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Abstract

Retinal vein occlusion (RVO), including central (€8), branch (BRVO) and
hemicentral and hemispheric RVO, is the second emsimon vascular cause of visual loss,
surpassed only by diabetic retinopathy. The presand extent of retinal ischemia in RVO
is associated with a worse prognosis. On thissbasbst previously conducted studies
considered iIRVO and non-iRVO as separate entitsgdb on set thresholds of existing
retinal ischemia, as determined by fundus fluoresaegiography (FFA). Other diagnostic
technologies have been used specifically in thiemihtiation of iICRVO and non-iCRVO.

To date there is not a fully accepted definitioniRVO. Some clinicians and researchers
may favor establishing a clear differentiation betw these forms of RVO; others may prefer
not to consider iIRVO as a separate entity. Whattweecase, retinal ischemia in RVO
confers a higher risk of visual loss and neovasadanplications and, thus, should be
determined as accurately as possible in patiertsthis disease and should be considered in
clinical and experimental studies. Most recendgaucted clinical trials evaluating new
treatments for macular edema secondary to RVQOydad none or only few patients with
IRVO based on previous definitions (i.e. few patsenith sizeable areas of retinal ischemia
were recruited in these trials) and, thus, it islear whether the results observed in recruited
patients could be extrapolated to those with rétsthemia. There has been scarce research
aiming at developing and/or testing treatmentgdtinal ischemia as well as to prevent new

vessel formation result of RVO.

This manuscript aims at providing the reader witletailed review on the knowledge
gathered over the years on iRVO, from controversregs definition and diagnosis to the
understanding of its epidemiology, risk factors pathogenesis, the structural and functional
effects of this disease in the eye and its comfiting, natural history, and outcomes
following treatment. In each section, the defomtiof iIRVO used is given so, independently

3



of whether IRVO is considered a separate clinioéitygor a more severe end of the spectrum
of RVO, the information contained herein will besfid to clinicians, to determine patient’s
risk, guide therapeutic decisions and counsel pitiand for researchers to design future

studies.



Keywords: Retinal vein occlusion (RVO); ischemic retinalveicclusion (iRVO); ischemic
central retinal vein occlusion (iCRVO), ischemiabch retinal vein occlusion (iBRVO);

non-perfused retinal vein occlusion; retinal padasretinal ischemia; ischemic retinopathy.



l. Introduction

Retinal Vein Occlusion (RVO) appears to be the sdanost common vascular cause of
visual loss, surpassed only by diabetic retinop&fhyObstruction of the retinal venous
system is a serious condition which may resultanastating complications including
irreversible blindnes§%1221%.253)C|assically, RVO has been divided into two maioess
based on the site at which the occlusion occurstr@eRetinal Vein Occlusion (CRVO) and

Branch Retinal Vein Occlusion (BRV&)P.

In CRVO, blockage of the main vein draining thermatthe central retinal vein,
occurs’*¥ In this type, the occlusion usually takes placerdehind the laminal cribrosa.
CRVO is the most severe form as it affects theremétina’***) BRVO is a blockage of
one or more retinal vein branches (tributaries)olwhypically occurs at arteriovenous
crossings’**¥. It can be major, macular or peripheral basecheraffected retinal region
(74119 Two other types of RVO should be considered, bpheric and hemicentral retinal
vein occlusion. In the literature, the terms hgrhesic and hemicentral RVO have been used
often as synonymous, with no distinction made betwtese two entiti€s>?*?) However,
hemispheric RVO and hemicentral RVO refer to dédferentities. Hemispheric RVO affects
half of the retina with the site of the occlusiarcorring at an arteriovenous crossing, like in
BRVO ®*+%6:10922%) 5 contrast, hemicentral RVO occurs in patieith a congenital
abnormality involving the presence of a dual treektral retinal vein; in these cases the
occlusion takes place at one of these trunks otdéiméral retinal vein and, on this regard, is
closer to CRV3**°¢19922) Herein, we will refer to hemispheric RVO in tBRVO section,
although with a clear statement that data preseefeds to hemispheric RVO, when data is
available. We will refer to hemicentral RVO in tB&VO section and, similarly, we will
clearly state that data presented refers to hertnadertinal vein occlusion. Data from

studies where no distinction between the two wagawdll be presented under the BRVO



section, given the fact that hemispheric RVO app&abe more common than hemicentral

RVO, but stating also clearly that distinction beém the two was not provided.

Each of these RVO types has been further clasgiitedschemic or non-ischemic
sub-types based on the area of retinal capillanyperfusion presefft®74109119.196.253)rpig
distinction is clinically relevant as the preseacel extension of the area of retinal ischemia
appears to have important prognostic and managemetfitations®%%%1%€) However, as
discussed below, there is no consensus on whetbrégshold of retinal ischemia should be
set to define iRVO. Determining the presence atdre of retinal ischemia in RVO is
important and agreement exists with regard toiteitr confers to patients with this vascular
disorder. Thus, it is essential that retinal isolzeis considered when phenotyping patients
with RVO and that patients with retinal ischemia arcluded in trials testing new therapies
for this condition. For example, many of the rébeconducted clinical trials on new
treatments for macular edema result of RVO didimctide or included very scarce numbers
of patients with retinal ischem|&:3"43:99.128.137.153.234 26 ahe.1). As a result, the benefit of

these treatments for this group of patients is tage(see section VIll. Management,

below).

The purpose of the work presented herein is, tHr@ugystematic review of published
literature, to provide the reader with current kfenge on iRVO, from controversies on its
definition and diagnosis to the understandingofigk factors and pathogenesis, the
structural and functional effects of the diseasthéeye and its complications, natural
history, as well as outcomes following current tmeents, their potential side effects and
limitations. In each of these sections, the dabfnibf iRVO is given so data can be

interpreted appropriately.



Il. Definitions

Many other terms have been used to refer to iR\6uding non-perfused, severe,
hemorrhagic, or pre-proliferative RVE. The definition of iRVO is controversial. Differen
authors have adopted different parameters to difteate iRVO from non-iRVO, making
comparison between studies difficult. For exampbteme have used a single test to define
ICRVO namely, fundus fluorescein angiography (FFA)
(2,6,18,37,38,45,65,85,128,137,153,177,207,22(222&42,248,264,29,5)e|eCtroretinography (ERG)
(2,131,155,162,170.190.199.313 - \sisyal acuity 0£20/200%?) whereas others have suggested the use
of a combination of tests for this purpd®e?19"2*)The most commonly used parameter to
differentiate ischemic and non-ischemic RVO haslibe area of retinal capillary non-
perfusion as determined by FIf_Gp&S,B?,SS,45,65,95,128,137,153,177,207,220,286222,242,248,264,29.5) Most
studies using FFA, determined the total area afiabtapillary non-perfusion by measuring

it and then dividing it by the optic disc area #&dcuilate the area of retinal capillary non-

perfusion in disc areas (DAJ®.

A. Ischemic CRVO
Commonly, ischemic central retinal vein occlusid@®RVO) is defined by the presence of
>10 DA of retinal capillary non-perfusion based dpaR®38128:137.226 240 5\yever, other
thresholds to define iCRVO have been used, sugh5aBA 3 or> 30 DA?*9, As stated
above, the risk of neovascular events appearstease with greater disc areas of non-
perfusion. In the Central Vein Occlusion Study @$) the risk of developing iris/ angle
neovascularization was found to be 16%, 36% and fs2%yes with 10-29, 30-74 and5
DA or capillary non-perfusioff’. For those wittr10 DA the risk was 28% and for those
30 DA the risk was 43%, with 96% of neovascular@s occurring during the first year of

follow-up ©.



The precision of determining the area of retingliay non-perfusion may be
enhanced by the use of newer and improved techiesloguch as wide angle-FFA (WA-
FFA) which allows a larger area of the retina (5206 be imaged; this corresponds to ~
82% of the entire fundus area in comparison todgtechFFA which is restricted to 30-55°
(274290.300) Eyen when each quadrant of the retina is iméyestandard FFA, the area of

retina visualized is not as extensive as that eeseoy WA-FFA.

An earlier study by Magargal and colleagues usedsthemic index to define the

ischemic status of the retina in CR\A®. The ischemic index (ISI) was defined as follows:

Ischemic index (ISI) = Area of non — perfused retina < 100
schemic index (IS1) = Total area of visible retina

As with the DAs, different ISIs have been usediftecentiate between iCRVO and non-
ICRVO. Magargal and colleagues defined non-iCR\WQGb IS| 0f<10%, intermediate

when ischemic index was 11-50%, and iCRVO when$hevas >50%'%%). Giuffre et al.

used an ischemic index 880% to define ICRVE?. It would be expected that the more the
retina visualized the more accurate the estimatheorea of retinal ischemia and, thus, wide

angle technologies would be preferred when evaigaiatients with RVO.

The relationship between the ISI and the presehoewar neovascularization of any
type [anterior segment (iris or angle) and/or pastesegment (retinal) neovascularization]
was investigated using WA-FFA and it was found #ratSI| of>45% was associated with
the presence of concurrent new vesS&fs(see section VI. Clinical Findings and Ancillary
Studies). The relationship between ISI and maadama was also investigated using WA-
FFA and it was found that an ISI of >10% was assedi with the presence of this
complication®® (see section VI. Clinical Findings and Ancillariu8ies). It is possible to

have a relatively low ISI but significant ischeni&olving the macul&’?.



None of the definitions discussed above take intesitleration the location of the
area of retinal ischemia (i.e. macula, midperiphergeripheral retina). The center of the
macula (fovea) is the area responsible for therakwitsion. Thus, it seems essential when
evaluating CRVO that the perfusion status of theutaas well as whether or not there is
preservation or destruction of the perifoveal dap#s is determined and considered, in
addition to the evaluation of the presence/absandeextension of ischemia in the
midperipheral and peripheral retina. Recentlyodtrced technologies, such as optical
coherence tomography angiography (OCT-A) may tatd| the gathering of this information

(see section VI. Clinical Findings and Ancillaryu8ies, below).

Some studies have utilized ERG as a single todiggnose iCRVO and determine
risk of neovascularization instead of FFA. It vadsserved that prolonged implicit times in
the 30 Hz flicker ERG (33.8-42 ms) appeared to beenaccurate than FFA in defining
iICRVO and predicting risk of neovascular complioa®®® (See section VI. Clinical
Findings and Ancillary Studies, below). It was segfgd that ICRVO should be defined by
an implicit time 037 ms in the 30 Hz flicker ERG in one stUtff*’® a very similar
threshold (>35ms) was proposed in another sttidy(see section VI. Clinical Findings and
Ancillary Studies, below). It was also reportedttimberocular amplitude difference of 23 pVv
and interocular amplitude ratio of 60% on 30 Hekéir ERG could be also used as cut-off
points to differentiate between iCRVO and non-iCRY® (see section VI. Clinical
Findings and Ancillary Studies, below). Other authlsave suggested that a reduction of the
b/a ratio on the scotopic ERG (mean + standardatiewi of 14.8+13 in uncomplicated
CRVO compared to 3.5 £2 in CRVO which developesl meovascularization) and/ or
photopic ERG (mean + standard deviation of 3+x2rncamplicated CRVO compared to
1.5£0.5 in those who developed iris neovasculdongis also appropriate to define ICRVO

(312) (see section VI. Clinical Findings and Ancillariu8ies, below).
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Hayreh and associates found no single test to ha0%o sensitivity and specificity
for the distinction between iCRVO and non-iCR{&. Standard FFA was informative in
two thirds of patients in the acute phase of tiseaé'®®. A combination of the following
six anatomical and functional tests was proposeddoyreh and colleagues to establish the

diagnosis of iICRVA'*
1. Visual acuity (VA) ok 6/60 (20/200).

2. Peripheral visual fields (VF) defects using H2e, 1-4e, and V-4e in the Goldmann

perimeter.

3. Relative afferent pupillary defect (RAPD)>0.9 log units using neutral density

filters (see section VI. Clinical Findings and Alteniy Studies, below).

4. ERG parameters: b-wave amplitude reductior@f®6 of normal mean value
(normal fellow eye) in photopic and scotopic ER&weell as b/a ratio reduction b¥0% for
photopic and scotopic ERG in the CRVO eye when @egbwith values of the fellow

normal eye.

5. Retinal capillary non-perfusion on FFA clasaifinto mild, when the area of
retinal capillary non-perfusion &30 DA, which carries a low risk of developing
neovascularization; and severe, defined by theepesof retinal capillary non-perfusion of

> 75 DA and which poses a high risk of developiegvascularization.

6. Extensive retinal hemorrhage and cotton wootsm the acute stage, and

disc/retinal neovascularization in a later stagthefdisease on ophthalmoscopy.

It was observed that the presence of a RAPD hakigihest sensitivity and specificity
for the diagnosis of ICRV&?#?®") Combining the RAPD with ERG findings it is pdssi

to diagnose up to 97% of cases of iCRVO in theaphase of the disealt!?®
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Other studies have used different combinationt@fabove tests to establish the
diagnosis of iCRVO, for example visual acuity, dkfields, RAPD, and ERE®; visual
acuity, RAPD and area of capillary non-perfusiorFéi ?* visual acuity, findings on

ophthalmoscopy and FF&*® and visual acuity, visual field and RAPE".

Clearly, there is variability on how the diagnosisSCRVO is determined; this should
be taken into consideration when appraising culremature on this disease. It may not be
possible to find an agreement among cliniciansrasdarchers with regard to how to define
ICRVO. However, if a consistent evaluation of pats with ICRVO were to be agreed and
used, including determining the minimum core outeameasures required for RVO studies,
this would allow for a homogeneous patient assessnmEne latter would facilitate future
comparisons among studies and meta-analysis, ildwemhance the understanding of the
disease and provide a more accurate identificatigghenotypes and estimation of their
prognosis as well as their response to treatm®uaggestions on this regard are proposed in

section IX, below.

Similar suggestions as those given to differeni@®VO from non-ICRVO were
proposed by Hayreh & Zimmerm&hi® to discriminate ischemic from non-ischemic
hemicentral RVO. These included inability to $@e, and defective or absent I-4 isopter in
Goldmann perimeter, extensive retinal hemorrhageaalarge number of cotton wool spots,

and > 10 disc areas of retinal capillary non-pédiusin the affected half of the retih.

B. Ischemic BRVO
Ischemic BRVO was defined by the Branch Vein OdolusStudy (BVOS) group by the
presence 0f5 DA of retinal capillary non-perfusion on stand&®@A®. This definition has
been widely used since by many investigaftrs-:226228:264.299) | the BVOS, 41% of eyes

with >5 DA of capillary non-perfusion developed neovaaagahtion during a mean follow-

12



up of 3 years. Some studies used the preserreBOdDA of retinal capillary non-perfusion
to define iBRVO“**5%") The risk conferred to patients with BRVO by haya determined
extension of retinal capillary non-perfusion (>5 DA0 DA or other) has not been

investigated as widely in BRVO as in CRVO.

There is no accepted definition and classificatbiBRVO or of ischemic macular
RVO. Like in CRVO, the area of retinal capillargmperfusion seems to contribute to the
risk of neovascular complications in patients vBRVO“®; other factors contributing to this
risk remain to be elucidated. As for iCRVO, fingioonsensus among clinicians and
researchers on a definition of iBRVO may be chaieg. An agreed standard evaluation
and characterization of these patients, howeveuyldhe the starting point and suggestions

on this regard are provided on this manuscript ¢eeéion 1X, below).

II. Epidemiology

RVO is a common disease with an estimated 16.4amidddults affected worldwid@.5

million with CRVO and 13.9 million with BRVO), baden a pooled analysis of population-
based studies from the United States, Europe, AsidAustralid®>?. Many population-
based studies have looked at the epidemiology dDR¥ich as the Gutenberg Health Study
of RVO @37 Beijing Eye study{?*?®, the Central India Eye and Medical Stitf?, Hisayama
Study™®, Beaver Dam Eye Stud{?”, and Blue Mountains Eye Stuffy), among others;
none of these, however, differentiated between iIRM@ non-iRVO. In general, these
studies showed that the prevalence of RVO variesdsn 0.40 - 2.204°61:142.157.237.323) it
BRVO being apparently more common than CRVO. Tleedence also varied between 0.2 —

2.3%, with BRVO having a higher incidence than CR¥AS"142157.237.323)
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A. Ischemic CRVO
In a hospital-based study by Hayreh, 1,108 RVOepédi (1,229 eyes) were studied and
classified into ischemic (22%) and non-ischemic%j8as defined by Hayreh'’s criteria
described above, section II: DefinitiodSY. It was found that 13.2% and 18.6% of eyes with
non-iCRVO at baseline convert to iCRVO at six aBchionths, respectivel§*?. During the
follow-up period of three years in CVOS, 34% of AGRVO converted to iCRVO (defined
as an area of retinal ischemia of >10 SA)t was reported that 67% of patients with iCRVO
have their first onset of the disease &5 years compared to 44% of those with non-iICRVO
with statistical significant difference between th® groups**?. Moreover, development of
the same type of RVO in the fellow eye was repome8l8% of patients with ICRVO in
comparison to 8.8% of those with non-iCRY. In a study which included all consecutive
new incident cases of RVO (557 RVO in total; 208m&RVO and 354 with BRVO)
identified between May and November 2010, whicHweded RVO secondary to diabetic
retinopathy or other ocular disorders, it was fothmatt 100% of CRVO eyes presented with

>5 DA of retinal capillary non-perfusion on FEX?.

