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Abstract

Retinal vein occlusion (RVO) can have severe consequences
for the people affected by the disease, including visual loss
with costly social repercussions. Currently, there is no Euro-
pean consensus with regard to the management of RVO. Fol-
lowing a careful review of the medical literature as well as the
data from several clinical trials, a collaborative group of reti-
na specialists put forth practical recommendations based on
the best available scientific evidence for the clinical ap-
proach to RVO. Taking into consideration the recent advanc-
es in diagnostic tools and management options, the present
document aims to provide the European ophthalmologists
with guidelines for clinical practice to the benefit of their

patients. Copyright © 2011 S. Karger AG, Basel

1. Introduction

Retinal vein occlusion (RVO) has been defined as a
retinal vascular disorder characterized by engorgement
and dilatation of the retinal veins with secondary, mostly
intraretinal hemorrhages and intraretinal edema, retinal
ischemia including cotton wool spots, retinal exudates
and macular edema [1-8]. As soon as the foveal region is
affected by macular edema, central visual acuity (VA)
drops, leading to a progressive, or sometimes acute, pain-
less loss in vision.

RVO is a common cause of visual loss in the Western
world. RVO is the second most common cause of reduced
vision due to retinal vascular disease, just after diabetic
retinopathy [9, 10], with branch retinal vein occlusion
(BRVO) occurring 2-3 times more often than central ret-
inal vein occlusion (CRVO) [11, 12]. The incidence of vein
occlusion was reported to be 0.7% for the age group of 49-
to 60-year-olds, and 4.6% after the age of 80 years. It is
currently estimated that there are about 520 new RVO
cases per million people [13], of which 442 are BRVO cas-
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es and 80 CRVO cases. RVO typically occurs in middle-
aged and elderly individuals (older than 50 years), with
an equal gender distribution.

The etiology of RVO is still incompletely known. An
external compression of the vein wall is suggested, in
CRVO at the level of the lamina cribrosa, in BRVO at the
level of arteriovenous crossing. Many additional factors
may occur, including a partial obstruction of the retinal
venous system by thrombus formation [9, 14, 15].

RVO are differentiated by their location into: (1)
CRVO if the whole venous retinal system is involved and
the presumed site of increased venous outflow resistance
is located in, or posterior to, the lamina cribrosa, and (2)
BRVO if the venous engorgement involves only branches
of the retinal venous network. It can be limited to a small
peripheral arteriovenous crossing or involve a whole
quadrant when occurring at the edge of the optic nerve.
If the superior or the inferior hemisphere of the fundus
is involved, the presumed site of the occlusion is one of
the two trunks of the intraneural central retinal vein
when this congenital abnormality exists. This entity
(hemicentral RVO) is considered a variant of CRVO [9,
14, 15].

CRVO is classically characterized by disk edema, in-
creased dilatation and tortuosity of all retinal veins,
widespread deep and superficial hemorrhages, cotton
wool spots, retinal edema and areas of capillary nonper-
fusion. It is classically divided into ‘perfused’ (nonisch-
emic) and ‘nonperfused’ (ischemic). BRVO has similar
features, but these are confined to only a section of the
retina [16].

In view of the significant ophthalmological and med-
ical consequences of RVO, these guidelines drafted by a
panel of European experts promote a good standard of
practice and the achievement of best visual and medical
outcomes. This document aims to provide updated rec-
ommendations on the management of RVO in the light
of recent advances in the diagnosis and treatment of both
BRVO and CRVO. It is intended to be used by ophthal-
mologists as well as by general physicians.

