusion, respectively, on 

standard fundus fluorescein angiography (FFA).  These definitions, which have been 

the ones most widely used in published studies and were based on risk of 

development of neovascularisation, have not been consistently used due to a lack of 

agreement on the required threshold to consider a case  “ischaemic”.  However, if a 

consistent evaluation of patients with RVO were to be agreed and used, including 

determining the minimum set of core outcome measures required for RVO studies, 

this would allow for a homogeneous patient assessment, which would facilitate future 

comparisons among studies and meta-analyses, would enhance the understanding of 

the disease and provide a more accurate identification of phenotypes and estimation of 

their prognosis, as well as their response to treatment. 

As a result of the systematic review, several functional and structural 

parameters have been identified and are recommended in identifying and phenotyping 

RVO patients at a high risk of developing neovascularisation or in predicting those 

who have poor visual prognosis.  Current knowledge suggests that patients with 

CRVO and visual acuity of ≤6/60 (20/200) Snellen [~35 ETDRS (early treatment 
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diabetic retinopathy study) letters], a relative afferent pupillary defect (RAPD) of ≥ 

0.9 log units using neutral density filters, and extensive retinal capillary non-perfusion 

[ischaemic index ≥35% on wide-angle FFA (WA-FFA) or ≥30 DA if using standard 

FFA] as well as extensive retinal haemorrhages in four quadrants on fundus 

examination are at higher risk of developing neovascular complications (if not already 

present) and should be followed closely so that timely treatment can be initiated.  Pre-

existing glaucoma and intraocular pressure of ≥20 mmHg at presentation were found 

to be associated with iCRVO and development of neovascular glaucoma. Central 

subfield thickness (CST) of ≥700 µm on spectral domain optical coherence 

tomography (SD-OCT) was found to be associated with ischaemia, poor visual 

prognosis, and damage of photoreceptors. A loss of foveal inner segment/ outer 

segment (IS/OS) and external limiting membrane (ELM) at presentation in patients 

with iCRVO correlated with poorer final visual outcomes. Electroretinography (ERG) 

can also provide prognostic information, with prolonged implicit times in the 30 Hz 

flicker ERG (>37 ms), reduction of > 60% of values compared to those obtained in 

the fellow healthy eye in the b-wave amplitude or b/a ratio of scotopic and/or 

photopic ERG, or photopic b-wave amplitude value of ≤ 56 µV, providing a more 

guarded prognosis due to an increased risk of neovascularisation. Prognostic 

indicators for retinal ischaemia and its complications have been less extensively 

studied in BRVO when compared with CRVO.  Visual acuity at presentation of ≤6/18 

(20/60) Snellen (~60 ETDRS letters) is most commonly observed in patients with 

retinal ischaemia. Intact IS/OS and ELM on SD-OCT, which indicates the integrity of 

the photoreceptor cell layer, was correlated with a more favorable visual prognosis in 

patients with BRVO. Damage/atrophy of inner retinal layers, as observed on SD-

OCT, including neural fibre layer (NFL), ganglion cell layer (GCL), inner plexiform 
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layer (IPL), and inner nuclear layer (INL) in both iBRVO and iCRVO have been 

associated with poor prognosis. Other predictive factors of a poorer prognosis in 

CRVO and BRVO are age of ≥70 years old and duration of RVO symptoms of ≥3 

months. It remains unclear why some RVO patients develop retinal ischaemia while 

others do not, and why some RVO patients have more extensive areas of retinal 

ischaemia than others, within the same type of RVO (CRVO, BRVO or HRVO).  

Current treatments of RVO, which target macular oedema and 

neovascularisation, and specifically intravitreal anti-VEGF therapy for macular 

oedema, had been investigated in Randomised Clinical Trials (RCTs) including, 

mostly, patients with the non-ischaemic forms of the disease (i.e. with minimal retinal 

ischaemia present). In the study conducted for this thesis, anti-VEGFs benefited not 

only non-ischaemic but also ischaemic forms of CRVO and BRVO. Significant 

improvement of visual acuity and significant reduction of macular oedema can be 

achieved in ischaemic RVO using these treatments. Lower baseline visual acuity was 

associated with greater visual improvement following treatment in our study. 