Ischemic hemicentral RVO was reported in 31 out3f eyes (23.8%) in comparison
to 99 out of 130 eyes (76.2%) for non-ischemic loemiral RVO in a study by Hayreh et al.

which looked at the systemic diseases associatibctig various types of RVE?.

B. Ischemic BRVO
A population-based study in Korea found a very higle of iBRVO (96%) using a5 DA of
non-perfusion as definition for this dise&5®. In other epidemiological studies, data on

iIBRVO form, in particular, was lacking.
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V. Risk Factors

It is believed that RVO is a multifactorial diseasece more than one risk factor may
contribute to its pathogenesid. Most studies investigating the epidemiology asi r
factors of CRVO and BRVO did not differentiate beem ischemic and non-ischemic forms
(3,61,77,142,156,157,185,198,237,271,280,281,284299,323.) In general, risk faCtorS for bOth CRVO and
BRVO include increased age, hypertension, cardmyas disease, dyslipidemia, diabetes
mellitus and smokin{y 1 84142:157.198.237,247.329 55| ocular conditions, such as increased

intraocular pressure and glaucoma, have been fubd risk factors for CRVO

(5,61,84,142,157,237,247,323)

A. Ischemic CRVO
The Eye Disease Case-Control Study evaluated aighris for CRVO in 258 patients with
CRVO and 1142 controls, and differentiated betwiberrisk factors for iCRVO
(iCRVO=84) and for non-iCRVO (non-iCRVO= 148), with iCRVO defined by the
presence 0£10 DA of capillary non-perfusion on FFA. The ischerstatus could not be
determined in 26 patients. This study found incedasystolic blood pressure, increased
diastolic blood pressure, and hypertension asstiaith both iCRVO and non-iCRVO, but
with greater odds ratios for iCRV®. Cardiovascular disease, electrocardiographic
abnormalities (unspecified), increased albumin-gliobratio, increased seruai-globulin
level, history of treatment of diabetes mellitusl &ingh blood glucose levels were found to be
associated only with iCRV®. In another large study by Hayreh et'af, which included
143 patients with ICRVO (as defined by Hayreh’'sesta described above, section II:
Definitions) and 469 patients with non-ICRVO, aidéhypertension and diabetes mellitus

were significantly more prevalent in patients witiRVVO than those with non-iCRV&?).

In a small study including young individuals agedGyears with iCRVO (n=8)
(defined by either the presence of RAPD, visualtgctB/60, severe retinal capillary non-

15



perfusion on FFA (no definition of “severe” capiyanon-perfusion given), or iris/retinal
neovascularization) and non-iCRVO (n=17), end stagal disease was found in three
patients with iCRVO and hypercholesterolenfiidhalassemia, and hypertension were found,
each, in one patient with iCRWS. Due to the very small number of patients inctijdbe

role of these systemic conditions in young patievite iCRVO remains uncertain.

Only one study, conducted by Hayreh et al, evatuask factors for hemicentral
RVO and differentiated between ischemic and nohestc forms*?%. This study did not
find a statistical significant difference betwesnhemic and non-ischemic hemi-central RVO
in the prevalence rate of various systemic disesisels as arterial hypertension, ischemic

heart diseases, and diabetes mellitus among dtfi8rs

B. Ischemic BRVO
No studies were found providing information on raktors for iBRVO and non-iBRVO

separately.

V. Etiology and Pathogenesis

A. Etiology
The etiology of iRVO has not been fully elucidatédetinal vein can be occluded by
thrombosis or, less commonly, by inflammation (wdisis) (74), According to Virchow's
triad, venous thrombosis in general can developrigor more of three mechanisms: 1)
abnormal blood flow; 2) abnormal blood vessel andi®ormal blood componerit&>.
Retinal vein thrombosis is thought to develop bg ohthese mechanisms, namely, abnormal
blood flow due to compression from an abnormal @gha structure: the lamina cribrosa or an
adjacent retinal artefy***® In CRVO, abnormal blood flow is commonly due teaelated
sclerosis of the lamina cribrosa, through whichdésetral retinal vein passes, and/or a

hardened retinal artery result of cardiovasculaeaseS***® In BRVO, abnormal blood
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flow usually occurs at an arteriovenous crossinggne the artery and vein share a common
adventitial sheath, due to the degree of arteriouemipping caused by the arteriosclerotic
artery"**3) A much less common cause of retinal vein throrisieshought to be increased
blood viscosity and hyper-homocysteinefiigd 2413%431D A study by Lahiri et al. compared
the levels of plasma homocysteine in adultad® years old affected with ICRVO (n=108)
(defined by Hayreh’s morphological criteria desedhbn section II. Definitions, above), with
non-iCRVO (n=144) and age and sex matched heatthyyals'®®. Homocysteine level was
significantly increased in patients with ICRVO whaympared with that in non-ICRVO
patients and control subje¢t&®. Other reported potential associations includéciefcies of
the coagulation inhibitor proteins C and S andtargmbin Ill, whereas the role of reduced
levels of Factor Xll remains controversial with sestudies suggesting an association while

others do nof:?3160:278)

It is unclear why some patients with RVO develojmned ischemia whereas others do
not. Similarly, the factors determining the extensand location of the area of retinal
ischemia, if present, are not fully determined. diluesearch is needed to better understand

the pathogenesis of retinal ischemia in RVO.

B. Pathologic Mechanisms following Retinal Venous Thnmbosis and its
Clinical Consequences.
The severity of the RVO depends mainly on sitehefthrombosi§ . Once the thrombosis
has formed, the retinal blood flow decreases. Aesalt, the intravenous hydrostatic pressure
increases leading to a series of events that aifiage vascular endothelial cells, disrupt the
inner blood retinal barrier (BRB) and increase blleessel permeability which, in turn, will
result in retinal hemorrhages and edema througtheugxtension of the retina drained by the

occluded vein’+273:303)
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1. Macular edema
Macular edema is the most common cause of visyadimment in RVO and is a
complication of both ischemic and non-ischemic fermh RVO®4*845243) |ncreased levels
of serum albumin in the aqueous humor have beatiet in ICRVO, reflecting the
breakdown of the BREB?. Fluid accumulates in the extracellular spacekiwithe retina
disrupting its normal anatomy and possibly leadogetinal neural degeneration by
mechanical compressidi*#82°03%) Chronic macular edema may damage glial (Muller
cells) and retinal pigment epithelial (RPE) céilsther reducing retinal fluid clearance
(34.35.230) Flyid usually accumulates within the macula itharacteristic cystic pattern, known
as cystoid macular edema. In severe retinal edeewasipsensory retinal detachment may also

occur which may indicate the additional breakdomthie outer retinal barriéf),

It has been suggested that intracellular retinah®plays a role in the pathogenesis
of ischemic retinopathi€d®, but this has not been extensively studied for@Rahd remains
less well understood. In this regard, it is likétat Muller cells are implicated in the
pathogenesis of iRVE®. Muller cells normally transport water and satinfr extracellular
spaces into the retinal capillaries of the innénee In an experimental study in which BRVO
was induced in rats, a decrease in potassium dsraga an altered distribution of water
channels, namely the Kir4.1 protein, were obsemedduller cells resulting in an increased

size of their soma and cellular swelling under hgsmotic stress, altering their functiGf.

Macular edema in RVO often shows a diurnal varrgtwith edema being worse in
the morning and improving late in the day; thigte$ to the fact that, during sleep, nocturnal
hypotension occurs resulting in a decrease in bftomdand an increase in intravenous

pressure and, as a result, an increase in edem@jRe by Hayreh{:*®11%
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2. Retinal capillary non-perfusion
The increased intravenous hydrostatic pressureraagudollowing an RVO leads to a
decrease in the retinal capillary perfusion or, whevere, to capillary non-perfusigrf.
The capillary perfusion depends on the pressuferdiice between the artery/arteriole and
the vein/venule proximal and distal to the capyllaetwork respectively; when the pressure
difference decreases, the capillary perfusion déseaseS®®. As a result, insufficient
oxygen reaches the retina leading to retinal isch@md hypoxia; carbon dioxide and other
metabolites cannot be adequately washed out anuradate in the affected part of the retina
causing cell damage. Ischemia in CRVO is often nsekeere than in BRVO, as the area of
the retina affected is more extensive in the formeen compared with the latter. Not all
patients with RVO, however, develop retinal ischeeamd in those that do, the extension of
the area of ischemia can vary considerably; thearsfor this remain poorly understood
(26181 |n humans, it has been postulated that bloodimally shunted between the
collaterals of arterioles and venules in the fargberal arcades. It is believed that these
peripheral arcades are poorly perfused, as thayreeqjigh perfusion pressure to push blood

through them, making the peripheral retina moresisige to changes in blood flot#?.

3. Retinal and vascular cell damage
Retinal hypoxia secondary to RVO causes loss ofaktapillary pericytes and damage to
mural endothelial cells which leads to their apsg@nd capillary degeneration, as reported
in experimental studies on BRW¢9126.127:32D schemia damages the different layers of the
neurosensory retina causing them to lose theispramency and leading to visual loss.
Ischemia results in cell death, by necrosis anaipoptosis, of ganglion, amacrine, bipolar,
and Muller cells and loss of their function as shawanimal studie§*10010%:126.159.238)

Although photoreceptors receive their blood sumbliefly from the choroid, photoreceptor

cell loss/damage may occur in patients with macedma secondary to RVO; the damage
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may persist even after resolution of the edemas s been documented using OCT in eyes
with BRVO in which the perfusion status was notedetined®'’?*%®and in eyes with
ischemic and non-ischemic CRV&®2%®) Similar findings were observed in an experimental
study on monkeys in which RVO was induced by Iggmtocoagulation; loss of
photoreceptors was detected distal to the siteebtclusion in histopathological studies of
eyes enucleated 48 months after RVO inducfith An association between the integrity of
foveal photoreceptors and the final visual acuafigr resolution of the macular edema, has

been reportef*’?*°2%8) The mechanism of photoreceptor cell loss in iR¥&till unclear.

The ganglion cell layer (GCL) and nerve fiber lagldFL) of the retina, sensitive to
acute and mild hypoxic distress, are believed tthbdirst layers affected in iRVO, which
are lost in severely ischemic ca$887%3?2) Experimental studies showed that damage to the
inner retinal layers may occur within one to thneseks following occlusiof(°*?? Both
apoptotic and necrotic changes have been repartgarniglion cells in experimental models
of ICRVO and iBRVO"%%??) |n CRVO, GCL loss is significant in both centaaid
peripheral retina, whilst in BRVO GCL loss is sificant only in the peripheral retirf%?.

The reason behind this characteristic pattern isiear®??. Clinical studies suggest that,
regardless of the duration of IBRVO, RGL and NFgpdiay significant thinning when the
disease is presefft”™ Lu and Zzand'’® studied the effects of retinal ischemia on retinal
NFL in 53 patients with RVO [CRVO=20; hemicentraV@ (no definition given) =4,
BRVO=29). The definition used for ischemic CRVOsnhat proposed by Hayreh et &®
NFL defects were found in 75.5% of patients; theyewsignificantly more in eyes with
cotton wool spots and capillary non-perfusion aigdiicantly more severe in ischemic eyes

than in non-ischemic ey&<®),
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4. Collateral vessels and neovascularization
Excessive amounts of Vascular Endothelial Growtttéta VEGF) (see below) secondary to
IRVO appear to play a major role in vascular rentiodeand development of collateral
vessels and neovascularizatfdrf2312%2) Collateral vessels develop in eyes with RVO as a
compensatory response to venous occlu§foin®191:235256.275.28930q o gy ascularization is a
characteristic feature of iRVO, often leading tsual threatening complications including
neovascular glaucoma, vitreous hemorrhage anddnattretinal detachment (See section

VI. Clinical Findings and Ancillary Studie§y!7119122.134.19)

t has been reported that
aqueous and vitreous VEGF concentration is sigaitiy higher in iRVO than that in non-
iIRVO (143211-213) yEGF |evels of 849-1569 pg/ml have been assatiatth the presence of

neovascularization in iCRVO (normal values estirdat850 pg/mlf*2.

5. Inflammatory, angiogenic and hypoxia induced fagtor
Many inflammatory, angiogenic and hypoxia-inducactérs are produced and released in
response to retinal ischemia, leading to furthBnaédamage. These factors have been
detected in vitreous, aqueous and/or serum aneMeelito play a major role in the

complications related to RVO (summarized below).

a. Vascular endothelial growth factor (VEGF)

VEGF is the most studied cytokine in the pathogsnafsiRVO 3223123230 is currently a
therapeutic target of RVO treatmefits®®43:45:46.58.79.128,167,215,243.244.28FF G s an
inflammatory, angiogenic and permeability factanguced by many cells, including vascular
endothelial cells, pericytes, retinal pigment eglittm (RPE), Muller cells, astrocytes, and
retinal ganglion cell§®%. Excessive production of VEGF secondary to iRV@Hfer

increases vascular permeability and worsens redimdimacular edema. VEGF along with

other cytokines leads to increased adhesion oblgyiks to the vascular walls worsening
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blood flow and retinal ischemf&**” High levels of VEGF and IL-6 correlated with hot
the severity of macular edema and the extent ofaleschemia in patients with CRVO and

BRVO [Reviewed by Karia, 20161*".
b. Other factors

Other factors including Intercellular Adhesion Malée-1 (ICAM-1), Monocyte Chemotactic
Protien-1 (MCP-1), basic Fibroblast Growth FactdfGF), Interleukin 6 , 8 & (IL-6, IL-

8 & IL-1pB), Erythropoietin (EPO), Tumor Necrosis Factoff NF-o), Placental Growth
Factor (PGF), transforming growth factor (TGF)-ldetaatrix metalloproteinases (MMP)-2
and -9 and serum amyloid A (SAA), Nitric Oxide (N&@yong others, have been reported
also to play a role in the pathogenesis of theasth form of RVO and the associated

neuronal cell death occurring within the retifr£?83133:143.144,172,205.224,269,302)

As outlined above, the pathogenesis of IRVO is dempAlthough insight has been
gained over the years, further research is stdted to help us to understand why dropout of
retinal capillaries occurs in some but not all egscted with RVO as well as which factors
determine the extension of this capillary loss.epening our understanding on how different
types of neuronal and non-neuronal cells in theaetncluding RPE, react to ischemia
secondary to RVO and, crucially, how long it takasthe ischemic insult to cause
permanent and irreversible damage beyond whiclapleertic intervention may not be
beneficial should be sought. Animal models of R\® available to study its pathogenesis;
these models have been used to improve the undénsgeof this condition and have shown

their value on this regaff*®.
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VI. Clinical Findings and Ancillary Studies

A patient with iRVO typically presents as an elgiendividual with unilateral sudden blurred
or deteriorated vision, and may seek care anywinene a few days to several months after
the onset of sympton%“). The affected individual is usually known to hares or more risk
factors for RVO most commonly arterial hypertendioliowed by dyslipidemia, glaucoma
and/or diabetes mellity¥ (see section IV. Risk Factors, above). The comdit usually
painless unless it is complicated with neovasagliancoma in which case the increased
intraocular pressure is often accompanied of sevaire® %%, Visual symptoms of iRVO are
usually more prominent in the morning as the patieakes up*'® (see V. Etiology and

Pathogenesis section).

A. Visual Acuity
In general, visual impairment is more severe in@an in non-iRVO and more severe in
iICRVO than in iBRVO\!7 11919233 gast_corrected visual acuity varies widely intbot
CRVO and BRVO depending on the presence/absencexaadsion of central macular
involvement, including non-perfusion, edema anthatthemorrhage as well as whether
vitreous hemorrhage or retinal detachment are pte$be visual acuity is usualls20/200
(6/60) in iICRVOW107119.19%Y8504 of patients with iCRVO have vision €f20/200 at
presentatioft'?)]. A study by Hayrelet al showed that a visual acuity ©6/120 at
presentation has the highest sensitivity (91-108#4) specificity (78-88%) as a cut-off point
of visual acuity for the differentiation betweerREZO and non-iCRVA'*®. The Central
Vein Occlusion study group (CVOS) reported thatrtiedian visual acuity in patients with
iICRVO at baseline was 20/400 with 79% of iCRVO mawisual acuity 0£20/125®. In
hemicentral RVO, visual acuity at presentation w2@8/40 in all eyes (10/10) with ischemic
hemicentral RVO when compared with 47% (27/57)y&sewith non-ischemic cas&s”. In

iIBRVO, visual acuity is<20/70 in ~35% of casé® and<20/60 in ~82-89% of cases of
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ischemic macular BRVE®?%)(see VII. Natural History section, below). Visaaluity at
baseline is believed to be one of the most impopargnostic factors in patients with RVO,

with better final visual acuity in patients withtte visual acuity at presentatféf

B. Clinical Findings
The diagnosis of IRVO is usually established bydusiexamination. In general, findings on
fundus examination are similar in iIRVO and non-iR\lDt often more prominent in iRVO.
The affected retina typically looks edematous wiithted, engorged, tortuous retinal veins
and flame-shaped and dot-blot retinal hemorrh&§é¥’ Specifically, the ischemic form of
RVO can demonstrate cotton wool spots, which refieeal infarcts within the nerve fiber
layer and anterior or posterior segment neovadeal&on in more advanced stages
(74.179.196.253) Marked and extensive intraretinal hemorrhagesvary suggestive of the

presence of iRVO.