2. Methods

A group of 9 retina specialists from all over Europe, who are
opinion leaders in medical retinal diseases, constituted the RVO
Guidelines Development Group. The group consisted of: Gabriel
Coscas and Gisele Soubrane, France; Anat Loewenstein, Israel;
Francesco Bandello, Giovanni Staurenghi and Paolo Lanzetta, It-
aly; Albert Augustin, Germany; Jordi Monés, Spain, and Marc de
Smet, Switzerland. The guidelines were discussed and endorsed by
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an additional group of 10 retina specialists: José Sahel, France; Se-
bastian Wolf and Thomas Wolfensberger, Switzerland; Victor
Chong and Adnan Tufail, UK; Anselm Kampik and Jost Jonas,
Germany; Borja Corcostegui, Spain; Urban Eriksson, Sweden, and
José Cunha-Vaz, Portugal. For the purpose of this review, litera-
ture searches were performed in the MEDLINE/PubMed and Co-
chrane Library databases (cutoff date: December 2010).

3. Pathophysiology
3.1. Branch Retinal Vein Occlusion

In the majority of cases, BRVO occurs at retinal arte-
riovenous crossing sites sharing a common adventitia [9].
In nearly all cases, the artery lies anterior to the vein,
making the vein vulnerable to compression by the artery,
resulting in turbulent flow, which in turn leads to a pre-
disposition toward endothelial damage and thrombus
formation [10, 11]. This process is exacerbated in the pres-
ence of arteriosclerosis [9, 10, 12, 17]. Turbulent flow at
arteriovenous crossing sites has been demonstrated by
fluorescein angiography [5].

3.2. Central Retinal Vein Occlusion

Several hypotheses exist regarding the pathogenesis of
CRVO. The central retinal vein may be compressed by the
central retinal artery since they share a common fibrous
sleeve [17]. Degenerative or inflammatory disease of the
central retinal vein wall, as well as hemodynamic factors
such as hypotension and blood dyscrasia, may also play a
role [17-20]. Stagnation of venous blood flow, leading to
the formation of a thrombus, is the final common path-
way of all these mechanisms. Histopathologic studies
demonstrate that thrombus formation in all or most
CRVO cases takes place at the lamina cribrosa or just pos-
terior to it [14]. The perfused type of CRVO is thought to
occur more posteriorly to the lamina cribrosa, where the
increased availability of collateral channels results in less
complete occlusion [18].

4. Risk Factors
4.1. Ophthalmological Risk Factors: Glaucoma
Open-angle glaucoma is the most common ocular fac-

tor predisposing subjects to RVO. The increased intra-
ocular pressure is thought to compromise retinal vein
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outflow and produce stasis [26, 29, 41]. Recent evidence
points to an association between CRVO and glaucoma
[40, 42]. An association of BRVO with glaucoma has also
been reported in one study [29].

4.2. Systemic Risk Factors

Established cardiovascular risk factors are most often
medically associated with both central and branch vein
occlusions [18, 21, 22]. Virchow’s triad established the
cardiovascular thrombogenic risk factors of vessel dam-
age, stasis and hypercoagulability [23]. In patients over 50
years of age, a cardiovascular risk factor is usually pres-
ent. In patients younger than 50 years of age, an obvious
risk factor is absent in 60% of cases [24, 25]. More than
90% of cases of RVO occur in the age group over 50 years
[23].

4.2.1. Hypertension and Cardiovascular Disease

A common finding is a recently diagnosed or uncon-
trolled hypertension. This major risk factor is more prev-
alent in patients with BRVO than in those with CRVO.
More than 64% of RVO patients in the age group over 50
years are hypertensive, and it is a predominant finding in
recurrent RVO (88%) [26, 27]. Likewise, vascular events
(cardiovascular, cerebral) are observed more often in pa-
tients with preexisting RVO [27].

4.2.2. Hyperlipidemia and Hypercholesterolemia

This is the predominant risk factor for RVO in pa-
tients under 50 years old. It is also found in up to 50% of
older patients [28]. It was reported that 71.4% of all pa-
tients tested with RVO do have hypercholesterolemia
[29].