However, due to the lower baseline visual acuity that is classically found in iRVO, 

final visual acuity would be still markedly lower in iRVO than in non-ischaemic RVO 

in a considerable percentage of cases as the literature and the retrospective study 

showed, suggesting that retinal damage in the former cannot be fully reversed as a 

result of the treatment.  The systematic review showed that none of the current 

available treatments were able to prevent the development of neovascularisation in 

iRVO, although the incidence of this complication appears to be reduced by the use of 

anti-VEGF treatment. Currently, there is no adequate evidence on the presence of 

prophylactic treatments for neovascularisation and neovascular complications in eyes 

with RVO. However, progression of retinal ischaemia (i.e. increased in the area of 
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retinal capillary non-perfusion) still occurs despite treatment with intravitreal anti-

VEGFs in the majority of patients with RVO. 

Retinal reperfusion or decrease in the size of the area of retinal capillary non-

perfusion or ischaemia in RVO was observed in rare instances in the prospective 

observational clinical study undertaken in this thesis and had been reported previously 

in a small number of other studies following intravitreal anti-VEGF treatment.  

Factors predicting reperfusion in RVO remain unidentified. The prospective study 

conducted in this thesis allowed an assessment of whether reperfusion led to improved 

function, as patients were followed over time following treatment and a meticulous 

localisation of the area of ischaemia was mapped and studied functionally.  It was 

observed, however, that reperfusion of areas of ischaemic retina following anti-VEGF 

therapy did not improve retinal sensitivity in those areas at six months of follow-up. It 

is unknown when, exactly, irreversible loss of function occurs or when impaired 

function secondary to ischaemia could be restored in RVO. There is, thus, an urgent 

need to find therapies able to reperfuse ischaemic retina and to restore function, or at 

least preserve it from further deterioration. The work presented herein showed that 

other RVO lesions, as well as non-perfusion such as retinal haemorrhages, intraretinal 

fluid (IRF), and subretinal fluid (SRF) were also associated with reduced retinal 

sensitivity. However, resolution of these lesions following intravitreal anti-VEGF 

treatment resulted in a significant improvement of function at their site, though it did 

not reach the same function of the control eyes, suggesting that irreversible damage 

still occurred. Damage of retinal cells secondary to ischaemia in RVO would be 

expected if reperfusion could not be established in a timely fashion. Furthermore, 

damage caused by ischaemia-reperfusion may also contribute to structural and 

functional alterations.  Investigation of the effect of retinal ischaemia at a cellular 
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level and at different time points is required to find out how different retinal cells in 

inner and outer retina respond to the ischaemic insult and to reperfusion as well as to 

know when damage of each of the retinal cells types become irreversible. This is, to 

date, however difficult to achieve as available technologies, with rare exceptions [e.g. 

Adaptive optics scanning laser ophthalmoscopy (AO-SLO)] do not provide 

information at a cellular level.  Functional technologies, such microperimetry and 

ERG, and structural technologies, including OCT, OCT-A, and FFA, as used in the 

longitudinal study presented here, still do provide important and relevant information 

and, thus, larger studies following patients for even longer periods of time would be 

very informative. Evaluating the choroid and the retinal pigment epithelium (RPE), 

and not just the neural retina, at sites of retinal ischaemia may provide also insight as 

to whether or not these layers are affected directly or indirectly by potential 

compensatory mechanisms in RVO. The health of the choroid and RPE is essential for 

photoreceptor function. Technologies available to evaluate the choroid and RPE, 

include enhanced depth imaging OCT (EDI-OCT), OCT angiography (OCT-A), 

indocyanine green angiography (ICG-A), fundus autofluorescence (AF) imaging, and 

also SD-OCT. AO-SLO can be used to evaluate the photoreceptors and RPE at areas 

of ischaemia, in addition to the above mentioned technologies, to understand how and 

when ischaemia affect these cells in RVO.  It should be noted, though, that imaging 

patients with RVO at onset is challenging (as shown with regard to OCT-A images in 

this thesis) and the ability of this technology to provide adequate information was 

limited by the marked retinal alterations result of RVO and, possibly, the external 

fixation method used to examine areas of the retina away from the centre.  