In ICRVO retinal hemorrhage and other fundus figdimvolve the entire retina. It
has been reported that the presence of hemorrivagese than one-fourth of the posterior
retina has 81-84% sensitivity and 72-74% specififiit detecting iCRVG'?),
Neovascularization secondary to ICRVO can deveidphe iris, angle, optic nerve head or
retina®®?. In iCRVO the neovascularization is more commothimanterior segment, which
can be observed using slit lamp and gonioscopimeation®?? than in the posterior
segment (see section VII. Natural History, belovijreous hemorrhage and neovascular
glaucoma can develop. The incidence of neovasgldaccoma in eyes with pre-existing
glaucoma was found to be significantly higher inn@Rpatients with intraocular pressure
greater than 20 mmHg at presentation as well patients with iCRVO compared to those
with non-iICRVO®?. Optic disc edema in iCRVO is more marked andga@eger to resolve
than in non-iICRVG'®). Moreover, macular edema is often more sevei@RVO than in
non-iCRVO™® and macular RPE degeneration, serous macularhaeéat and retinal
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perivenous sheathing develop also more commorniigRv0O 9. Optociliary vessels have
been reported in about 30% of patients with CRV@aeut a statistically significant

difference between ischemic and non-ischemic fdtths

In IBRVO, the retinal hemorrhage and other fundndihgs are confined to the
affected retinal quadrant or mact¥?*®. Unlike iCRVO, neovascularization in iBRVO
involves the posterior segment, retina and optigenbead, more commonly than the anterior
segment, iris and anterior chamber aftjfd (see section VII. Natural History, below).
Neovascular complications can be detected by dimigamination and with the help of
ancillary studies in patients with iBRVO (see saas$ VII. Natural History, and C Findings

on Ancillary studies, below)

C. Findings on Ancillary Studies
Ancillary studies, including functional, structueataminations and patient reported outcomes
(PROs) can be undertaken for the investigatioratiepts with iRVO. Some of these studies
are routinely used in clinical practice, such ag\RRd spectral domain — optical coherence
tomography (SD-OCT), whereas others, although widsé&d for the purpose of research,
such as visual fields, microperimetry, electroregiraphy, oximetry, flowmetry, ocular
surface temperature, ophthalmodynamometry, and PR@Dsommonly performed in the
clinical setting to assess patients with RVO. Thay be due to their impracticality, being
time consuming, needing more patient cooperatiafixation, requiring specifically trained
technical staff to obtain them or due to their waikbility, high cost, insufficient value to
guide patient’s care, and/or underestimation af tiieefulness. It may be attributed also to
the lack of evidence through robust diagnostic esmustudies evaluating and comparing
these different technologies and providing inforimabn cost-effectiveness and patient
acceptability and preference, which, if availameuld guide clinical practice. This level of
evidence is indeed not available for any of thgastic technologies used. Values obtained
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using some of these diagnostic tests that have figgyested to aid in the differentiation

between ischemic and non-ischemic RVO have beemsuired in Tables 2 and 3.

1. Functional tests

a. Pupillary Examination

Pupillary examination, specifically the presenca ®APD appears to be extremely helpful
in differentiating between iCRVO and non-iCRVO; tiresence of a RAPD points to the
diagnosis of iICRV@*1123197:245.287) T4 yndertake this test, filters with differemsities
measured in log units and ranging from 0 to 3.0upis can be used to grade the severity of
the RAPD®*). The swinging flashlight test is performed witleieasing density of the filter

in front of the healthy eye until RAPD disappe@r8. The eye with the RAPD is first
identified. Then, filters of known densities araqgdd over the not affected eyes until the two

eyes are equal (until there is no asymmetry opthgillary reactivity to lightf?®”.

It was found that the mean RAPD value in non-iCRW&s 0.24 + SD 0.36 log units
of neutral density filters, whilst that in ICRVO wa.44+0.64 log unité®®. The comparison
between iCRVO and non-iCRVO showed a statisticgitipificant differencé>®. A study
by Servaiset al showed that all eyes with ocular neovasculawraéind/or extensive
capillary non-perfusion had RAPD ®fl1.2 log units using neutral density filter, whilene
had a RAPD <0.6 log unifé®”. A RAPD of> 0.70 log units when using a neutral density
filter as a cut-off provided a sensitivity of 88%daspecificity of 90% to diagnose iCRVO
and a RAPD> 0.9 log units provided a sensitivity and spedifi@f 80% and 97%,
respectively'?>). A different study reported that RAR®.6 log units had a sensitivity of

83% and specificity of 70% for identifying patientith iris neovascularizatiofi®.
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Pupillary examination is non-invasive and, as sunwad above, appears to be a very
useful test to differentiate between iICRVO and ©ORVO. This test is non-invasive, cheap
(the neutral density filters can be purchased 880}, easy to undertake, gives reliable
information even in the presence of hazy media, reaggnize the disease (iICRVO) at an
early stage (within days of onset) and is posithreughout the course of the dise4&°"
However, the test requires a normal optic nervepargil in the fellow eye and, in the
presence of a large central scotoma, a RAPD maydsent even in the absence of ICRVO
(123 Despite the advantages mentioned above, testirRAPD does not seem to be a
routinely used test in the evaluation of patienth \ERVO. It would seem important to
introduce this test to clinical practice as it wsbabntribute towards the identification of
patients with the ischemic form of the disease ateoclearly at higher risk of visual loss as

well as development of severe complications.

b. Visual fields (VF)

Assessment of visual fields for peripheral retiinaiction using perimetry has been suggested
to be a helpful tool in differentiating between (28 and non-iICRVG*?®. with the
Goldmann perimeter and I-2e, I-4e, and V-4e stinwiiual field defects were described in
the majority of iCRVO patienté?. Visual field defects were detected with the IsBenulus

in 100% of patients with iCRVO, with the I-4-e i6-:400% and with the V-4e in 71-82%
during the first year of the disease. In contrasing I-2e, I-4e and V-4e stimulus visual field
defects were present in 54-78%, 38-48% and 12-1f78yes with non-iICRVA'?. The
sensitivity and specificity of identifying iCRVO i the I-2e stimulus was 92% and 72%,
respectively. The sensitivity and specificity otelging iCRVO with the I-4e stimulus was
95% and 84%, respectively, and 81% and 79%, reispctfor the V-4€'?®), Significant
differences between iCRVO and non-iCRWe@re observed throughout the whole first year
following diagnosis*®®. Automated perimetry, which is the standard testucurrently in
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clinical practice (the use of Goldman perimetry hasn abandoned in most eye clinics) has

not been used for differentiating between iCRVO aad-iCRVO.

In eyes with macular BRVO central visual field deeare often detected; major
BRVO presents with a peripheral field defect cqumexling to the affected retinal quadrant
(3% The visual field defects on central 10-2 Humphpesimetry are more prominent in
cases of iBRVO than in non-iBRVO and can becomelabes scotomas in long-standing

iBRVO (139

Visual field testing is time consuming and requipasient’s cooperation and adequate
fixation, which may be difficult for individuals wh poor vision making it unpractical for the
testing of all patients with RVO. Indeed, visuald testing is not commonly used for the
evaluation of patients with RVO in the clinicaltsgg and it would not be probably

recommended with the goal of differentiating betweshemic and non-ischemic forms.

c. Microperimetry

Unlike visual acuity, which only assesses the fiomcof the fovea, microperimetry
evaluates the function of the entire macular regiot, on this basis it could potentially

provide important information on the evaluatiorpatients with iRVO.

Nomaet alcompared macular sensitivity in patients with iGR¥h=6) and non-
ICRVO (n=4) and found that mean macular sensitiwi&g lower in iCRVO when compared
with non-iCRVO, with mean sensitivity values of B dt 4°, 1 dB at 10° and 2 dB at 20° in
ICRVO when compared with 8.25 dB at 4°, 12 dB &t d@d 13 dB at 20° in non-iCRVO
@97 " In a study including 41 consecutive patienthwitilateral BRVO, it was found that the
mean macular sensitivity within the 10° and 20fdsewas significantly correlated with the
area of non-perfusion as observed on FFA, withdrghacular sensitivity in eyes with

smaller areas of non-perfusi6fi”. Similarly, in another study by Rodolé al which
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included 20 patients with CRVO and 40 with BRVO,aular sensitivity at Bwas
significantly influenced by the presence of macigahemia, with lower sensitivity in

patients with macular ischemia when compared tedwath no macular ischemia on FFA

(251)

Microperimetry may be a useful tool to assess naa@dnsitivity following
treatments of macular edema secondary to RA3% In a study including 23 patients with
macular edema secondary to RVO, Noma and colledguesd that although at baseline
there was a statistically significant lower macwgansitivity within the central 4°, 10° and
20° fields in eyes with iIRVO compared with thoseéhamon-iRVO, higher recovery was

observed in iRVO eyes following treatment with pplana vitrectomy?°®.

At present, there is scarce data in the literadieraonstrating the value of
microperimetry as diagnostic or prognostic testtfi@ evaluation of patients with iCRVO
and iBRVO and, thus, it would not be required noety for the clinical evaluation of patients

with RVO.

d. Electroretinography (ERG)

Findings on full-field ERG have been used to def®@VO in many studies and have been
shown to be a good tool to differentiate betwedRVYO and non-iCRVO, as well as to
predict the risk of iris neovascularization andveszular glaucoma (see section Il

Defin itions, above5113'123'130'132’139'154'155'161'169’170'190'199335).

It has been reported that the implicit times of308eHz-flicker electroretinograms
(ERGSs) are significantly correlated with the degoéectinal capillary non-perfusion in eyes
with CRVO (139:154155.169.170) Ly arfner and associates, in a study includingaéents with
CRVO, reported that 75% of those with an impliciie¢ of >37 ms of the 30Hz flicker ERG

developed neovascular complications during a folilgmperiod of one year when compared
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to 7% of CRVO patients with an implicit time €87 mst*?°. Kjeka and colleagué¥®

found the mean implicit time of the 30 Hz flickeRE in patients with iCRVO at baseline to
be 39.8 ms (range 35.0-43.9) and suggested a tpoiot of>35 to define ICRVO™®. Kuo
et al *®?retrospectively studied 30 Hz flicker ERG in iCR\{@=11) and non-iCRVO
(n=11) and reported that in ICRVO, the mean amgétwas 24V (+ 151V SD) in affected
eyes and 94V (x 38uV SD) in fellow eyes, while in non-ICRVO, the meamplitude was
791V (+ 25uV SD) in affected eyes and @V (+ 18V SD) in fellow eyed'®?. This study
showed that an interocular amplitude differenc2®fiV and an interocular amplitude ratio
of 60% were very good cut-off points to differetgiaschemic from non-ischemic CRVO

with a sensitivity and specificity of 100% for eanhthese measuré$? (Table 2).

It was found that in ICRVO, the b-wave amplitudel &ime b:a ratio are reduced by
>60%, when compared to unaffected fellow %8 Hayrehet al found that, for both,
photopic and scotopic ERG, the b-wave amplitudeahaensitivity of 80-90% and a
specificity of 70-80%, and the b:a amplitude ratisensitivity of 60-70% and a specificity of
70% during the early acute phase (59% of cases&weal within the first 3 months from
onset) for the diagnosis of iICRVE®. Williamsonet al ©'? found that the b:a ratio of the
photopic ERG appeared to be the best predictarsof@ovascularization in patients with
CRVO with a sensitivity of 87.5% and specificity 8% (Table 2). It was reported also that
a photopic b-wave amplitude of 56 puV gives a seiiitof 87.5% and specificity of 86% to
discriminate patients at risk of iris neovasculatian, while 76 pV gives a sensitivity of

100% and specificity of 6698,

Serial full-field ERG testing, obtained within lets&n 24 hours after the onset of
symptoms and every second to third day duringiteethree weeks of follow-up and during
a period of six months, showed that the ERG in eajith CRVO changes over time and is
unstable during the first three weeks. As a regullas recommended that the optimal time
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to perform ERG to predict development of iris nesmedarization in patients with CRVO is

after three weeks from the onset of sympt&its

Comparison between FFA10 DA of capillary non-perfusion) and full field ER(b-
wave implicit time in the 30 Hz-flicker ERG >37 nig)32 patients with CRVO who were
followed for at least one year showed that irisvasgularization could be predicted in 82%

of patients using FFA, but in as high as 94% usitidield ERG ¢®).

In a prospective cohort study including 25 consgeypatients with hemicentral RVO
six (24%) developed retinal/disc neovascularizaBet? months following RVO ons€&t?.
The mean photopic b-wave implicit time (xSD) was7321..3 ms (range: 36.4-39ms) in
people that develop neovascularization when condpaith 34.0+4.6 ms (range 31.8-36.2)
in those that did ndt*®. This study did not classify patients into ischemnd non-ischemic

forms %0,

A study conducted in 62 patients with cystoid maceldema secondary to BRVO
found that the implicit time of the photopic negatresponse of the photopic ERG was
significantly correlated with the area of non-pe#dd retina (mean 44.3+SD 3.2 ms in BRVO
vs mean 41.9+ SD 2.2 ms in unaffected fellow é3/8) However, there was no significant

correlation between other photopic full field ER&@meters and the area of non-perfusion

(206)

Multifocal ERG has been used also in the evaluatfgmatients with RVO
demonstrating local macular retinal dysfunctibif?. The implicit times of the multifocal
ERG are prolonged in ischemic macular BRVO (defibgd break 0$50% of perifoveal
capillaries) (n=13) (31 £ SD 2 ms) compared with tton-ischemic form (n=12) (29 £ SD 2
ms) 32 and the amplitudes are reduced (ischemic maci®RM@10 + SD 6 nv compared

with non-ischemic cases 19 + 13 (. Similar findings was observed by Abdel-Kader et
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al” in which macular ischemia was defined brokenfpeeial ring. Clear cut off values in
any of the parameters of the multifocal ERG thatl@dde used clinically to differentiate

between iBRVO and non-iBRVO are not available.

Full field ERG is a non-invasive diagnostic teclogy that, as summarized above,
appears to be very informative in the evaluatiopatfents with RVO specially to distinguish
those with iICRVO at higher risk of developing nessalar complications. However, full
field ERG is time consuming and requires equipnaet trained staff able to undertake and
interpret its results. Likely, for these reasoii, field ERG is not obtained routinely in
clinical practice for the evaluation of patientamwiRVO. New handheld ERG devices, which
are easy to use and interpret and which have afloaduced testing time, should facilitate

the introduction of the use of ERG more routinelylinical practice>'®).

e. Oximetry

Few studies have been conducted evaluating theeoxgaturation in retinal vessels using

oximetry; this test has been suggested to be okvalthe assessment of patients with RVO.

It has been shown that in eyes with CRVO the orygguration in the retinal
venules is lower than that in fellow unaffected=y&'%) whereas in retinal arterioles, it is
similar to or even highét®. Specifically, in iCRVO the oxygen saturation viitithe central

retinal vein appears to be significantly lower (¥than that in healthy eyes (60-70%5Y.

In a prospective controlled interventional studyygen partial pressure (PO2) was
measured in patients with iCRVO (n=6) and in thwil macular hole or epiretinal
membrane (n=6), which were used as conffdfs It was found that in iCRVO the mean pre-
retinal and mid vitreous cavity PO2 was lower (8.2D 3.5 mmHg and 19.8 £ SD7.3
mmHg, respectively) than that in controls (15.02%7 mmHg and 33.7 £ 12.8 mmHg,

respectivelyf**¥,
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Oximetry has been used to evaluate the resportkerapy in RVO (e.g. following
anti-VEGF treatment and vitrectom¥§>2%3*) Oxygen saturation in retinal veins of non-
ICRVO eyes was found to be improved to levels aglés@ormal values after anti VEGF
treatment and this increase was associated withoweg visual acuity and reduction in
macular edem&®®. No studies were identified evaluating oxygemsgton in retinal

arteries and veins in eyes with iCRVO followingatraent.