4.2.3. Diabetes Mellitus

Diabetes mellitus is significantly associated with
CRVO [30]. It was not, however, found to be an inde-
pendent risk factor for BRVO [29, 31-38], possibly be-
cause of an increased presence of confounding coex-
isting cardiovascular risk factors in these patients [26,
29, 39].
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4.2.4. Other Vascular Risk Factors

High body mass index and smoking have also been
implicated in RVO, but these associations are less consis-
tent [28, 33, 40].

4.2.5. Thrombophilia

Initial information about the risk from coagulopa-
thies comes from retrospective studies and case reports
[23]. In fact, the role of thrombophilic defects in the de-
velopment of RVO was first proposed when elevated lev-
els of homocysteine were observed in patients with RVO.
However, an association to the C677T dimorphism in the
methylenetetrahydrofolate reductase gene could not be
established [9, 11]. Two meta-analyses showed that the
factor V Leiden mutation increases the risk of RVO by
about 50-60% [9, 12], whereas other prothrombotic de-
fects — i.e. prothrombin G21201A and deficiencies of an-
tithrombin and of protein C or S — are not associated with
RVO [9].

The role of lupus anticoagulant and anticardiolipin
antibodies in RVO is uncertain [9, 10, 13, 43-51]. The re-
lationship between fibrinolysis and RVO has not received
much attention, but so far does not show to be strong [10,
15, 16]. Since RVO occurs at arteriovenous crossings,
where the blood flow is locally turbulent, changes in
platelet reactivity due to polymorphisms in the platelet
receptors may be important. One study suggests that
there may be some genetic predisposition in patients with
RVO.

Since thrombophilic defects are mainly of genetic ori-
gin (except hyperhomocysteinemia, which is dietary in
nature), a family history of thrombotic events (deep ve-
nous thrombosis, pulmonary emboli or multiple sponta-
neous abortions) can often be revealing. Screening pa-
tients with such a history entails a better chance of iden-
tifying patients at risk.

4.2.6. Rarer Associations

Findings such as oral contraceptives and optic disk
vasculitis are more prominent in younger patients (less
than 50 years old) [24, 52]. There is a lack of consensus
with regard to the roles of these factors, with some re-
searchers claiming that they are not significant risk fac-
tors [53, 54].

Coscas et al.



4.2.7. Other Observations

Myeloproliferative disorders (such as lymphoma and
leukemia) are found in 1% of patients presenting with
RVO [30]. Other rare associations with RVO are inflam-
matory diseases that cause or are associated with retinal
vasculitis. Often in this setting, the RVO presents adja-
cent to a site of retinal granulomatous infiltration or in
a peripheral distribution with involvement of multiple
small vessels. It also tends to affect younger individuals.
Among the diseases to consider are sarcoidosis, toxoplas-
mosis, tuberculosis, Behget’s disease, systemic lupus ery-
thematosus, polyarteritis nodosa, Wegener’s granuloma-
tosis and Goodpasture’s syndrome [23]. Recently, an as-
sociation with sleep apnea has been reported [55].

4.2.8. Summary

The proven association of RVO with systemic vascu-
lar diseases emphasizes the need to screen new patients
for vascular risk factors such as hypertension, dyslipid-
emia and diabetes. Treatment of these underlying causes
is of paramount importance in preventing considerable
morbidity. An investigation of thrombophilia should be
considered when no other obvious etiology is present
[23].

5. Natural History of RVO
5.1. Central Retinal Vein Occlusion
5.1.1. Visual Acuity

Natural history reported by the Central Vein Occlu-
sion Study (CVOS) Group [8, 56] and a systematic litera-
ture review [57] testify to a generally poor visual outcome
in CRVO. The VA at presentation has a key prognostic
significance:

« eyes with an initial VA of 20/40 or better have a more
tavorable visual prognosis than those with a worse ini-
tial VA;

« only20% of eyes with an initial VA between 20/50 and
20/200 improve spontaneously to 20/50, while

» 80% of patients whose baseline vision is worse than
20/200 remain at this level or deteriorate further [56].