Experimental animal models of RVO, as presented in Chapter III of this thesis, 

demonstrating ischaemic features are available and have a role in further evaluating 
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pathogenesis, new diagnostic/ prognostic approaches, and new therapeutic options for 

this disease. 

6.2. Strengths and limitations 

6.2.1. Systematic reviews 

The strengths of the systematic reviews undertaken for the purpose of this thesis 

include the undertaking of a very comprehensive search for pertinent terms, 

meticulous data extraction and the establishment of clear inclusion and exclusion 

criteria for study eligibility.  The quality of the studies included in the systematic 

reviews, however, was not systematically assessed using validated tools and this 

could be considered a limitation as this may have had an impact on the conclusions 

drawn from them.   Studies on experimental animal models of RVO were thoroughly 

evaluated for several important pieces of information including species used, methods 

of inducing RVO and clinical and histopathological features produced. On the other 

hand, the changes on biochemical factors and molecular events in these models as 

well as the effect of treatments tested on them were not considered.   

Both systematic reviews include in this thesis were submitted to ophthalmic 

journals and underwent a peer review process; both were accepted for publication and 

have been already published (See Publications in the Appendix).  

6.2.2. Retrospective observational clinical study 

The strengths of this study included the thorough search strategy to identify eligible 

patients (electronic database and treatment log-books) seen throughout the period of 

study of 18 months as well as the homogeneous definition of iRVO, and the 

homogenous follow-up (12 months) for all patients included.  The multivariable 

regression analysis used to investigate potential factors determining functional and 
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structural outcomes could be also considered a strength of the study. Limitations 

include the retrospective study design and the fact that, although a large number of 

RVO patients was included, the number of cases with each form of RVO was 

relatively small, limiting its power and preventing an evaluation of outcomes 

following treatments other than intravitreal anti-VEGF. In addition, a higher number 

of patients in this cohort had the non-ischemic forms of CRVO and BRVO (~70%) 

which may have had an impact on the findings presented. The relatively short follow-

up (12 months) could be also considered a limitation of the study.  The retrospective 

study contained in this thesis was submitted for publication, underwent peer review 

and has been already published (See Publications in the Appendix). 

6.2.3. Cross-sectional prospective observational clinical study 

Although a pilot study, this was a study that evaluated in great detail a small number 

of patients with RVO in an attempt to determine correlations between retinal function 

(retinal sensitivity) and the various structural lesions of RVO including retinal 

ischaemia, retinal haemorrhages, intraretinal and subretinal fluid and retinal thickness 

as well as thickness of the GCL-IPL (ganglion cells layer- inner plexiform layer) 

inner retinal layer. The study was meticulously conducted to ensure areas investigated 

by the different functional and structural diagnostic technologies were at the exact 

same location.  Patients were evaluated relatively soon after the diagnosis of RVO 

(Mean± SD=4± 4 months; range 1-9 months) and prior to receiving any treatment. 

Furthermore, some were also evaluated longitudinally following treatment.  This 

allowed us to determine changes in retinal sensitivity occurring following persistence 

or resolution of RVO lesions.  This is, to my knowledge, the first and only study 

providing this information.  A customised grid of 8° x 8° was developed and used 

which was densely interrogated with regards to retinal sensitivity (81 points / 
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locations) and superimposed to images from the different structural technologies used 

in order to achieve a precise point to point correlation between functional and 

anatomical findings. The number of points with different lesions evaluated in the 

current study is greater than those previous studies, most of which tested patients only 

after they had received treatment.  This study, however, has also limitations including 

the small number of patients (10 patients at baseline and 6 patients at six months 

follow-up), the fact that only one time point in the follow-up was evaluated (6 

months) and the possibility that, despite the meticulous attempt to localise the exact 

same location and superimposed outputs from all different technologies investigated, 

errors are always possible with manual processing of data. Scales and proportions of 

the images extracted from the different technologies were not identical and could not 

be processed automatically (manual processing was meticulously undertaken but this 

could always be associated with a degree of error).  Furthermore, localisation of the 