Oxygen saturation in BRVO appears to be highlyalag in both iBRVO and non-
iIBRVO, which may reflect severity of disease, degoévenous occlusion, recanalization,

collateral vessels, tissue atrophy, arteriovendifissibn or vitreal transport of oxygen

(104,178)

Further studies, specifically longitudinal cohdudies, are required to better
understand the correlation between changes in oxggeiration in retinal blood vessels and
disease severity and prognosis. Prospective lotigial studies evaluating the ability of
oximetry to identify patients with iRVO at risk deéveloping neovascular complications, as
well as changes in oxygen saturation occurringfaithg treatment that may predict a long-
term treatment response and improved outcomes veulieneficial. The use of oximetry in
clinical practice is not yet widespread; howeverpaimetry is a simple, fast and non-
invasive test requiring only imaging of the fundiigould be easily introduced to clinical

practice once its clinical applicability in the dvation of patients with RVO is demonstrated.

f. Retinal blood flow

Retinal blood flow can be estimated using vari@chhologies including color Doppler
imaging (CDI), laser doppler flowmetry and dopdlaurier-domain optical coherence
tomography (OCT}!"+18:20:26.282.296.307.310 hag heen suggested that measures of blood flow

are helpful in evaluating the severity of RVO arifiedentiating between iCRVO and non-
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iICRVO 718 although at present time the usefulness of éuisrtology to establish this

differentiation remains controversfaj-26:296:310)

Venous flow velocities were found to be signifidgnower in iCRVO than in non-
iICRVO 7:262%) Tranquaret al reported that means of minimum and maximum venous
flow velocities using CDI were statistically sigeéntly lower in iCRVO (n=18) (1.83 £ SD
0.94 and 2.94 + SD 1.34 cm/s, respectively), timamon-iCRVO (n=50) (2.28 + SD 0.73 and
3.66 + SD 1.19 cm/s, respectivef§}®. Using CDI, a brief decrease in arterial diastolic
velocity was measured in patients presenting VBRVYO, which correlated with
arteriovenous passage time on FEA The impairment in venous blood flow velocity in
CRVO was found to be persistent whereas the chandbe arterial velocity recovered
rapidly *”. Using a confocal scanning laser doppler flowmeievaset al “® found that
the blood flow of the supero-temporal retina (ohéhe areas selected for the measures of
blood flow) was statistically significantly lowen patients with iCRVO (n=12) than in fellow

eyes or eyes of healthy volunteers, whereas itneésignificantly different at the macula

(18)

A study which included 10 patients with ischemiccolar BRVO found a statistically
significant reduction in the overall retinal blofhdw when compared with healthy controls,
as measured using the Heidelberg retinal flowm@t&F), in most patients tested (n<#y.
Other studies including patients with iBRVO and iBRVO failed to identify differences in
blood flow between RVO and fellow unaffected eybsse studies did not provide separate

data, however, for iBRVO and non-iBRV&2%)

At the present time, literature is still scarcetlom potential benefits of using measures
of retinal blood flow in the evaluation of patientgh iRVO. As its value is yet to be

demonstrated and due to lack of availability ofititetrumentation required in most eye
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clinics, measures of retinal blood flow would netdlecommended currently for the clinical

evaluation of patients with RVO.

g. Ocular surface temperature

Although ocular surface temperature (OST) is affédity many factors such as body and
environmental temperature, it has been sugges#tdk ttould be a useful tool to assess the
severity of CRVO, being potentially a good indicadd the blood flow in the posterior
segment?’”. OST is an easy and non-invasive test that isntekien using infrared
thermography. OST is measured at five anatomicaltgiol) the medial canthus, 2) half-way
from the medial canthus and nasal limbus, 3) tim¢ecef the cornea, 4) half-way from the
temporal limbus and lateral canthus and 5) atdtexdl canthus. The center of the cornea was
found to be the best indicator of the blood flowtlué posterior segment and the most reliable
measure in CRVO, since it is avascular and thetpoiluenced least by the conjunctival
blood vessel€’”. In a study including 36 patients with CRVO itsxfaund that the mean
OST at the center of cornea in ICRVO (n=9) wagssttaally significantly lower (mean 34.7+
SD 0.66) than in non-iICRVO (n=27) (mean 35.3+ SBOP?’". OST has not been used to
evaluate BRVO. Given that this study included amlymall number of patients and that
results have not been confirmed by other studiev#fue of SOT in the evaluation of

patients with RVO remains to be elucidated.

h. Ophthalmodynamometry

Ophthalmodynamometry is an easy and non-invasstetiat allows measuring the pressure
in the central retinal artery and central retingihv It has been suggested that

ophthalmodynamometry can be used to different@RMO from non-iCRVG*0141:19%)
McAllister et al.** studied 88 patients with iCRVO and found an asgimi between

elevated central venous pressure and low visuatyaceduced retinal blood flow, larger area
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of capillary non-perfusion and incidence of rubsdsilis *°*. In a study by Jond¥'® which
included 15 patients with CRVO and 4 patients \BRVO, the central retinal vein collapse
pressure was, on average, 1.8 times greater in @ R&8) than in non-iCRVO (n=7).
Central venous pressure was significantly highe€CRVO (103+ SD 25.4 AU)
(AU=arbitrary units) than in non-iICRVO (mean 58.3B 37.5 AU) and BRVO (mean
43.8+SD 25.5 AUJY), whereas the pressure in the central retinalyavtes significantly
lower in iICRVO than in non-iICRVA?. These results were replicated in another study
which included 28 patients with CRVO (7 with iCR\&Dd 21 with non-ICRVO) and
demonstrated that central retinal venous pressasestatistically significantly higher in
iICRVO than in non-iCRVO (mean 91.5 + SD 30.1 AUS&4 + SD 32.5 AU§*Y. Central
retinal venous pressure was higher than the diagtehtral retinal arterial pressure more
frequently in the iCRVO (7/7 or 100%) than in thEnACRVO (8/21 or 38%Y*Y. Central
retinal arterial pressure was significantly loweiCRVO (46.0 + 10.6 AU) than in non-
ICRVO (64.5 + 22.8 AUS*Y). The finding of higher pressure in the centrahadtvein when
compared with the diastolic pressure of the cemétahal artery appears to be characteristic
of the ischemic form of CRVO and could potentiddy used to establish this diagnosis
(141199 Eurthermore, ophthalmodynamometry appears teelgful to predict visual
outcomes in patients with CRVE. Thus, in a study including 73 patients with CR®O
high venous collapse pressure (VCP) in the cergtadal vein of 100 gm or greater and a
VCP greater than the arterial collapse pressurdP(fdppeared to be predictive of a worse

visual outcomé®®.

The above studies suggest that ophthalmodynamoraielsyin the differentiation
between iICRVO and non-iCRVO and provides prognostarmation. This test is not part,
though, of the routine clinical evaluation of patewith RVO. However, a simplification of

this test is commonly used by clinicians to elutadahether or not the venous pressure is
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increased in patients with CRVO. It relays oncheical maneuver of exerting pressure on
the eye at the same time that the blood vesseldsaralized by slit-lamp biomicroscopy. As
the pressure in the eye is increased (by pressirigeoeye) the central retinal artery may
collapse at the same time or even before the dertmal vein does, indicating very high
venous pressure (venous pressure in normal ciremoes is much lower than that in arteries

and, thus, veins should collapse earlier thaniagevhen pressure is exerted on the eye).

2. Structural tests

a. Fluorescein angiography

As discussed in section Il. Definitions (above)dus fluorescein angiography (FFA)
is the most widely used test to establish the adiagnof iRVO. Indeed, FFA allows the
direct visualization of blood vessels and blood\fio the retina. FFA provides very useful
information on the vascular status of the retimaspnce of neovascularization, presence/
absence of delayed venous filling, presence/absanetinal leakage (from breakdown of
the inner or outer retinal barriers) and retinarad and presence/absence of areas of retinal

capillary non-perfusion (Figures 1 & 2).

On FFA more prominent leakage and retinal capilthlgtation are often observed in
iICRVO and iBRVO than in the non-ischemic forfs'®")  In RVO, diffuse
hyperfluorescence is detected in the area affdntedtinal edema in the late phase of the
FFA @%).If there is no marked intra-retinal hemorrhagiRBA will demonstrate capillary
telangiectasis, dilated collateral vessels and@qud pattern of hyperfluorescence from
cystoid macular edema, if these features are pr&&&n Marked hyperfluorescence will be
seen at the site of new vessels in the retina ptid oerve head, with blurring of their
margins in late phases of the FE&). Hypofluorescence is present in areas of capithany-

perfusion‘®®,
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Most clinicians and researchers use the exiktite area of retinal capillary non-
perfusion as the main determinant of the diffeediin between ischemic and non-ischemic
RVO; most, following the criteria provided by th&OS and BVOS (i.e. > 10 DA of
capillary non-perfusion = iCRVO; > 5DA of capillanpn-perfusion = iBRVOY¥-®. It
appears that the risk of developing neovasculamptications, and thus, of having a more
guarded prognosis, relates chiefly to the presemtaision of the area of retinal ischemia. It
was reported that 16% of eyes with CRVO and areatofal capillary non-perfusion on FFA
of 10-29 DA developed anterior segment neovas@atan; this risk increased to 43% and
52% in eyes witlP30DA and>75 DA of capillary non-perfusion, respectivély A study by
Magargal and colleagues found that 33% and 45%ed with CRVO with an ischemic
index>50% (which in their study corresponded>ttO DA) developed retina/disc or
neovascular glaucoma, respectivefy). 93% of eyes with neovascular glaucoma and 91%
of eyes with retina/disc neovascularization seconttaiCRVO had ischemic indices of

>509% (181,

Wide angle FFA (WA-FFA) appears to be particuldmyypful in the evaluation of
patients with RVO as this imaging technology alldassthe visualization of the peripheral
retina, in addition to the macula and midperiphegtiha, which is believed to be the first
area affected by ischemia in RVE%°290322) ysing WA-FFA, Tsuigt al ©°? studied 69
eyes with CRVO and correlated the ischemic inder &ection Il. Definitions, above) with
the presence of neovascularization. The mean (#&Bgmic index was 25 (x 26%); eyes
with neovascularization had a mean ischemic indes6é6 (range, 47-100%) compared with
eyes without neovascularization that had an ischémiiex of 6% (range, 0-43%°. The
average ischemic index of eyes with anterior segmeovascularization was 78% and the
average ischemic index of eyes with retinal neoviasization was 72% (SD, 20%; range,

47-99%). It was found that the ischemic index ificgmtly correlated to the presence of
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neovascularization, and eyes that had evidencemfascularization had an ischemic index

>4505300)

WA-FFA was used to evaluate the extent of retiselhémia in 12 out of 20 patients
with iCRVO included in RAVE (for further details dhis trial, see section IX. Management
and outcomes, below). In this study, iICRVO wasrakf by the presence of three out of four
criteria: BCVA<20/200, loss of I-2e isopter on Goldman visualdfi@APD>0.9 log units
and b-wave reduction t60% of the corresponding a-wave. The mean tctld HHf gradable
retina was 290 DA (range, 178-452 DA) with a me@a &f retinal non-perfusion of 184

DA (range 141-323 DA) which is approximately 63.4%he total area of the retif&”.

Recently, a stereographic projection software waeduced by Tan et al. to calculate
“anatomically correct” area of retinal non-perfusend total area of visible retina on WA-
FFA in mnf %9 WA-FA images cannot be mapped onto a flat serfaithout a resultant
warp of the image; this is due to the projectianfrthree-dimensional (retina) to two-
dimensional (retinal image) by preserving direciity from a central point. This method
presents vascular landmarks accurately, but atdseof increasing distortion of size and
shape at the periphery. Tan et al. used the gepbic projection software to determine the
anatomically correct area of retinal non-perfusiod total area of visible retina in rfrin
32 patients with RVO; the authors also determinad the former compared with the
“uncorrected” ISI, previously used in other stud@®. The ISI was determined by using the
central FFA image (image centered in the macul&gioed with the Optos 200Tx (Optos,
Dumfermline, UK) and by manually outlining areascapillary non-perfusion and total area
of visible retina using the GRADOR software, whaitomatically provides the number of
pixels within these established regions. Usingstieeeographic projection software the
regions determined by the above method were thaluated and “corrected” to determine
the “anatomically correct” area of retina on theblm statistically significant differences
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were found between the “uncorrected” ISI (% of mpamnfused retina from total area of retina
measured) and the “corrected” non-perfusion %. “therected” area of non-perfusion
measured in mfralso correlated well with the “uncorrected” ISThe median total area of

visible retina was 690.6 nfnand ranged from 559.4-797.7 rhm

WA-FFA was used in a study including 32 patientswirVVO, 13 with CRVO and 19
with BRVO ?"» and demonstrated that peripheral non-perfusitrastline correlated with
both baseline retinal thickness and the magnitddeduction of edema, on SD-OCT,
following ranibizumab or dexamethasone treatnfefit An area of non-perfusion of >10%
of the total retina on WA-FFA in both CRVO and BR\p@tients was statistically

significantly associated with worse macular edemhworse visual acuity’®.

WA-FFA appears to be an even more valuable toal ftandard FFA to image
retinal ischemia in RVO, likely to detect it at kar stages, and to predict the likelihood of
development of complicatio¥*3% It should be noted, however, that properly caeid
diagnostic studies comparing these two diagnostibriologies (standard FFA and WA-FFA)
for the evaluation of retinal ischemia in RVO are available. However, given that the
availability of WA-FFA in clinics is increasing arndat a larger extension of retina is imaged
with this technology when compared with standaré FEwould seem appropriate to
incorporate its use for the evaluation of patievitth RVO. Using standard fundus cameras,
it was reported that the detection of areas oflleapinon-perfusion could be compromised
by the presence of marked and extensive intraaiiemorrhages. This is likely to be less
of a problem now when using wide-angle scanningrlaphthalmic systems. If WA-FFA is
obtained using scanning laser, the amount of fle®i@ required to undertake this test is also
reduced (good quality angiograms can be obtainéd 2wl of fluorescein, from 1gin 5 ml
vial), which would be expected to reduce the paséndare side effects of this test. WA-FFA
appears to be widely accepted for this purpgdg®®-2%°317)
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Iris fluorescein angiography has been used alsthioevaluation of patients with
RVO and for the differentiation between ischemid ann-ischemic forms. In a study
comparing patients with iCRVO (n=24) and non-iCR{24) it was found that all patients
with ICRVO have dilation of the iris vessels andKage independently of the presence or
absence of iris neovascularization, while in noRW©, no or minimal changes in the iris

vasculature were observet?.

b. Spectral domain optical coherence tomography (SOOC

SD-OCT is widely used in the evaluation of patiemith RVO (6-384345137.215.26455_oCT
allows to examine the integrity of the differentimal layers and to determine overall
thickness of the central retina, individual thicke®f the retinal layers and the presence of
cystic intraretinal edema and subretinal fluid setayy to RV(Qf36-3843:45.137.215.230.2649g 5

OCT is routinely used in clinical practice and bagn used to evaluate changes in central
retinal thickness in patients included in RVO 8i@RAVE, COPERNICUS, GALILEO,
VIBRANT, BRAVO, CRUISE, SCORE; details on thesedsés can be found in section

VIIl. Management of iIRVO and outcomes followingatement, below). Central subfield
thickness (CST) on SD-OCT is commonly used to datez the response to current therapies

for macular edema secondary to R{F6*843:4%:137.215.230.264)

The mean CST on SD-OCT at baseline was reportbd statistically significant
greater in patients with iCRVO (n=203) (499.65 pmmen compared with those with iBRVO
(n=354) (444.38 pm) in one study; both ICRVO anBWE were defined by the presence of
> 5 DA of capillary non-perfusioft’®. In a retrospective study by Martirettal *®® which
included 53 consecutive patients with CRVO and Imclv macular ischemia was defined as

an enlarged foveal avascular zone (larger than 1@)@r a broken perifoveal capillary ring,
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CST was greater in ischemic macular RVO (mean 754&not provided) when compared
with non-ischemic macular RVO (mean 520um; SD movioled). Macular ischemia was
also associated with absent/incomplete IS/OS ImM8DB-OCT in 73% of eyes during the
follow-up (mean follow-up 13 months; range 1-66 i@y as well as with RPE atrophy or
RPE fibrosis at last follow up®®. Furthermore, a CST of 700 um or greater appearbe
associated with peripheral ischemia, poor visuagposis and irreversible damage to
photoreceptors cell$®®. Some of the patients included in this study @)=eceived

panretinal or grid laser photocoagulation theramye received intravitreal therafy$".

In a study on patients with BRVO, a non-ischemicutae (n=13) (defined as
absence of any distinct area of capillary non-poin within one disc diameter of the center
of the fovea) had an early and more rapid drop3i @uring a follow-up of six months (and
without intervention) when compared with an ischemiaculae (n=7) (defined as presence
of any distinct area of capillary non-perfusionhiit one disc diameter of the center of the
fovea}?’®. The presence of a visible IS/OS and externatilimimembrane on SD-OCT,
which indicates the integrity of the photorecetelt layer, was correlated with a more

favorable visual prognosis in patients with BRV&.

SD-OCT provides an indication of damage/atrophgtadtoreceptors as well as NFL,
GCL, inner plexiform layer (IPL) and inner nucldayer (INL) in the advanced stages of
iICRVO and iBRVO, all of which have been associatitth poor prognosi§&™>® A loss of
foveal IS/OS and a larger defect in the extermaiting membrane at presentation, and a loss
of inner retinal layers at six months’ follow-up patients with iCRVO correlated with poorer
final visual outcome&7%?2Y) |n CRVO, macular ischemia, as detected by FFAretated
with reduced CST when macular edema is absentoasdfinner retinal layers in early
stage (three months) and with presence of intraaktiuid and loss of inner retinal layers in
late stage (six months) on SD-OCT ima§é3. In iBRVO, the thickness of the GCL and
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NFL (mean 86.26 £ SD 5.95 and 95.53 + SD 8.87 |espectively) appeared to be
significantly reduced when compared with non-iBR{@ean 79.03 £ SD 7.84 um and 88.83

+ 8.96 pum, respectivelyj™).

c. Optical coherence tomography angiography (OCT-A)

Unlike FFA, OCT-A is a non-invasive (i.e. does nequire the injection of a dye) imaging
modality that allows the visualization of retindbbd vessel§351%% Using the split-
spectrum amplitude decorrelation algorithm (SSAD#tection of blood motion within the
vascular lumen can be achieved by measuring thatioar in reflected OCT signal amplitude
between consecutive cross-sectional B-scans; hightg angiograms of the retina and
choroid can be, in this manner, generdté®>?%® Superficial and deep retinal capillary
networks can be separately visualized using OCTHas technology, however, has a smaller

field of view than conventional FFA or WA-FFA151:263.279)

It has been suggested that OCT-A may be usefuh®evaluation of areas of
capillary non-perfusion, non-perfused vessels, Masdensity and FAZ morphology in
patients with RV (°9:203:214.251.259.260 87T, cT_A s the first imaging technology that enabde
selective evaluation of the deep retinal capillaeywork, which, for unexplained reasons,
seems to be more severely affected than the so¢dapillary network in CRVO and

BRVO 69,

A retrospective study by Coscas and colleaguesidnoy 54 RVO patients (29 with
CRVO and 25 with BRVO) and comparing OCT-A with FBAd SD-OCT suggested that
OCT-A may provide a better rate of detection oftaigsspaces, macular edema and
disruption of perifoveal capillaries than FFA ard-8CT ®%. Cardoso et af*®®, in a
retrospective study including 76 patients (81 eya#f) RVO [CRVO (n=40 eyes), HRVO

(n=7 eyes) and BRVO (n=34 eyes)], 36 (44%) of whiene of the ischemic type (no

43



definition of iRVO given) and in which images wergequately assessed in an independent
manner by a masked grader (i.e. the results ob$éman imaging modality would not be
affecting the reading of a subsequent imaging miyjldund good agreement between FFA
and OCT-A for determining the area of ischemia famadjrading of the foveal avascular zone
when using 3x3 mm OCT-A scans but poor when usk&rm OCTA scans. Artifacts
appeared to be a major limitation of OCT-A with rgmadable images in 28% and 15% of
cases for 3x3 mm and 8x8 mm scans, respectiffelyvhen compared with 3% for FFA.
Motion artifacts and media opacity appeared to beapr contributing factors to obtaining
good quality images on OCT-A. Restrictions of OCT-A in identifying features of

ischemia and retinal new vessels when presentdeutise 8 mm scan where notéty.