Loss of VA is usually more pronounced with ischemic

than with nonischemic CRVO, although vision also tends

to be poor in eyes with the nonischemic type [57]. The
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CVOS reported that 63% of nonischemic eyes had VA
scores of less than 20/40 [7].

The Standard Care vs. Corticosteroid for Retinal Vein
Occlusion (SCORE) study reported that at least 75% of
eyes (ischemic and nonischemic CRVO) in the obser-
vation group had VA of 20/40 or worse after 12 months
[58].

The Ozurdex® GENEVA study found that only 7.5%
of patients (ischemic and nonischemic CRVO) in the ob-
servation group had improved vision by at least 15 letters
from baseline after 30 days of treatment initiation when
tested 30 days after CRVO, and this percentage increased
to 17.6% after 180 days [59]. A meta-analysis by McIntosh
etal. [57] reported that the mean decrease in VA for isch-
emic CRVO was 35 letters after 12 months or longer fol-
low-up, compared to a decrease of an average of 3 letters
over a follow-up of at least 12 months in nonischemic
CRVO.

5.1.2. Conversion from Ischemic to Nonischemic
CRVO

Fluorescein angiography helps to detect and evaluate
an extension of a perfused or nonperfused area (capillary
exclusion zone), not only at the periphery but also at the
posterior pole with enlargement of the foveal avascular
zone. While these changes are irreversible, the ischemia
observed initially may be only relative: delayed circula-
tion resulting from vascular stasis as well as inflamma-
tion of the vessel wall are reversible with the development
of collaterals.

A conversion rate from ischemic to nonischemic CRVO
over 18 months has been initially reported [18]. Conver-
sion rates of 12.6% reported in other studies ranged from
0 [60] to 27% [61] during a follow-up varying from 10
weeks to 13 months after CRVO. The CVOS [55] reported
that in the first 4 months of follow-up, 81 (15%) of 547 eyes
with good perfusion converted to ischemia. During the
next 32 months of follow-up, additional 19% of eyes were
found to have converted to ischemia, for a total of 34% af-
ter 3 years. The development of nonperfusion or ischemia
was most rapid in the first 4 months and progressed con-
tinuously throughout the entire duration of follow-up.

5.1.3. Neovascularization

The incidence of neovascularization secondary to (ini-
tially) nonischemic CRVO has been found to vary from 0
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Fig. 1. Well-perfused central vein occlusion with macular cystoid
edema. Before and after treatment. Intravitreous injection of
dexamethasone implant. a Before intravitreal Ozurdex injection.
Fluorescein angiography shows a relatively well-perfused macu-
lar cystoid edema. The spectral domain optical coherence tomog-
raphy shows increased thickness of the retina, with central retinal
thickness (CRT) at 567 .m. Many large central cystoid spaces and
extensive retinal detachment with subretinal fluid accumulation

to 33% over 12-15 months [57]. In one study [62] in which
the CRVO subtype was not classified, an incidence as
high as 50% was reported at 6 months after CRVO. The
strongest predictors of anterior segment (iris or angle)
neovascularization were VA and the extension of non-
perfused areas, seen by fluorescein angiography. In the
CVOS, of those eyes initially categorized as nonperfused

8 Ophthalmologica 2011;226:4-28

After treatment

can be seen. b Three-month follow-up. Increase in CRT to 1,000
pm and dramatic extension of the cystoid spaces and subretinal
fluid associated with drop in vision (20/200). ¢ Four-month fol-
low-up after Ozurdex injection. CRT progressively normalized (to
207 wm). The foveal depression became quite normal without cys-
toid spaces or subretinal fluid. The hyperreflective dots dis-
appeared, and the external limiting membrane became clearly
visible.

or indeterminate, 35% (61/176) developed iris or angle
neovascularization, compared with 10% of eyes (56/538)
initially categorized as perfused [56].