SD-OCT and OCT-A test areas at the time of examination did not always cover the 81 

points/ locations studied with microperimetry, leaving some points/ locations with 

missing data and values.  Moreover, total retinal thicknesses and thickness of the 

GCL-IPL were only recorded in selected scans (18 points in each eye, 9 points of each 

scan) and not in all 81 locations.  Evaluation of each of the retinal layers individually 

on SD-OCT was not attempted.  The quality of the OCT-A images was not always 

adequate and evaluation of the superficial and deep vascular complexes, separately, 

could not be done. Lastly, the technology used to evaluate function of the retina, 

namely microperimetry, does not provide information on function on the various 

retinal layers independently. Nevertheless much data was collected, providing 

invaluable and novel information, and much was learnt about how to investigate 

correspondence between structure and function in this setting which can be shared.  
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6.3. Conclusions 

Ischaemia secondary to RVO is strongly associated with development of neovascular 

complications and poor visual prognosis. Prognostic parameters to differentiate 

patients who would develop extensive areas of ischaemia from those who would not 

is still to be explored.  Available current treatments target the complications of RVO 

and are being used clinically for both ischaemic and non-ischaemic RVO, although 

data from RCTs refers only to the latter group of patients. In fact, intravitreal anti-

VEGF, in particular, proved to be as beneficial in ischaemic forms of RVO as in non-

ischaemic forms. However, due to the low baseline vision classically found in the 

ischaemic form, final vision remains lower than in non-iRVO despite significant 

improvement of vision achieved following treatment in most patients, suggesting 

damage of the retina that cannot be restored with current treatment. This information 

is useful for the counselling of patients with ischaemic RVO prior to initiating anti-

VEGF therapy.  Reperfusion of ischaemic retina was observed in very few cases 

following anti-VEGF therapy. Factors determining reperfusion are still unknown and 

need to be investigated. Restoration of function could not be seen in reperfused retina 

within six months of follow-up. A new treatment to reperfuse ischaemic retina before 

loss of retinal function occur is urgently needed as damage of retinal cells as a result 

of ischaemia in RVO may be irreversible, and this needs to be further investigated and 

better understood. Experimental animal models, although imperfect, are available and 

can be utilised to facilitate the understanding of this potentially blinding condition.   
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6.4. Recommendations for future research  

This thesis revealed several limitations/ deficiencies in the current knowledge of 

ischaemia secondary to RVO and identified potential areas of research for future 

studies, to better understand ischaemic RVO and provide superior therapeutic options 

for patients suffering from this disease. This thesis provides impetus for us and others 

to design studies to find prognostic factors for a poor prognosis in RVOs, especially 

in BRVO as this has not been investigated extensively as in CRVO. In addition, 

finding prognostic factors to identify RVO patients who would be more susceptible to 

development of extensive areas of ischaemia in both CRVO and BRVO is 

recommended. Investigating factors that determine reperfusion of ischaemic retina 

and understanding the mechanism of the reperfusion in RVO is also needed. It is also 

important to study the pathogenesis of ischaemia and evaluate the functional and 

structural effect of ischaemia in more depth on the different retinal cells and layers 

individually, as well as the RPE and choroid,  which may help in understanding how 

to preserve the retina from the ischaemic insult,. Using the available experimental 

animal models of RVO, or developing better animal models to overcome the 

limitations of the existing ones could facilitate this. Elucidating what is the best 

window of opportunity to achieve the best success with current therapies is important. 

Patient education and establishment of adequate patient pathways should be 

investigated in order to achieve the best possible outcomes with current therapies.  

Finally, the relation of ischaemic RVO, and its potential specific treatment, to quality 

of life should not be forgotten, as this outcome arguably gets closer to the patients’ 

day-to-day experiences. Ultimately all this understanding may lead to new clinically- 

and cost- effective therapies to reperfuse ischaemic retina before irreversible retinal 

damage occurs.
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