Using OCTA it was found, in a retrospective stuadgiuding 12 patients with RVO
(eight with BRVO, six of these ischemic; and fouth\CRVO, one of these ischemic), that
the FAZ in the deep retinal capillary network wataeged in eyes with RVO when
compared with fellow unaffected ey€¥. The vascular density in the macular region as
detected with OCT-A was found to be significantdyer in eyes with CRVO and BRVO,
affecting both superficial and deep capillary netgothan in fellow eyes; differences
between ischemic and non-ischemic forms were, hewewt sought*?*® In a prospective
study including 21 eyes of 21 patients with CRV@yuaption of the ellipsoid zone was
significantly correlated to a larger FAZ area ie sBuperficial retinal capillary plexus and

poorer visual acuit{>®.

To date, studies using OCT-A for the evaluatiopatients with RVO are scarce, the
majority retrospective and including small numbgpatients. The technique, however,
appears to be promising to determine the areaveddby edema as well as areas of non-
perfusion. OCT-A has some limitations currentlyluiiing the small field of view and the
fact that images are prone to artefacts; theselzheks will likely be overcome in the future
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by further development of the technology. In tleigard, a recently develop technique refer
to as “extended field imaging technique” (EFI) gstrial frames fitted with a +20 diopter
lens, seems to provide adequate OCT-A imagesargell area of the fundus, on average

188.5% more than those without EFP.

Prospective, adequately powered diagnostic stuadleesequired to determine the
value of OCT-A and OCT-A EFI for the diagnosis awaluation of patients with iCRVO
and iIBRVO as well as to determine how this techgploompares with other imaging
modalities available such as FFA and wide-angle .FFFAe major restriction of OCT-A for
its use in RVO, at present, is the small field ief, however, it would seem very useful for

the evaluation of the perifoveal capillary network.

d. Fundus autofluorescence (AF)

Fundus autofluorescence (AF) is a non-invasive intagodality that provides information

on the status of the RPE and, indirectly, of thetpreceptor€®. Given that the outer retinal
barrier can be affected by iIRVO (see section \WWI&gy and Pathogenesis, above) it could be
envisaged that AF could be useful in the evaluabiopatients with this disorder. Indeed,
foveal AF has been found to serve as a prognasdicator in patients with RVO

(28,221,265.260) There have been, however, no studies evaluititdus AF specifically in

IRVO.

3. Patients reported outcomes (PRO)
Studies have shown that both CRVO and BRVO arecgsgtsa with a significant decrease in
vision related quality of life using the 25 itemtidaal Eye Institute Visual Function
Questionnaire (NEI VFQ-255-"). The NEI VFQ-25 provides scores for 12 subscales:

general health, general vision, near vision, digansion, driving, peripheral vision, color
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vision, ocular pain, role limitations, dependersggial functioning and mental health, in

addition to an overall composite sc&f&.

NEI VFQ-25 scores are significantly lower in jatis with CRVO and BRVO than
in people with no ocular disea$&®”. Scores were significantly lower in people with
bilateral CRVO than in those with unilateral dise88. NEI-VFQ-25 scores in patients with
BRVO were significantly higher in all subscales wltwmpared with those in patients with
CRVO @Y, NEI VFQ25 scores appear to be driven, predomipaoy the visual acuity in the
better-seeing ey&”. However, a decrease in NEI VFQ-25 score in BR®@elated with
visual acuity in the affected eye, even when theaes good visual acuity in the non-affected

fellow eye®®?.

There have been no studies evaluating visual-celztality of life, using the NEI-
VFQ25, or health-related quality of life, using tB®-5D (a health-related quality of life
guestionnaire consisting of five domains: mobilgglf-care, usual activities, pain/discomfort
and anxiety/depression) specifically in patientdWilRVO and how these compare with non-

iRVO.

VII.  Natural History

A. Ischemic CRVO
The CVOS reported that untreated patients who load yisual acuity at presentation
(<20/200) had an 80% chance of having final visualtagof <20/200, whether perfused or
non-perfused initially®). In an large observational natural history stu@RO=109; non-
ICRVO= 588 eyes) by Hayreh and colleagues, filglal acuity, on resolution of macular
edema, was reported to be 20/100 or better in 8386m-iICRVO when compared to 12% in

ICRVO. Thus, in over 80% of patients with ICRVGuwal acuity remained poor even after
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resolution of macular edentd®. Thus, the iCRVO phenotype appears to confer @mo
guarded prognosis. In eyes with initial visualigcaf 20/70 or worse, visual acuity
improved, on resolution of the macular edema, % %59 the non-iICRVO eyes, with no
significant improvement in eyes with iCRV8?. This study showed that 90/146 (60%) of
patients with non-ICRVO had a visual acuity >20&@r resolution of macular edema in
comparison to 0/13 (0%) of those with iCRVO durinfpllow-up of 2-5 year§®. The
median time to resolution of macular edema wasddorbe 29 months for patients with

iICRVO and 23 months for those with non-iCR¢Y.

COPERNICUS reported improvementif5 ETDRS letters in only 4.3% of
untreated patients with iCRVO at six months follop/®*® (See section VIII. Management
and outcomes following treatments, below, for maeils on this study). Another study by
Laatikinenet al **® showed improvement a2 Snellen lines in the same proportion, 4.3%
of untreated patients with iCRVO at 12 months fatop °®. Kjekaet al *** reported
change of mean visual acuity from 1.95 to 2.74 LéadgdMduring a mean period of 41 months

of follow-up in patients with untreated iCRVO (rang6-63 months°>.

A large prospective cohort study by Hayreh and Zemmann, which involved 239
eyes with ICRVO'"), reported that the cumulative probability, witimonths of onset, of
development of neovascularization was 49% in tise 37% in the anterior chamber angle,
6% in the disc and 9% in the retina. At 12 months,corresponding rates were 10% for
neovascularization in disc and 12% in refffd. CVOS reported that 35% of untreated eyes
with iCRVO developed anterior segment neovascatics during the first 12 montt.

The overall incidence of posterior segment neoVaszation at 3 years was 33% in a cohort
study reported by Magargal et al, which includedegés with iCRVO, 85 eyes with non-

iICRVO and 29 eyes with indeterminate R/&}.
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In the CVOS, untreated iCRVO showed an increaskararea of retinal capillary
non-perfusion, from a median of 50 DA at baselmé&11 DA at the visit at which anterior
segment neovascularization developed, in compatsammedian increase in non-perfusion
of only four DAs in those who did not develop ardesegment neovascularization at the
first annual visit®. The greatest risk of developing anterior segmenvascularization in
eyes with iICRVO appears to be during the first yadollow up (usually within the first
three months) in untreated iCRVO patie(ﬁ)ts Hayreh et al. reported that anterior segment
neovascularization commonly develops during tret 67 months following diagnosis of

iCRVOQ (117:122)

The cumulative probability of development of neatdar glaucoma in eyes with
iCRVO was reported by Hayreh and Zimmerman to 196 28thin 6 months of onsét'”
and by Magargal et al to be 60% within 24 montherwfet'®?). Vitreous hemorrhage was
reported in 10% of iCRVO by nine months after orefethe occlusioft*®. Hayreh et al
reported that 9/67 (~13%) of untreated patienth VBRVO developed vitreous hemorrhage
during a follow-up of 10 yeaf$*"). Vitreous detachment was identified in 38 out 2{(33%)
ICRVO eyes; patients with complete vitreous detashinaid not develop vitreous
hemorrhage in comparison with 57% in whom abseimi@mplete vitreous detachment was
detected™®®. Retinociliary collaterals developed in 41% ofipats with iCRVO in a median

period of 13 month&9),

In an observational natural history study includ@¥gpatients with hemicentral RvO
classified into ischemic and non-ischefif® (for definition, see Il. Definitions), Hayreh and
Zimmerman found that when the presenting vision wa®/60, 75% of patients maintained
or experienced improvement in vision; if the preés®nvision was < 20/70, visual acuity

improved in 6094,
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The incidence of neovascularization in patienthgmicentral RVO at 12 months
follow up was reported to be 12%, 10%, 12% and 29%s, anterior chamber angle, disc
and retina, respectivefy*”. Neovascular glaucoma was reported to occurréddrof eyes

within 6 months of onsét'”,

B. Ischemic BRVO
Although information on the natural history of BR\i®availablé'*8?*® there is very scarce

data specifically on iBRVO; this applies to mogpess of this type of RVO.

A study by Parodi et a?®® showed that none of the untreated patients witftlative
retinal detachment secondary to iBRVO (defined t®spnce o5 DA of retinal capillary
non-perfusion on FFA) gainetB Snellen lines of visual acuity whereas 93% k36nellen
lines during a follow-up of 24 mont8® (Parodi et al. 2008). However, reabsorption of
exudative retinal detachment was observed in &kpis after a mean of 15.8+3.4 months

follow-up %29,

Finkelstein followed a group of 30 patients (30®ywwith macular edema secondary
to BRVO; 23 patients with macular capillary non{fpsron (20 of which had a broken
perifoveal capillary ring) and seven with good macperfusion (one of the latter had a
broken perifoveal capillary ring). Finkelstein falithat a greater improvement in visual
acuity occurred in eyes with macular ischemia, Wlachieved a median final visual acuity
of 20/30, when compared with eyes with a perfusaduta (29%), which achieved a median

final visual acuity of 20/80, after a mean follow af 39 month&®).

According to BVOS study, 41 % of untreated patiemith at least 5 DA of retinal
capillary non-perfusion (group X) developed neouéeization (unspecified) during the
follow-up . A cohort study by Hayreh et &°? reported the incidence of

neovascularization in eyes with major BRVO to 1184,.0.5%, 11.5% and 24.1% in the iris,
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anterior chamber angle, disc and retina, respdgtiv@nge 3 months-20 years)”.
Approximate incidence of retinal and disc neovaagzétion, extracted from Kaplan-Meier
survival curves presented in this study, were 10%2ayears and 20% at ~4 years,
respectivelﬁ}zz). Vitreous hemorrhage developed in 61-73% of p&iaith iIBRVO and
neovascularization during follow-up periods betw@eh years®*Ywith 28% of patients

with untreated retinal or disc heovascularizatigpegiencing recurrent vitreous hemorrhage

(111)

VIIl.  Management and outcomes following treatments

A. Current treatments of ischemic RVO

Currently, there is no effective treatment for gats with iIRVO. The present
therapeutic options are aimed at treating the cmampbns of iRVO, namely macular edema
and neovascularization and its results, rather gtaa-vascularizing the ischemic retina
(338687) | ocal treatments include laser photocoagulafismavitreal anti-VEGF,
corticosteroids and vitrectomy, or combinationladde therapies. Each of these treatments
has advantages and inconveniences as well as bwarhplications; these are reviewed

below.

Management of underlying medical conditions is imgat*>®. Therefore, it is
recommended to evaluate patient's medical histdogd pressure, serum glucose, lipid

profile, full blood cell count (FBC) and erythroeysedimentation rate (ESR)" .

Patients with iIRVO will require follow-up at diffent intervals depending on the type
of occlusion (CRVO or BRVO), presence/absence andrity of retinal non-perfusion,
presence/absence of complications or high riskeetbbping them, and the requirement and

type of treatment selected.
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Monthly follow up during the first six months wascommended for patients with
ICRVO, with slit lamp examination and gonioscopydetect signs of anterior segment
neovascularizatiof?’. Follow-up would be guided by whether or not ctingtions develop
and by the need for treatments and type of thecapgen (see below] . Similarly, the
follow-up in patients with BRVO would be determinieg clinical findings, such as the
presence or absence of macular edema or neovaszatitar and the need and type of

treatment selected (see beldff}

1. Treatment for macular edema secondary to iRVO
Treatment for macular edema secondary to iRVO aedumacular laser photocoagulation,
intravitreal injections of anti-VEGF, local cortisteroid therapies and vitrectomy. Ten
studies on CRVO (2 RCTs and 8 prospective intergrat studies) and nine studies on
BRVO (5 RCTs and 4 prospective interventional staflivhich addressed outcomes of these
therapies on the ischemic form of RVO were ideatifand included in this review and are

summarized below.

a. Macular laser photocoaqulation

The CVOS and BVOS were the first large, randomidedcal trials (RCTs) evaluating the
effect of laser treatment in patients with CRVO &R\VO . The CVOS did not find
macular laser photocoagulation of value for thattreent of macular edema secondary to
CRVO ™. The cVOS (group MY’ excluded patients with macular non-perfusion (no
definition of macular non-perfusion was given)jmat new vessels and vitreous hemorrhage;
among the included eyes only 21/155 (14%) &0 DA of retinal capillary non-perfusion

on FFA (13 treated and 8 untreated) and the outsamhmacular laser were not addressed
separately for ischemic and non-ischemic casesontrast, for patients with macular edema

secondary to BRVO, laser photocoagulation was mtowde beneficidl. The BVOS
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recommended macular laser after three months afriket of symptoms, given the
possibility of spontaneous resolution of the macatiema during this period of time, in
patients with visual acuity of 20/40 or worse watiisence of foveal capillary non-perfusion
on FFA and absence of blood involving the folléaRetreatment was required in some
patients (range, 1-5 treatments given) when maedema persistddf. The BVOS showed
a mean 3-year improvement of 1.33 Snellen linegsidn following macular laser in
comparison to 0.23 lines of vision in untreatedguds; visual acuity improved > 2 Snellen
lines in 65% of patients and 60% attained visualtg®f > 20/40 or better, in comparison to
37% and 34% of untreated patients, respecti&lyhe BVOS™ excluded patients with
foveal non-perfusion and outcomes of macular lasge not given specifically for the group

with iBRVO W,

Macular laser photocoagulation has been proposadatential treatment for
patients with iBRVO, defined by the presence & DA of retinal capillary non-perfusion on
FFA, and exudative retinal detachment based onethdts of a small (n=31) prospective
RCT ©?® |n this study, 16 patients were assigned to lgsdr photocoagulation and 15 to
observation. A visual acuity improvement of > 3&kmon ETDRS charts was observed in
37% of patients in the laser treated group whenpased to no patients in the untreated
group, while visual acuity deterioration®f3 ETDRS lines occurred in 93% of untreated
eyes when compared with none in laser treated &j&sviean final visual acuity was 20/125
Snellen equivalent in the treated group and 20id@Be untreated group at 24-months
follow-up from a mean baseline of 20/160 in botoups®*®). Resolution of subretinal fluid
occurred in all patients, both treated and untrtkatéth an earlier resolution observed in the
treated group (9.1+£1.7 months; range 6-12 month&wcompared with the untreated group

(15.8+3.4 months; range 12-24 months).
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In another prospective RCT, Tomomatsu ef& compared combined targeted laser
photocoagulation and intravitreal bevacizumab (Ivigf) (n=19) with bevacizumab (1.25
mg) alone (n=19) in patients with macular edemamséary to iBRVO, defined by the
presence of 5 DA of retinal capillary non-perfusion. Signifitiareduction of CST was
observed 2 and 3 months following combined therampomparison to intravitreal
bevacizumab monotherapy, which showed increasé&in tiree months following treatment
(%) The number of injections in the bevacizumab mbatpy group was statistically
significantly greater (mean 1.57 =+ SD 0.69) thaat th the combined laser + bevacizumab
group (mean 0.83+ SD 0.62§>. Moreover, the visual acuity improved signifidgnwith
combination therapy at six months (0.6 Log MAR asddine to 0.3 LogMAR), but not with

bevacizumab monotherapy (0.65 LogMAR at baselif@%d_.ogMAR)#%°).
b. Anti-VEGF

Intravitreal anti-VEGF has become the first linertpy for patients with macular edema
secondary to both CRVO and BRVO. Intravitreal &fiEiGF therapies routinely used in
clinical practice include ranibizumab, aflibercepid bevacizumab. Intravitreal ranibizumab
and aflibercept are licensed for the treatment afutar edema secondary to RVO; in the
United Kingdom these treatments have been appraisg@ére recommended by the National
Institute for Health and Care Excellence (NICE)people with visual impairment caused by
macular edema following CRVO or BRVEF . Aflibercept is recommended by NICE as an
option for the treatment of visual impairment irulisl caused by macular edema after BRVO
" or CRVO F'. Ranibizumab is recommended as an option foritrgaisual impairment
caused by macular edema following CRVO or followBRgVO, the latter only if treatment

with laser photocoagulation has not been benefioralvhen laser photocoagulation is not

suitable because of the extent of macular hemoerfiay. Intravitreal bevacizumab is used

53



also as an off-label alternative. Anti-VEGF drulgg,nhibiting the effects of VEGF;

decrease blood vessel and possibly RPE permedb#ithng to reduction in macular edema.