Ischemic CRVO is associated with a higher risk of neo-
vascular glaucoma, which was reported to develop in at
least 23% of cases within 15 months [57]. Neovasculariza-
tion is first detected by gonioscopy as a fine vascular net-
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work adjacent to the trabecular meshwork. Next, it can be
seen at the pupillary margin, where a fine vascular net-
work causes an ectropion uveae. These occur before clo-
sure of the angle and neovascular glaucoma. A 10% inci-
dence of post-CRVO vitreous hemorrhage has been doc-
umented at 9 months [63].

5.1.4. Macular Edema

Macular edema is a major complication of both isch-
emic and nonischemic CRVO. Most studies reported the
presence of macular edema at baseline. There are too few
reported cases of macular edema developing after RVO
to make statements on incidence rates. They include the
report of a 0-73% resolution for the ischemic type, and of
about 30% for the nonischemic type over 2-15 months
(57].

Chronic macular edema is associated with poor visual
prognosis but needs to be treated (fig. 1). Early interven-
tion is justified by the finding that the longer the duration
of edema, the greater the likelihood of structural damage
to the fovea [57]. The Ozurdex GENEVA study showed
that although improvement in the sham group was great-
er with shorter duration of macular edema, the response
to treatment was not dependent on time [59].

5.1.5. Fellow-Eye Involvement

The existence of systemic risk factors makes the fellow
eye similarly vulnerable. Approximately 5-10% of CRVO
cases were reported to develop RVO in the fellow eye over
a l-year period [57, 64-67].

5.2. Branch Retinal Vein Occlusion
5.2.1. Visual Acuity

Vision at presentation in eyes with BRVO is generally
worse than 20/40. Although it generally improves (in one
report from an average of 1 letter at 6 weeks to 28 let-
ters at 24 months) [68], significant improvement beyond
20/40 is rare [69]. The Branch Vein Occlusion Study
(BVOS) reported that 20% of untreated eyes experienced
significant visual deterioration over time. Approximately
50% of untreated eyes with BRVO retained a VA of 6/12
or better, while in 25% of cases, final VA was less than
6/60 [70, 71].
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5.2.2. Neovascularization

The incidence of neovascularization is relatively low in
BRVO, except in cases with extensive (more than one
third of the fundus) ischemia. But there is a lack of mean-
ingful studies on the incidence of neovascularization in
BRVO patients [69].

5.2.3. Macular Edema

Few data are available on the incidence of macular
edema. Macular edema may develop in 5-15% of eyes
over a l-year period [69]. Another study reported an
incidence of 15% at 7.5 months following the onset of
BRVO [72]. Of eyes with macular edema at presentation,
18% achieved resolution by 4.5 months, and 41% by 7.5
months. Unlike for CRVO, the Ozurdex GENEVA study
showed improvement in treatment groups as well as the
sham group with shorter macular edema duration (fig. 2)
[59].

5.2.4. Fellow-Eye Involvement

Bilateral involvement at recruitment to studies has
been reported in 4.5-6.5% of patients [2, 73]. The BVOS
reported a rate of 9% of bilateral involvement, although it
is unclear if both eyes were involved at presentation or
whether bilateral involvement developed over time [70,
71]. Michels and Gass [74] reported a 10% development of
BRVO in the fellow eye over time. Cross-sectional popu-
lation data suggest a 5% bilateral involvement [40, 64-67].

6. Management

The management of RVO is centered on two main ob-
jectives: (1) the identification of modifiable risk factors
and their medical management, and (2) the recognition
and management of sight-threatening complications.