Several studies, including RCTs have been conduotet/estigate the efficacy and
safety of anti-VEGF therapies in patients with CR&@ BRVO. Most of these, however,
excluded or included only a very scarce numberatiepts with the ischemic forms of RVO
(Table-1). For example, the CRUISE (Central Réfifein OcclUslon: Evaluation of
Efficacy and Safety study), which evaluated theafbf ranibizumab on CRVO, excluded
patients with brisk RAPI®” and, thus, would have excluded patients with seretinal
ischemiad®®® (See section VI. Clinical Findings and Ancillariu8ies, above). Furthermore,
of the 392 patients included in CRUISE only two k4@ DA of capillary non-perfusion on
FFA (0.5%)®". Similarly, ROCC, an RCT comparing ranibizumalsiam in patients with
macular edema secondary to CRVO, included onlydivieof 29 patients (17%) with 5 DA
of capillary non-perfusion on FF&>). Moreover, none of the BRVO patients in BRAVO
(RanibizumaB for the treatment of macular edemiafohg BRANch retinal Vein
Occlusion) had10 DA of retinal capillary non-perfusidff’. The branch Retinal vein
occlusion Associated Macular Edema Study (RABAMES)ich also evaluated ranibizumab
for the treatment of macular edema secondary to BRacluded patients with macular
ischemia and did not classify or give separate ftatlBBRVO and non-iBRVG?*. Other
studies that may have included patients with iR\@ribt provide data separately for
ischemic and non-ischemic forf{&’®. Studies providing information, specifically,iRVO

are summarized below.

RAVE (the Rubeosis Anti-VEGF) was an open-labetichl trial in which treatment
with intravitreal ranibizumab was investigated hhZatients with iCRVO. iCRVO was
defined by the presence of three out of four detarisual acuity<20/200, loss of I-2e isopter
on Goldman visual field, RAPBO0.9 log units and reduction of b:a ratioep% of the
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corresponding a-wav&®. All patients received monthly intravitreal raizibmab (0.3 mg in

5 patients; 0.5 mg in 10 patients; 1 mg in 5 pasiemo separate outcomes were given for
these three groups) during the first nine montltsaenneeded during the remaining study
period of 36 months. Eighteen patients (90%) vielltewed for 9 months; 17 (85%), 15
(75%) and 13 (65%) were followed for 12, 24 andh8thths, respectively. The mean visual
acuity at baseline was 15 ETDRS letters (range BBJRS letters). At 36 months, the
mean visual acuity gain was + 21.4 (range -23 @) EIDRS letters with five out of 13
patients (38%) who completed the 36 months follgngaining> 15 ETDRS letters. The
high loss of follow-up at 36 months should be take#a consideration when interpreting this
data. Seven eyes (39%) had a final visual acuitysevthan 20/406°. Mean reduction of
CST was -294 um (range, -47 to -652 um) at ninethsoof follow-up from baseline.
However, subsequently, after a three months-paiaibservation (12 months- follow-up)
recurrence of macular edema was observed in 448ata@nts and retreatment required.
After retreatment (as needed), the CST improvedlBg um (range, -636 to -602 um) at 24
months and -191 um (range, -623 to -58 um) at 36tisefollow-up compared to values at

12 months®®).

CRYSTAL was an open-label, single arm, multicepi@spective study which
included 357 patients with CRVEF” Patients were treated with monthly 0.5 mg
ranibizumab for a minimum of three injections amdilistable visual acuity was maintained
for three consecutive months. Macular ischemiéindd by presence of any capillary non-
perfusion on FFA (mild, moderate, severe or conghfadestroyed) in at least one of the
three subfields using ETDRS grid (central, innagrsubfield or outer ring subfield) on the
macular region at baseline in 107 patients (3884) Of the eyes included, 54 eyes had
ICRVO (definition was not given); data was not pd®d separately for iCRVO and non-

ICRVO. Intravitreal ranibizumab resulted in a sfgpant improvement of visual acuity, with
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63.8% of patients gainireg 10 letters, 49.2% gainirgll5 letters and 9% gainirkg30 letters
at 12 months- follow-uf#®”. In this study, an exploratory analysis showexd the mean
gain in visual acuity was not statistically sigo#ntly different between CRVO patients with
macular ischemia (11.6+14.92 ETDRS letters) andehweithout macular ischemia (12.1+
18.10 ETDRS letters}®”. The number of intravitreal ranibizumab injectidram baseline to
12 months was also not statistically significarfiteslent between patients with macular

ischemia (7.5+2.9) and those without macular isdaeB-2.9)*°%".

BRIGHTER ®®was an RCT that evaluated the effect of montHsynog
ranibizumab until stable visual acuity was maingdifior three consecutive months (n=183),
ranibizumab (0.5 mg) combined with macular laser1@0) and macular laser monotherapy
(n=92) in patients with macular edema secondaBRVYO #®) BRIGHTER included
patients with macular ischemia, defined as theRYSTAL study (see above); macular
ischemia was present in 113 out of 455 patients8(2) (ranibizumab, n=47; ranibizumab
combined with macular laser, n=42; and macular lasmotherapy, n=245%®. Of the eyes
included 47 eyes had iBRVO (definition was not giyéut data was not provided separately
for IBRVO and non-iIBRVO. The mean visual acuitypaseline was 57.7 £ 12.88 ETDRS
letters. Improvement in visual acuity was gre&#owing six months ranibizumab therapy
with or without laser therapy (14.8 £10.7 and 1#18.13 ETDRS letters, respectively) when
compared to macular laser monotherapy (6.0 + 1D letters}?®®. At six months, 65%
and 54.5% of patients attained a visual acuity @8 letters in the ranibizumab and
ranibizumab plus laser treatment groups, respdgtivecomparison to 31% of patients
receiving laser monotheraf§®. An exploratory analysis found no statisticallgrsficant

difference in outcomes between patients with artdaut macular ischem{&®®.

COPERNICUS®®, GALILEO *?3#%)and VIBRANT “>*® evaluated the effect of
intravitreal aflibercept on macular edema secontta@RVO and BRVO. A statistically
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significant reduction of macular edema as wellnagrovement in visual acuity and vision-
related quality of life was demonstrated followingravitreal aflibercept therapy
(38,45.58,128.215)cOPERNICUS and VIBRANT provided data on visualcomes for patients
with iIRVO and non-iRVO separately, but not for miaciedema or vision related quality of
life (®84558) while GALILEO did not provide separate data oy ahthese outcomes for

iRVO and non-iRVO case&?2

COPERNICUS included 187 patients with CRVO; only(29%) of these had retinal
ischemia, defined by the presenced® DA of capillary non-perfusion (127 patients had
perfused retina and 31 had an indeterminate perfistatus}®®. Patients were randomized
to monthly injections of 2 mg aflibercept for sixonths followed by PRNpfo re natg for
the remaining period of the study of 12 months @& Wwith 17 non-perfused CRVO) or to
monthly sham for six months and PRN aflibercepteaatter (n=73, with 12 non-perfused
CRVO). In this study the mean visual acuity atdbag was 50.0 +14.09 ETDRS letters. At
six months-follow-up, a gain ¢f 15 ETDRS letters was observed in a statistically
significantly higher number of patients (56.1%}he aflibercept arm when compared with
the sham-treated group (12.3%). A secondary analysis showed that in patients with
ICRVO, the proportion of eyes that gainetb letters at six months was 51.4% in the
aflibercept group and 4.3% in the sham group; mi@RVO, these proportions were 58.4%

and 16% in aflibercept and sham groups, respegti¥2l

GALILEO also studied the effect of aflibercept oacnlar edema secondary to
CRVO and included a total of 177 patients; 14 (8f&J non-perfused retina, defined by the
presence o#10 DA of capillary non-perfusion, 143 patients lgaed retinal perfusion and
in 14 retinal perfusion was indetermin&t&?'® Patients were randomized to monthly 2 mg
aflibercept for six months (n=103, with 7 non-pedd CRVO) or monthly sham for six
months (n=68, with 7 non-perfused CRVEY. Due to the small number of patients
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included with iCRVO outcomes were not evaluatedasaely for ICRVO and non-iCRVO

(128,215)

VIBRANT evaluated the effect of aflibercept (2 mgrsus macular laser
photocoagulation for the treatment of patients withcular edema secondary to BRV&®,
Of the 181 patients included in this study, iBR\defined a$-10 DA of capillary non-
perfusion on FFA, was present in 36 patients (20Pa)ients were randomized to receive
monthly aflibercept (2 mg) for six months (n=91{lwi6 iBRVO) or macular laser (n=90,
with 20 iBRVO). At six months a gain ef 15 ETDRS letters occurred in a statistically
significant higher number of patients treated vaitibercept (52.7%) than laser (26.7%6).
A secondary analysis showed that eyes with iBRV@edaenced a mean change in visual
acuity of 19.1 EDTRS letters at six months-follogfollowing aflibercept and of 11.3
ETDRS letters following laser, with no statistigaglignificant differences between these two
treatment group$®. In contrast, the mean change in visual acuitydn-iBRVO was
significantly higher in the aflibercept group (1EBTRS letters) when compared with the

laser-treated group (5.7 ETDRS letté?3)

Two RCTs compared the effects of intravitreal b&xamab and intravitreal
triamcinolone acetonide (IVTA) in patients with nuéar edema secondary to CRVO (n=86)
@4 and BRVO (n=86Y*%. Patients were randomized to receive intravitbeatacizumab
(three monthly injections of 1.25 mg) or intravélériamcinolone acetonide (IVTA) (two
injections of 2 mg IVTA 2 months apart). IschemiR\ZO was defined by the presence of
>10 DA of capillary non-perfusion on FFA and wasritiéed in 40 patients (46%5*%. In
ICRVO, visual acuity significantly improved in boithtravitreal bevacizumab (1.09 + 0.62
logMAR at baseline to 0.57 + 0.44 log MAR at sixmitiws) and IVTA groups (0.95 £ 0.35
log MAR at baseline to 0.79 + 0.31 log MAR at siomths) with the improvement being
significantly greater following intravitreal bevacimab'®*®. Similarly, significant reduction
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in CST was observed in both intravitreal bevacizon2Z00 + 126 um) and IVTA (77 £ 104
pm) groups at six months, with greater CST reduadidiowing intravitreal bevacizumab
(244 No statistically significant differences in vidacuity or CST were observed between
iICRVO and non-iCRVE**¥. In patients with BRVO, iBRVO was present in 52i@ats
(60%), as defined by the presence-& DA of capillary non-perfusion on FFA™. In
IBRVO, visual acuity significantly improved in bothe intravitreal bevacizumab group (0.77
+ 0.24 logMAR at baseline to 0.37 = 0.19 log MARsat months) and the IVTA group (0.75
+ 0.31 log MAR at baseline to 0.58 £+ 0.29 log MARS& months) with improvement in
visual acuity being significantly greater followimgravitreal bevacizuma%*®. Similarly,
significant reduction in CST was observed in batinavitreal bevacizumab (125 + 101 pum)
and IVTA (68 + 175 um) groups at six months, witBTCreduction being significantly
greater following intravitreal bevacizum&b®. A statistically significant difference in CST
between iBRVO and non-iBRVO was detected, but absiically significant difference in

visual acuity was observed between iBRVO and ndrRuB 4%,

A prospective interventional study evaluated tHeatfof intravitreal bevacizumab
(2.25 mg) in 16 patients with ICRVO defined by iresence of >30 DA of retinal capillary
non-perfusion and 30 patients with non-ICR\W3@ DA of retinal capillary non-perfusion)
(240) |n both, iICRVO and non-iCRVO, mean visual acaihd CST improved from baseline
to six months with no statistically significant féifence between these groups in both

outcomes?®?,

Anti-VEGFs improve visual acuity and reduce maceidema in patients with CRVO
and BRVO. Intravitreal injections of anti-VEGF,ever, are unpleasant for patients, carry
a small risk of complications such as endophthadméind require repeated treatments and

close and long-term follow-up over many years ®sprve visio"**??. At present time,
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there is insufficient data available on the efficaod cost —effectiveness of anti-VEGFs for

the treatment of iCRVO and iBRVO.
c. Steroids

Corticosteroids reduce retinal capillary permeapdind leakage as well as inflammation and,
hence, could provide benefit in reducing maculameal in patients with RVO
(30.47,48,99.136,137.220.257264hr avjitreal corticosteroids used for the treatinaf patients with
macular edema secondary to RVO include triamcirekretonide (TA) and dexamethasone
(DEX). TAis not licensed for intraocular use rese patients. In the United Kingdom DEX
implants were appraised by NICE who recommendstiieisapeutic option for patients with
macular edema secondary to CRVO and for patiernts BRVO unsuitable or unresponsive
to laser treatment®". Corticosteroids are associated with potentiabasty effects including

elevated intraocular pressure and catargéf:48:99.136.137.220257.264)

SCORE (Standard Care vs COrticosteroid for REtieai occlusionf**”2%%
compared IVTA with standard care (observation ilMCR**” and macular laser in BRVO
(26%) for the treatment of patients with macular edes@eondary to CRVO (n=27%}" and
BRVO (n=411)?®¥. SCORE included only three patients with iCRV@fined by the
presence of10 DA of capillary non-perfusion on FFA, and 41ligats with iBRVO, defined
by the presence a5 DA of capillary non-perfusion. No separate dass given for IRVO

and non-iRVO with regards to clearance of maculi@nea or visual acuity improvement

(137,264)

The use of IVTA (4 mg) was evaluated in patienthwCRVO (n=11) (defined by
the presence of10 DA of retinal capillary non-perfusion) and wasrgpared to non-iCRVO
(n=11) in a prospective interventional study by €zt al®*®. The study showed a

significant reduction of CST in both ICRVO (from&& 320 um at baseline to 441.7 + 166.9
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pm, at nine months) and non-ICRVO (from 667 + 223 at presentation to 320 + 175.5 pm,
at nine months) following treatment, with no statelly significant difference between these
groups'???. Complete resolution of macular edema was repamtedven patients with non-
iICRVO and four patients with iCRV&?®. Improvement in visual acuity was also observed
in both iCRVO and non-iCRVO, but was significantnion-iCRVO only???, An

improvement of 3 Snellen lines of visual acuity was observedlir8%o of the eyes with
non-iCRVO but in only 18.2% of those with iCRVOrahe months-follow-uf???.

Moreover, the mean final visual acuity among pdsievith ICRVO was very poor (20/800

Snellen/ 1.61 LogMARY¥??),

In a prospective interventional study includingpgigients with BRVO and macular
ischemia (defined by a broken perifoveal capillang at the border of the FAZ associated
with a distinct area of capillary non-perfusionhiit one disk diameter of the foveal center) a
single injection of IVTA (4 mg) led to a significareduction in macular edema (CST on SD-
OCT) at one month (n=17, 94%) and three months3n#2%) follow-uFY. There was,
however, no significant improvement observed atsixe or 12 months follow-up®.
Improvement of visual acuity was significant at enenth follow-up only, but not at the
other time point§*. Only six out of the 12 patients that completesl 12-months follow-up
(50%) showed improvement in visual acuity, randgnagn one to six lines, and five out of

these 12 had a final visual acuity<020/200®%,

In another prospective study of 17 patients witltmar edema secondary to BRVO,
iIBRVO, defined as the presence>05DA of capillary non-perfusion on FFA, was presient
10 patient$?®. In this small study there were no statisticallynificant differences found
in changes from baseline to six months follow-umiacular thickness, macular volume,
macular sensitivity within the central 4°, 10°, &@f fields or visual acuity when comparing
cases with iBRVO and non-iBRV&?)
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Treatment of macular edema with DEX implant in @ats with CRVO and BRVO
was evaluated in the GENEVA RCT (Global EvaluatdmmplaNtable dExamethasone in
retinal Vein occlusion with macular edem®y. This study, however, did not provide data
separately for perfused and non-perfused da83esn a prospective interventional study
which included 29 patients with iCRVO, defined hg presence af10 DA of capillary non-
perfusion (n=15) and iBRVO, defined by the presearfceb DA of capillary non-perfusion
(n=14), DEX implant showed a statistically sigrgiit reduction in macular edema and an
improvement in visual acuity at 12 months followimgatment®®. In this study, 87% of
ICRVO and 92% of iBRVO patients showed stabilizatay improvement in vision at 12
months, with 80% of eyes affected by iCRVO gainmmgre than one ETDRS line and 46%
improving by over three lines, while 85% of eyeshwBRVO improved by one line and
35% by three line$>). Despite this improvement, the mean final viswaiiy was< 20/200
in ICRVO and<20/63 in iBRVO®, In iCRVO, the median CST was reduced from 749 pm
at baseline to 363 um at 12 months. Similarly,tfeglian CST in those with iBRVO

improved from 459 pum at baseline to 323 pm at 1ths>).

d. Pars plana vitrectomy

Pars plana vitrectomy with or without adjuvant gdares such as internal limiting
membrane peeling was found to be effective iniimganacular edema secondary to iCRVO
and iBRVO in several prospective interventionatigta and retrospective case series
(27,66,146,174,186,210.246.279) 5\ yever, none of these studies were RCTs arfthella small

number of patients.