6.1. Medical Management

6.1.1. Systemic Risk Factors

Management of RVO should address several targets

including the identification and management of sys-
temic risk factors (specifically hypertension, cardiovas-
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Fig. 2. BRVO with macular cystoid edema. Before and after
treatment. Intravitreous injection of dexamethasone implant.
a Baseline. Branch vein occlusion, localized at an arteriovenous
crossing at 1 disk diameter from the disk, associated with nu-
merous hemorrhages and macular cystoid edema limited to the
inferior half of the central avascular zone. The spectral domain
optical coherence tomography section shows the central retinal
thickness (CRT) at 516 pum and a limited subretinal detachment.
The external limiting membrane is still visible, but the inner/

cular disease, diabetes mellitus, hyperlipidemia and
thrombophilia). Treatment of underlying medical con-
ditions is required to prevent nonocular events, e.g. myo-
cardial infarcts and cerebrovascular events [75, 76], and
to reduce the risk of venous occlusion in the fellow eye
(77].

Medical investigations of underlying systemic risk
factors are recommended in the presence of ocular find-
ings associated with RVO (dilated retinal veins and few
scattered hemorrhages without any macular edema in
asymptomatic patients or in patients with transient epi-
sodes of blurring who may have a slight increase in reti-
nal circulation time on fluorescein angiography). Prompt
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outer segment interface is thickened and hyperreflective. A
number of hyperreflective dots are present. b Four-month fol-
low-up. Complete fluid regression and flattening of the retina
(CRT =335 pm). The outer nuclear layer became quite normal,
the hyperreflective dots disappeared, the external limiting
membrane and the inner/outer segment interface became regu-
lar and clearly visible; the retinal pigment epithelium layer was
normal. VA: 20/80.

initiation of treatment for underlying medical condi-
tions may avert the progression or resolve the existing
occlusion [78].

Since the population-based studies mentioned above,
as well as multicenter prospective studies such as the
CVOS have shown associations between RVO and glau-
coma or arterial hypertension [7, 26, 29, 37, 40, 56], these
conditions should be excluded, or if present, treated ac-
cordingly. So far, it has remained unclear whether a low-
ering of intraocular pressure in the case of glaucoma pa-
tients, or a better control of blood pressure in the case of
patients with arterial hypertension, is beneficial to the
final visual outcome after RVO.

Coscas et al.



6.1.2. Anticoagulants, Fibrinolytic Agents and
Antiplatelet Drugs

These would seem to be logical treatments, but results
from trials using heparin, streptokinase and warfarin
have been disappointing, with limited evidence of any
benefit owing to adverse effects of retinal and vitreous
hemorrhage. Aspirin is not recommended for primary
prevention of cardiovascular events. Given that there is
insufficient evidence to suggest that RVO is a risk factor
for stroke or vascular mortality, the role of aspirin in RVO
remains equivocal.

6.1.3. Hemodilution

Several studies have suggested a beneficial effect of he-
modilution as a therapy in the early phase of RVO. He-
modilution is expected to prevent the slowdown of blood
circulation and its complications by dramatically lower-
ing blood viscosity. Some randomized studies have been
published on the topic and concluded on a statistically
significant difference between treated and nontreated pa-
tients [61, 79-82]. Nevertheless, these monocenter studies
were conducted in the 1980s and 1990s, and they used
different treatment protocols.

A recent prospective multicenter study using a new
method of hemodilution, erythrocytapheresis, con-
firmed these positive results. Hemodilution should there-
fore be recommended in recent-onset CRVO and BRVO
when there are no contraindications to treatment (in-
cluding ischemic forms of CRVO requiring panretinal
laser photocoagulation, diabetes, uncontrolled systemic
hypertension, severe cardiac or renal failure, anemia and
sickle cell disease) [83].