Vitrectomy with posterior hyaloid removal appeated¢onfer benefit improving
macular edema and reducing CST (from 976 + SD 8@t baseline to 640 + SD 19in at

six months) in a prospective interventional stuustncluded 10 eyes with iCRVE?.
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Visual acuity improved in six patients from a medat 20/600 to 20/300, while did not

change in the remaining four (20/1666Y.

A small study evaluated outcomes of pars planastidmy in patients with macular
edema secondary to iBRVO (n=13) and non-iBRVO (n=i&@ showed statistically
significant improvement in visual acuity (from 0.850.5 logMAR), macular thickness and
macular volume on SD-OCT, and mean macular seitgitm microperimetry within the
central 4° (from 3 to 8 dB), 10° (from 4.5 to 1@B) and 20° fields (from 5.5 to 10 dB) at
six months following treatmef'®. There were no significant differences betweeR\VB
and non-iBRVO regarding macular thickness, macubéume, and visual acuity. However,
there was a significant difference in the macudars#tivity within the central 4°, 10°, and 20°

fields between iBRVO and non-iBRVO, with better siéimity in non-iBRVO ?°)

2. Therapies to treat or prevent proliferative retirapy secondary to

iRVO
Studies have been conducted to test the effecrmigtinal photocoagulation to prevent or
treat neovascularization and its consequencestienpswith iRVO. Anti-VEGFs and
steroids have not been adequately tested in poviR@das for this purpose. However, several
studies that aimed at determining the effect od¢hteeatments on macular edema in patients
with RVO evaluated the occurrence of new vessalscamplications related to these and,
thus, provided information on this regard. Thealsts identified have been summarized

below.

a. Pan-retinal photocoagulation (PRP)

Panretinal photocoagulation (PRP) leads to regyassfineovascularization in iCRVO
(6,97.121,155,165.183,201.248bR P was associated with regression of anglerand i

neovascularization in patients with iCRVO in whitiis complication was prese(ﬁ)t
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Prophylactic PRP (i.e. prior to the developmerdimterior segment neovascularization),
however, did not prevent the neovascular compbaatin patients with iCRVO in the CVOS
© " Although PRP lowered the incidence of neovasotbmplications, the difference
between treated and observed groups was not s@tissignificant and, thus, it was
recommended that PRP should be undertaken onlyossas neovascularization develops
(6.121,155.165.183) A stydy by Hayreh et d*Y) comparing PRP-laser treated and observed
untreated eyes of patients with ICRVO (n=123) aveeriod of ten years found no statistical
significant differences in visual acuity or inciadenof neovascular complications including
angle neovascularization, neovascular glaucomaepossegment neovascularization and
vitreous hemorrhage between the two grdifd$ The incidence of iris neovascularization in
PRP-treated patients, however, was reduced if P&Pperformed within the first 90 days of
iICRVO onsef!?. Using Goldmann perimetry, the peripheral visigltf showed a
statistically significant worsening in the lasegdted eyes in comparison with the untreated

eyes?),

Retinal arterial blood flow was evaluated usingoe@oppler flowmetry one month
following PRP in patients with iCRVO (n=13) (defohey the presence efLO cotton wool
spots in a 45° fundus photograpkyL0 DA of capillary non-perfusion on FFA, and/or
presence of neovascularization of the iris) andpmamed to that in patients with non-iCRVO
(n=20) and healthy controls (n=22Y. Patients with iCRVO had statistically signifi¢gn
lower blood flow within the ophthalmic and centratinal artery than those with non-iCRVO
and healthy controls; PRP in iCRVO group was fotmflirther reduce the arterial blood
flow 2. In contrast, it was observed in another studicivmvolved 12 patients with
ICRVO, defined by the presence>fl0 DA of capillary non-perfusion on FFA, that ther
was a significant increase in the retinal blooavflasing Heidelberg retinal flowmetry, one

month following laser photocoagulation, but thedaldlow was still lower than in control
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subjects™®. Hence, it is not clear how PRP affects the rétit@od flow in patients with

ICRVO as different technologies used have showermdiht results.

The BVOS showed that prophylactic sector laser gdusgulation prior to
development of neovascularization and vitreous hiegmage in patients with iBRVO lowered
the risk but did not completely prevent the deveiept of new vessel formation and its
complications. Thus, like in the case of ICRVGdaphotocoagulation is recommended
only when neovascularization is established in iBR%. Hayreh et al*'¥ reported that
untreated BRVO patients have 3.5 times higherinskeveloping retinal neovascularization
than laser-treated patients”, but noted that treatment with laser did not hateneficial
effect in the visual acuity and resulted in worsgrof the visual field defects in comparison

to no treatmentY.
a. Anti-VEGF

Treatment with intravitreal ranibizumab did nona@lnate the risk of developing ocular
neovascularization in patients with CRV&>". However, CRUISE reported lower
incidence of iris neovascularization and neovasayiEucoma in CRVO patients in
ranibizumab-treated eyes when compared with sheatetd eye§”. In the RAVE,
neovascular complication still occurred in 50% afipnts with iCRVO following intravitreal
ranibizumab during a follow-up period of 36 mont}s Of these, 33% developed posterior
segment neovascularization, 28% anterior segmenaseularization and 11% bdff. In
this study, 12 patients with iCRVO were assesseld WIA-FFA and the extension of the
area of non-perfusion continued to progress ovee &ven with ranibizumab therafy’). In
contrast, a retrospective post hoc analysis of (S8Hnd BRAVO*? evaluating the effect
of ranibizumab therapy on the area of retinal ¢agilnon-perfusion on standard FFA found

that in CRVO the percentage of patients with nallzag non-perfusion increased in
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ranibizumab-treated groups at six months (from %/at baseline to 84% with 0.3 mg
ranibizumab and from 78.8 at baseline to 82% withrig ranibizumab) and was
significantly greater than that of the sham graupich showed a decrease in the percentage
of patients with no capillary non-perfusion from.@% at baseline to 67.0% at six months

(42)

. Reperfusion of non-perfused retina was rare (b%ham-treated patients with CRVO,

but occurred in 6% to 8% of patients treated wéthilbizumald*?.

In BRVO, the percentage of patients with no capyllaon-perfusion decreased in
both ranibizumab-treated and sham treated grougsstiome but was significantly greater in
the ranibizumab-treated group when compared tstaen-treated grouf?”. Thus, 67% of
sham-treated eyes had retinal capillary non-pesfusompared with approximately 50% of
ranibizumab-treated ey&4). In BRIGHTER, none of the patients with BRVO dexed iris
or retinal neovascularization or neovascular glauauring the six-months follow-up
period of the study; vitreous hemorrhage occume@.06 % of patients treated with
ranibizumab, 1.1% of those receiving combined naniimab and laser photocoagulation and

in none of those receiving laser monother&y)

A RCT by Epstein et af’® that included a total of 60 patients with CRVOarpd
development of iris neovascularization in 16.7%atients with CRVO at six months in the

sham-treated group in comparison to none in thadieumab-treated grodfp’.

Similar to the effects observed following intraedt ranibizumab and bevacizumab,
intravitreal aflibercept does not eliminate thé e neovascularization in patients with iRVO
but may reduce the risk of its development. Thusl IGEO reported occurrence of anterior
as well as posterior segment neovascularizatioonsizey to CRVO in 2.9% of aflibercept-
treated eyes in comparison to 4.4% of eyes inhhenstreated group at 24-weeks; four-

weekly aflibercept injections were given for thesfi20 weeks in aflibercept treated e{fé¥.
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This difference was no longer observed at 76-wéeksflibercept was administered as
needed after 24 weeks in both groups. At 76-weksgher incidence of anterior and
posterior segment neovascularization than at 2«sviedlow-up was detected in both
aflibercept-treated (7.8%) and sham-treated ey&8848*>. COPERNICUS, which also
administered four-weekly aflibercept for the fig€t weeks in the aflibercept treated group
and as needed afterward in both groups, reporteel@@nent of anterior segment
neovascularization in none of the aflibercept-edagroup, in comparison to 6.8% of patients
with CRVO in the sham-treated group, at 12 mondtesv-up, who then received PRP to

treat the neovascularizatiof.

VIBRANT also administered aflibercept four-weekby the first 20 weeks in the
aflibercept group and as needed afterwards in &itittercept and macular laser groups (see
above), and reported retinal neovascularizatioorsggry to BRVO in 3% of patients in the
laser-treated group at six months but in noneérefibercept-treated grofy’. The
proportion of patients with a perfused retina (dedi by the presence of <10 DA of capillary
non-perfusion on FFA) at baseline was 60% in thbetept group and 69% in the laser
group whereas at six months it increased to 80#araflibercept group but decreased to

67.1% in the laser treated gro{dp.

A small RCT including 19 patients with iCRVO evatied the effect on neovascular
glaucoma, defined by the presence of iris or ante&thamber angle neovascularization and
IOP greater than 22 mmHg, of a single intravitiealacizumab injection (1.25 mg) followed
by PRP one week after injection (n=10) and compérierdthat of PRP alone (n=8}°. This
study reported faster regression of iris/ anglevasoularization with the bevacizumab/PRP
group than in the PRP group suggesting that irthealibevacizumab in combination with
PRP is useful in the treatment of neovascular glanzcby speeding up the resolution of iris/
angle neovascularizatiéi>.
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b. Steroids

In SCORE, intravitreal triamcinolone acetonide dad appear to modify the risk of
development of ocular neovascularization, includigyneovascularization, neovascular
glaucoma, posterior segment neovascularizatiorvarebus hemorrhage/pre-retinal
hemorrhage, when compared with 1aé8r A multivariable analysis in SCORE-BRVO
estimated a 9% increased risk of a neovasculart é@egsach disc area of increase in retinal
capillary non-perfusion at baselif®. Further analysis was undertaken in which disasr

of retinal capillary non-perfusion were considegeiime-varying covariate from baseline and
throughout the course of the follow-up using a matiate Cox regression model. In this
analysis for the SCORE-BRVO, there was a 5% iner@avazard of a neovascular event for
each disc area of increased retinal capillary nerfiggion, and 3.8 times increase in hazard
for a neovascular event when comparing eyes whtb disc areas versus < 5.5 disc areas of
retinal capillary non-perfusiofi?. In contrast, in SCORE-CRVO multivariable anadysid

not show significant associations of any baselawtdrs with neovascular evefts,

In GENEVA, the incidence of retinal neovasculaiizatwas statistically significantly
lower in the 0.7 mg and 0.35 mg DEX-treated gro@8% and 1%, respectively) than in the
sham group (2.6%) at six months for CRVO and BRY¥D However, a post-hoc analysis
showed an increase in the mean area of overalpediision and in the mean area of
macular capillary non-perfusion from baseline toraionths in both DEX and sham groups
with no statistically significant differences bewwethe twd®>”. In a small prospective
interventional study by Parodt al ®® none of the 29 eyes with iCRVO (n=15) or iBRVO
(n=14) treated with DEX implant developed oculaoveescularization at 12 months

following treatment?®).

c. Pars plana vitrectomy
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Vitrectomy could be expected to reduce, at leamptearily, the concentrations of
intraocular angiogenic and inflammatory cytokiras;h as VEGF and, subsequently may
lower the risk of development of ocular neovascdmédion secondary to iIRVO. Data,
however, on the potential benefit of pars planeeetbmy in patients with iCRVO is very

scarce.

A prospective interventional study of 10 patienthuCRVO demonstrated that none
of the patients treated with pars plana vitrectalayeloped new vessels in the retina or disc,
but iris neovascularization was still observed 08@of patients at six months following
surgery*’?. Neovascular glaucoma was reported in a prosgettterventional study in five
of 31 patients with CRVO (iCRVO=15; non-iCRVO=186)thn none of 19 patients with
BRVO (iBRVO=6; non-iBRVO=13) following vitrectomyral internal limiting membrane
peeling™®®. The very scarce data available, thus, sugdestpars plana vitrectomy does

not prevent the occurrence of neovascularization.

Vitrectomy is, however, very useful to manage caogions associated with RVO
such as tractional retinal detachment, vitreousdrdmge and epiretinal membrane and can
result in improvement of the visual acuity in pateewith BRVO with these complications
(13.258.291.319) 1t \yas also suggested that early vitrectomy teeftevelopment of vitreoretinal
proliferation and retinal detachment maybe benalfftr management of BRVO in patients
with high risk of developing complicatioffS™. However, further studies are needed to

confirm the benefit of early vitrectomy in theseses.

B. Other therapies for ischemic RVO
Several studies have been conducted to evaluatelthef other therapies, besides those

mentioned above, for the treatment of IBRVO andWCRbut have not been approved either
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because they are still under investigation, theyimpractical, have adverse effects or have

no or limited benefit. Examples of these therapiessummarized below.

1. Photodynamic therapy
Photodynamic therapy (PDT) with verteporfin as atpkensitizer was evaluated for the
treatment of anterior segment neovascularizatioorsgary to iCRVO in an RCT and in a
prospective interventional stuy"?*® The laser energy in PDT was directed to the amwter
chamber angle and the iris using a Goldmann thrieentontact len§?”??) In the RCT,
patients with ICRVO, defined by the presence a0 DA of capillary non-perfusion on FFA
and reduced b-wave amplitude on ERG, were randam@®DT (n=17), standard PRP
(n=19) and selective PRP (n=20), the latter berrfopmed only if iris/angle
neovascularization showed progression on weeklgvialp ¢?9. At 12-months follow-up,
the extension of iris neovascularization expresseatock hours was 2.27, 0.52 and 2.55 in
PDT, standard PRP and selective PRP groups, resggctvhile the extension of anterior
chamber angle neovascularization was 1.27, 0.5 d&tdclock hours, respectively.
Regression of iris/ angle neovascularization wasssically significant only in the PRP
group; the incidence of neovascular glaucoma didiiffer between treatment groufsé>.
A prospective interventional study including tenigats with iCRVO and iris/angle
neovascularization suggested that PDT can partdlliyerate anterior segment

neovascularizatioff>”.

2. Radial optic neurotomy (RON)
Radial optic neurotomy (RON) was designed to ra&lehs pressure from the occluded
central retinal veinin RON, vitrectomy is performed and then an ingis® made in the
lamina cribros&'®. Several studies evaluated the efficacy and saféRON
(10.16,24,41,88,186,189.216.262.31% O (Radial Optic neurotomy for central Vein Qsion study)
randomized 83 patients with CRVO (both iCRVO, defirby the presence uf10 DA of
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capillary non-perfusion on FFA and non-iCRVO) toel treatment groups, RON (n=38),
IVTA (n=25) and sham (n=2)%. At 12-months, a statistically significant increas visual
acuity was detected in 47% of patients followingNR®@hen compared to 10% of sham and
20% of triamcinolone treated patiet‘il@. A statistically significantly higher number of
patients in the sham group experienced visual ydeiterioration (35%) (>3 logMAR lines
of visual acuity loss) compared with those treatéti RON (8 %)*?. In non-iCRVO, the
median vision increased from 1 logMAR (range, 0I735) to 0.75 logMAR (range, 0.45—
1.55) after 12 months; in ICRVO, the median visa@lity also increased from 1.09 logMAR
(range, 0.97-2) to 0.9 logMAR (range, 0.71-2) af2months, with no statistically
significant differences between iCRVO and non-iCR¥) Smaller studies have provided
mixed results with regard to benefits of RON, aighhrates of complications have been
noted®89313) |n 3 prospective interventional study which imtgd 13 patients with iCRVO,
defined by the presence®10 DA of capillary non-perfusion, a significant ineqpement in
visual acuity and retinal perfusion on FFA from éla®e to one year were observed in 10
patients; chorioretinal anastomosis at the surgitalwas also observed in ten patients
following RON ®®). A prospective interventional study including I&ipnts with CRVO
(ICRVO=10, indeterminate=2, perfused=1) showedaorovement ob2 Snellen lines in

six patients; in two of these the final visual agwvas< 20/200%%?. Two patients developed
neovascularization and underwent PRP, six showsdl/ifield loss using Goldmann
perimetry and three of those showed an absoluteerigrer bundle defect at the surgical site
(62 Hence, beneficial effects of RON on vision hawveleen clearly demonstrated and
RON is associated with its own potential complicasi and costs and has not been shown to
prevent complications resulting from CRVO. Thus,NR® not a standard treatment for

patients with iCRVO.
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3. Chorioretinal Anastomosis
Chorioretinal anastomosis was developed to allmedlko bypass the occluded vein into the
choroidal blood vessef§"3163.192.193.195.233)Thi5 nrocedure has been used to treat both
CRVO and BRVO and can be undertaking by meanssef lar surger{p®’3163:192.193,195.233)
In non-iICRVO, a functionally effective chorioretirastomosis can be achieved in around
one third to a half of patients; this however,oagiderably more challenging and difficult to
achieve in iCRVG*®?. Although a successful anastomosis may preveheisi from
getting worsé*®®, the visual results of chorioretinal anastomosispmor®1192:193)
Chorioretinal anastomosis is associated with mamyptications including vitreous

hemorrhage, choroidal neovascularization, anergtiaal fibrosis which were more

pronounced in the ischemic form of CR®%)

4, Thrombolysis
Thrombolysis using intravitreal or endovasculaorabinant tissue plasminogen activator
(rt-PA) has also been evaluated in small studielsidiing patients with iCRVO
(78.82,105.106.2)These studies showed significant improvemenisafat acuity in 36-71% of
patients with iCRV3'88293.1051085nd 3 reduction in the area of retinal capillaspn
perfusion if thrombolysis is initiated in the acipiease of iIRVO®1%1%) However sufficient

evidence is lacking to justify thrombolysis for R\i®clinical practice.

5. Isovolemic hemodilution
Isovolemic hemodilution has been investigated liertteatment of iRVO in several RCTs
and prospective interventional studi¥s?29739931)This treatment aims at reducing the
viscosity of the blood and increasing its fluid§*°>29739310although many of these
studies suggested an improvement in visual acaitgviing isovolumetric hemodilution
(94,102,297:309.3184 ) to the impracticality and complexity of thimgedure, this treatment has

not been adopted in clinical practié.
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6. Neuroprotectiveagents
The efficacy of neuroprotective agents such aspayidine, activated protein-C, glutamate
antagonists and free radical scavengers (EdardM@i€l86) has been evaluated in patients

with iRVO (72,145,180,200,286)

Minocycline is a broad-spectrum tetracycline armtiici which was found to have
neuroprotective effects and is currently under stigation in patients with BRVO.
Preliminary results on experimental studies sugtpagtminocycline can inhibit apoptosis of
retinal ganglion cells and it has been suggestaidu$ing minocyclin in the acute stage of the
disease could preserve retinal functidf. A RCT on the effect of minocycline on RVO
patients is currently under way (ClinicalTrials.gadentifier: NCT01468844 and

NCT01468831).

Experimental and clinical studies using intravitraetivated protein-C have shown
reduction in retinal cell apoptosis secondary tBMO by blocking the activation of caspase-
3, -8 and -9"2'*%) In a prospective interventional study of ten @ats with macular edema
secondary to ICRVO, significant reduction in cehtoaeal thickness was reported in all
patients following administration of intravitreadtivated protein-G**®. Moreover, visual
acuity significantly improved in 60% of patientsdacomplete reperfusion of non-perfused
retina was observed in 30% one year following treatt**%). Thus, intravitreal protein-C

appears to be a promising new therapy but reqturéser investigation.

7. Cell therapy
Cell therapy using bone marrow-derived stem celisnalothelial progenitor cells has also
been suggested for the treatment of ischemic neditides®?2223:276.28%) These cells are
believed to play an important role in tissue regatien by promoting the repair of damaged

retinal blood vessels to re-perfuse the ischengasof the retina. To date, there are only two
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case reports with only one patient with ICRVO icleaboth suggest benefit of bone-marrow
stem cells for the treatment of patients with iCR¥®?’® Further research into this area is

warranted.

IX. Summary — Proposed characterization of the diseasad practical points for the
clinician.

Ischemic retinal vein occlusion (iRVO) [includingrtral (iCRVO), branch (iBRVO),
hemicentral RVO and hemispheric RVO] poses sigaifigisk of visual loss to those
suffering from this vascular retinal disorder. ®atailable, contained in this review,
suggests a more guarded prognosis for the natistaly of patients with iRVO when
compared with those with non-iRVO, independentlyhaf definition of iIRVO used. This

appears also to be true for outcomes followingttneat, although scarce data are available.

There is no widely accepted definition for ICRVQdaBRVO; the lack of agreement
in diagnostic criteria used may explain reportdtedences in functional and anatomical
outcomes observed as a result of the natural lpisfdihe disease or that modified by
treatment. The CVOS and BVOS defined iCRVO andVBRby the presence of >10 DA
and >5 DA of retinal capillary non-perfusion resipealy. These definitions, which have
been the ones most widely used in published studiexe based on risk of development of

neovascularization.

Data available strongly suggest that the largeatiea of retinal ischemia the higher
the risk of visual loss and development of neoviasaomplications; it is unclear whether
this risk depends not only on the extent but afsthe location of the ischemia (i.e.
peripheral, midperipheral, macular, perifoveal) &mther information on this is needed. An

agreement as to whether iRVO (iCRVO, iBRVO and é&ult hemi-central and hemispheric
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RVO) could be considered as a separate entity romiRVO and, if so, whether iRVO
could be defined by a particular threshold of aregetinal ischemia would require an
international consensus. In any case, the autifdhe current review strongly encourage
clinicians and researchers to determine the pregaipsence, extent and location of areas of
retinal ischemia in patients with any RVO. Thisomnation should be provided consistently
in RVO studies and should be considered when etrapautcomes of therapies. A

proposed characterization of patients with RVOrv/med in Figure 3.

Currently and until other imaging modalities (62§-T-A) allow visualization of the
entire retinal vascular tree, identification ofasef retinal ischemia by WA-FFA is the
preferred method to be used. Determining the éxtetie area of retinal ischemia in im
would be advisable; appropriate software that altivis measure to be obtained would be of
great help. This and aiming to image as mucheftétina as possible, even when using
WA-FFA, is essential for adequate interpretatiothef data and comparison between studies
to be made. Ideally a WA-FFA should be obtainegrasentation in patients with RVO,
unless very marked and extensive retinal hemorghaggch could prevent adequate
visualization of the retinal capillaries were praseHemorrhages may be less of a problem
when using scanning laser WA-FFA systems. Autochdegection of areas of retinal
ischemia would be ideal but, at present, this ramahallenging. Determining the integrity of
the perifoveal capillaries may be done now moreigtely with the use of OCT-A than with

WA-FFA (Figure 3).

With the evidence available and considering thetand staff limitations often
encountered in clinical practice, the authors o thview recommend patients with CRVO at
presentation to undergo visual acuity testingjngsaf the pupillary reflex, preferably using
neutral density filters (see section VI. Clinicah@ings and Ancillary Studies above), WA-
FFA and SD-OCT. Presence/absence and degree dDRA®been shown to strongly
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predict risk and, thus, should be included in clhistudies on CRVO. From the clinical
perspective, current knowledge suggests that gatweith CRVO and visual acuity of <6/60,
an RAPD (o> 0.9 log units using neutral density filters) axteasive retinal capillary non-
perfusion (IS>45% on WA-FFA o030 DA if using standard FFA) are at high risk of
developing neovascular complications (if not alsepresent) and should be followed closely
so timely treatment can be initiated. Patientaukhbe also considered at high risk if marked
and extensive retinal hemorrhages in four quadramgtpresent as these are likely to be
associated with extensive retinal ischemia. Elgttysiology testing and visual fields have
been shown to be also of prognostic value in CRQtley are less accessible to clinicians
and more difficult to obtain in busy retinal clisic If obtained, several electrophysiology
parameters are highly suggestive of patients V@RV O having a higher risk of neovascular
complications: prolonged implicit times in the 3@ Hicker (>37 ms), reduction of > 60% of
values obtained in the fellow healthy eye in thedve amplitude or b/a ratio of scotopic
and/or photopic ERG, or photopic b-wave amplitudkigs of < 56 uV. Hand-held portable
electrophysiology devices recently developed (REI@ymay facilitate electroretinography
in clinical practice. As the risk of anterior segmh neovascularization in iCRVO is highest
in the first year following onset, especially dyithe first three months, monthly follow-up
during this period has been recommended. Besmi@satling underlying risk factors
(hypertension, intraocular pressure), laser pamakphotocoagulation should be applied
immediately if new vessels in the iris or antedbamber angle, or posterior segment are
detected. Data on the effect of therapeutic gjrasefor macular edema in patients with
CRVO and retinal capillary non-perfusion is verg®e; most randomized clinical trials
(RCTs) on CRVO did not include or included very fefsthese patients. Anti-VEGFs are
advised to treat macular edema secondary to CRMD; eéfficacy and cost-effectiveness in

patients with retinal ischemia, however, remainsdclucidated.
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For patients presenting with BRVO, visual acuityAWFA and OCT are advisable.
Prognostic indicators for retinal ischemia anccamplications have been less extensively
studied in BRVO when compared with CRVO. Lowerds\vof vision at presentation
(<20/60) are most commonly observed in patienth vgtinal ischemia; the lower the
presenting vision the more guarded the visual psefor the patient. Sector panretinal
photocoagulation should be applied if new vesselelbp but not prophylactically, just like
for CRVO. In the presence of macular edema patierth BRVO should be treated with
anti-VEGF therapy; the efficacy and cost-effectees of this treatment, in patients with

retinal ischemia, however, remains to be elucidated

X. Conclusion

Finding consensus on a definition of iIRVO may ballemging. A separation
between iIRVO and non-iRVO may not be required, pled there is homogeneity on the
phenotyping of patients with this disease andithabrtant features determining risk are
measured and are considered when managing patightRVO and undertaking studies on
this condition. Many studies have shown that edtischemia confers increased risk of sight
loss and neovascular complications in patients RM©O. Information on the presence,
extent and location of areas of retinal ischema@ughbe provided in studies evaluating
RVO. To date, no treatments are available to preeetreat retinal ischemia; research on

this area is urgently needed.
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XI. Method of Literature Search

Five databases were searched including Medline, 8B SCOPUS, Web of Science and
Cochrane library with no years’ limitations. Keywlarincluded retinal vein occlusion, retinal
venous thrombosis, retinal venous obstruction,reéngtinal vein occlusion, and branch
retinal vein occlusion which were combined withhismic, non-perfused or proliferative
terms. Further search was conducted combiningtétedskeywords with epidemiology,
prevalence, incidence, risk factors for the epiadogy and risk factors sections;
mechanisms, pathogenesis, macular edema, neovazatibe, the different retinal cells, and
experimental models for the etiology and pathogersesction; the different ancillary
technologies for the ancillary studies sectionurathistory for the natural history section;
and the different therapies for the managemeniosedtrom the literature retrieved, only
articles that provided data on the ischemic forrR@0, specifically, or differentiated
between iIRVO and non-iRVO were included. For theent treatments section, priority was
given to RCTs while prospective interventional stsdvere included only # 10 patients
with iIRVO were studied. Retrospective studies teatewed> 100 patients’ records were
planned to be included but none of the retrievéidlas met this criterion. All articles

included were limited to the English language.
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Figure-1: Fluorescein angiogram (left) obtained from thétigye of a patient with ischemic
central retinal vein occlusion. Marked retinal ilapy drop out is observed. A relative
preservation of the capillaries around the fovealsaular zone is, however, observed.
Marked intraretinal edema was evident on spectalain optical coherence tomography

(right). Visual acuity was 9 ETDRS letters.

Figure-2: Fluorescein angiogram of a patient with ischemnanbh retinal vein occlusion.
Note marked macular and midperipheral retinal nerfysion. Breakdown of the perifoveal

capillary network was noted (inset).

Figure-3: (A) Diagram depicting the proposed strategy to ideraifg classify retinal
ischaemia in retinal vein occlusion (RVO). Widegke fundus fluorescein angiography
(FFA) would allow visualisation of a large proportiof retina. Then, areas of retinal
ischaemia within the midperipheral / peripherain@iall areas outside the central red circle)
could be marked and measured in fusing appropriate software. In order to deterntirge
area of macular ischemia, a central area with meliar of 5.5 mm centered at the fovea
could be drawn (red circle) and retinal capillargmtout within this region measured in

mn?. Magnification of the centre of the macula shayvihe perifoveal capillary network
(top, right). Drop-out of perifoveal capillariesudd be then specified in clock hours (yellow
circle). For this purpose, optical coherence tgraphy angiography (OCT-A) could be also
used(B). For all patients with RVO, total area of visibl¢ina, total area of capillary drop-
out in the midperipheral/peripheral retina and nfieaeund extent of drop-out of perifoveal

capillaries in clock hours, should be provided.
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Table-1: Randomized clinical trials in which small umber of patients with ischemic retinal vein occlu®n were
included and/ or in which specific data from ischerit and non-ischemic cases was not provided.

Author Year Information provided on the ischemic satus of patients included
BvOS® group Il | 1984 Excluded patients with foveal capillary nomfpsion
No data available separately iBRVO and non-iBRVO
cvoS@group M | 1995 Excluded patients with macular non-perfusietinal neovascularization and vitreou
hemorrhage
Only 21/ 155 (14%) eyes had 0 DA of retinal capillary non-perfusion
No data available separately for iCRVO and non-iCRVO
SCORE-CRVO 2009 Only 3/271 (1%) patients hadl0 DA of retinal capillary non-perfusion
Ip et al®®" No data available separately for iCRVO and non-iCRVO
SCORE-BRVO 2009 Only 41/411 (10%) patients with DA of retinal capillary non-perfusion
Scott et af?*¥ No data available separately for iBRVO and non-iBRVO
CRUISE 2010 Excluded patients with RAPD
Brown et al®” Only 2/392 (0.5%) patients had 0 DA of retinal capillary non-perfusion
BRAVO 2010 0/397 (0%) patients had0 DA of retinal capillary nonperfusion
Campochiaro et
al®?
GENEVA 2010 Excluded patients with ocular neovasculairati
Haller et al®® No data available separately for iRVO and non-iRVO
ROCC 2010 Only 5/ 24 (21%) patients wifi0 DA of retinal capillary non-perfusion
Kinge et al*®® No data available separately for iICRVO and non-iCRVO
Epstein et all™? 2012 No data available separately for CRVO and i@RVO
HORIZON 2012 No data available separately for iRVO and riRvi&
Heier et af'?
GALILEO 2013 Only 14/177 (8%) patients witfi0 DA of retinal capillary non-perfusion
Holz et all*?® No data available separately for iCRVO and non-iCRVO
RETAIN 2014 No data available separately for iRVO and rivi&
Campochiaro et
al“¥
RELATE 2015 No data available separately for iRVO and i@
Campochiaro et
al4®
MARVEL 2015 No data available separately for iBRVO and ®RMO
Narayanan et &f°?
RABAMES 2015 Excluded patients with macular ischemia aravascular complications
Pielen et af*¥ 0/30 patients (0%) haell0 DA of retinal capillary non-perfusion

iBRVO = ischemic branch retinal vein occlusion; M® = ischemic central retinal vein occlusion; DAsa
areas; RAPD = relative afferent pupillary defect
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Table-2: Suggested parameters on functional diagnastmodalities to differentiate between iCRVO and no-

iCRVO
Diagnostic Parameter Findings Study
modality
Visual acuity <6/120 Sensitivity 91-100% Hayreh et al., 1996%°
Specificity 78-88%
<6/60 85% of patients with iCRVO Hayreh et al., 2014°
have visual acuity6/60
Pupillary RAPD>0.6 Log unit Sensitivity 83% Bloom et al., 1998~
examination Specificity 70%
RAPD>0.7 Log unit Sensitivity 88% Hayreh et al., 1996
Specificity 90%
PAPD>0.9 Log unit Sensitivity 80% Hayreh et al 19962
Specificity 97%
RAPD>1.2 Log Unit All eyes with ocular NV and/or | Servias et al., 1986°"
extensive retinal CNP had RAPD
of > 1.2 log units ND
Visual field I2e defect Sensitivity 94-100% Hayreh et al., 1996%
Goldmann Specificity 67-78%
perimetry _
l14e defect Sensitivity 92%
Specificity 87%
V4e defect Sensitivity 71-82%
Specificity 83-88%
ERG Reduction of b-wave Sensitivity 80-90% Hayreh et al., 1996%

amplitude by > 60% of
normal fellow eye

(in photopic and scotopic
ERG)

Specificity 71-80%

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., 19972

b-wave amplitude=56uV

Sensitivity 87.5%

in photopic ERG Specificity 86%
b-wave amplitude=76uV Sensitivity 100%
in photopic ERG 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™>

Implicit time of>37 ms
in 30 Hz flicker

75% of patients with an implicit
time of >37 ms developed ocula
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., 20083~

Interocular amplitude
difference =23,V
in 30 Hz flicker

Sensitivity 100%
Specificity 100%

Kuo et al., 20162

Interocular amplitude ratio o

60% in 30 Hz flicker

f 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., 1996%
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Ophthalmo- Central retinal venous All patients with iCRVO had McAllister et al., 2014; Jonas
dynamometry pressure > diastolic central | central retinal venous pressure > & Harder, 2007; Do et al.,
retinal arterial pressure diastolic central retinal arterial | 2008 (68:141.194)
pressure

iICRVO = ischemic central retinal vein occlusion; BAisc areas; RAPD = relative afferent pupillaryedt;
NV= neovascularization; CNP= capillary non-perfusidlD= natural density; ERG= electroretinography=u
microvolt; ms= millisecond; Hz= Hertz unit.
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Table-3: Suggested parameters on structural diagnastmodalities to differentiate between iCRVO and no-
iCRVO

Diagnostic Parameter Finding Study

modality

Ophthalmoscopy | Retinal hemorrhagel/4 of | Sensitivity 81-84% Hayreh et al., 2014
posterior retina Specificity 72-74%

FFA >10 DA of retinal CNP *93% of eyes with NVG Magargal et al., 1989%
(ischemic index50%) secondary to iCRVO have

ischemic index50%
*91% of eyes with retina/disc NV
secondary to iCRVO have
ischemic index50%

*33% and 45% of eyes with
ischemic index50% developed
NV in retina/disc and NVG,
respectively

10-29 DA of retinal CNP 16% of patients with iCRVO | CVOS, 1997%
developed anterior segment NV

>75 DA of retinal CNP 52% of patients developed
anterior segment NV

Ischemic index45% on All patients with NV (any) had | Tsui et al., 201£%
WA-FFA ischemic index45%.

iICRVO = ischemic central retinal vein occlusion;A=-fundus fluorescein angiography; DA= disc are2NP=
capillary non-perfusion; NVG= Neovascular glaucom&= neovascularization; WA-FFA= wide-angle fundus
fluorescein angiography.
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