6.2. Ophthalmological Management

Although the systemic investigations and treatment
are identical for all types of vein occlusion, the ophthal-
mological management of CRVO and that of BRVO differ.
Both of them will therefore be considered separately. The
latest breakthrough in the management of RVO is the
dexamethasone intravitreal implant (Ozurdex) has re-
ceived its FDA and EU licenses for the treatment of RVO.
These were based on the Ozurdex GENEVA study results
[59]. Ranibizumab has recently received FDA approval for
the treatment of RVO in the USA [84, 85], but has not been
approved yet by the EMA (European Medicines Agency).
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6.2.1. Management of CRVO
6.2.1.1. Classification of CRVO Subtypes

The first step in CRVO management is represented by
the differential diagnosis between nonischemic (or well
perfused) CRVO and ischemic CRVO, with an evaluation
of nonperfused capillary areas at the posterior pole and
of the presence/extension of nonperfused zones at the pe-
riphery on fluorescein angiography. The indications for
treatment of sight-threatening complications by means of
both systemic and ophthalmological management of
CRVO are based on this differentiation.

In nonischemic CRVO, major vision-threatening
complications are macular edema and conversion to isch-
emia. In ischemic CRVO, a major vision-threatening
complication is the development of ocular neovascular-
ization, especially in the anterior segment of the eye (iris
and angle, up to neovascular glaucoma). Macular edema
can occur in all forms of CRVO.

Even though the differentiation between ischemic and
nonischemic may be difficult, at least initially or at early
stages, many clinical and functional features that are typi-
cal of ischemic CRVO can guide the diagnosis [3, 8, 13, 56,
86]. The findings include: poor VA; relative afferent pupil-
lary defect; presence of multiple dark, deep intraretinal
hemorrhages; presence of multiple cotton wool spots; fluo-
rescein angiography showing extensive (more than 10 disk
areas of nonperfusion) retinal capillary nonperfusion not
only at the periphery, but also in the macular area [8].

The presence of macular ischemia (evaluated by en-
largement of the foveal avascular zone on fluorescein an-
giography) has prognostic significance as it indicates a
lower likelihood of visual recovery. A potential for con-
version from nonischemic to ischemic CRVO has been
reported in 12-30% of cases over a follow-up period of 3
years [2, 56].

While fluorescein angiography can be useful to deter-
mine the degree of vascular incompetence, spectral do-
main optical coherence tomography (SD-OCT) is an im-
portant tool in the management of patients with vein oc-
clusion as it is critical and helps to quantify the amount
of cystoid macular edema, and supplies additional infor-
mation such as whether the accumulated fluid is located
mostly within the retinal layers or in the subretinal space
as well [72]. After resorption of this fluid, severe ischemia
induces an accentuated reduction of thickness and atro-
phy of the macular area.

Final visual prognosis is dependent on the presence
and integrity of the external limiting membrane and of

Ophthalmologica 2011;226:4-28 11



the inner and outer segments of the photoreceptors (in-
ner/outer segment interface). Hyperreflective dots on SD-
OCT, mainly in the outer layers, are suggestive of an in-
flammatory reaction, and may be a marker of disease ac-
tivity [87].

In case of preocclusive disease with initial intraretinal
hemorrhages and tortuosity of retinal vessels, SD-OCT
may show a normal appearance. In case of impending
vein occlusion, patches of increased reflectivity are pres-
ent at the level of the inner plexiform layer with a shadow
effect. When an ischemic component exists, a thinning
of the nerve fiber layer soon becomes evident.

Good evidence exists to show that early treatment can
be beneficial to treatment. This is especially important in
contrast to the previous common notion of waiting at
least 3 months before initiating treatment for vein occlu-
sion [59, 86].

6.2.1.2. Management of Nonischemic and
Well-Perfused CRVO

6.2.1.2.1. Nonischemic CRVO and Good VA

In patients with nonischemic (well-perfused) CRVO
and good VA (better than 20/40), the prognosis is favor-
able and monitoring is possible. In this case, no immedi-
ate therapy needs to be advised, but there still is a need to
screen all new patients for vascular risk factors such as
hypertension, dyslipidemia and diabetes. Treatment of
these underlying causes is of paramount importance to
prevent complications. An investigation of other risk fac-
tors should be considered only when the clinical history
suggests their presence, in the absence of other obvious
etiology [23]. Local factors predisposing to or associated
with CRVO, such as open-angle glaucoma, should be
ruled out and treated appropriately to reduce the risk of
progression to a more ischemic state [40, 42].

Monitoring during follow-up is aimed at identifying
persistent macular edema and/or conversion to ischemic
CRVO. Key elements in the clinical examination include
VA assessment, biomicroscopy and OCT. Fluorescein an-
giography should be performed whenever there is doubt
regarding progression, or to assess the degree of ischemia.

Patients should be monitored monthly for the first 3
months, and then every 2 months for the first year. Dur-
ing this monitoring period, patients should be instructed
to return promptly whenever they notice a decrease in vi-
sion, a possible indication of macular edema, or the con-
version to ischemic CRVO.
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6.2.1.2.2. Nonischemic CRVO and VA of 20/40
or Less

In nonischemic CRVO, with a VA which is 20/40 or
less, one should search for macular edema. In case of
macular edema, treatment should be initiated rather than
observation.

6.2.1.2.3. Management of Macular Edema in
Well-Perfused CRVO

6.2.1.2.3.1. Laser Photocoagulation

In the CVOS, even though grid laser photocoagulation
was able to reduce macular edema, there was no statisti-
cally significant VA benefit, except for the younger pa-
tient group [88]. Thus, grid laser photocoagulation is not
currently indicated.

Current treatment options include corticosteroids and
antivascular endothelial growth factor (VEGF) ap-
proaches. Eyes affected by macular edema secondary to
CRVO must be considered for treatment whenever VA is
lower than 20/40. Indeed, a natural history of eyes with
VA greater than 20/40 is more often favorable [69].

6.2.1.2.3.2. Corticosteroids Approach

Several corticosteroids formulations exist. However,
not all steroids are the same in potency and side effects.
The rationale for the use of steroids to treat macular ede-
ma is related to their ability to reduce capillary permea-
bility, and to inhibit the expression of VEGF gene and the
metabolic pathway of VEGF. Therapy with corticoste-
roids should rely on randomized clinical trials.

6.2.1.2.3.2.1. Dexamethasone

Dexamethasone has been used for a long time as a po-
tent corticosteroid that decreases inflammatory media-
tors implicated in macular edema. Previous data suggest
fewer side effects than for other corticosteroids.

Dexamethasone is highly soluble and has a short half-
life following intravitreal injection. To provide a sus-
tained delivery of dexamethasone, a slow release, biode-
gradable implant (Ozurdex; Allergan) was developed,
providing medication for up to 6 months at the posterior
pole following implantation in the vitreous cavity. Its
therapeutic effects on macular edema associated with
RVO were investigated in a 6-month, randomized, con-
trolled clinical trial (the Ozurdex GENEVA study) [59]. A
prefilled, single-use applicator containing 0.7 mg of dexa-
methasone in a slow-release polyglycolate-acetate im-
plant allows the insertion of the drug.
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The study design included 2 identical, randomized,
prospective, multicenter, masked, sham-controlled par-
allel groups. In the double-masked initial treatment
phase, patients were randomly assigned (1:1:1) to receive
either a 350-pg or a 700- g dexamethasone implant, or
to receive sham treatment (needleless applicator). In the
second open-label phase (second injection), all eligible
patients received a 700-png dexamethasone implant and
were followed for 6 months using the same follow-up
protocol as in the initial phase. The primary endpoint
was the time to achieve a =15-letter improvement (3
Snellen lines) in best-corrected VA (BCVA), and key sec-
ondary endpoints included BCVA over the 6-month tri-
al period, central retinal thickness measured by OCT,
and safety.

The Ozurdex GENEVA study demonstrated that the
biodegradable implant containing 0.7 mg of dexametha-
sone (Ozurdex) resulted in improved VA, revealing a
peak effect after 2 months and a progressive decline to
baseline values at 6 months. On average, patients
achieved a 10-letter gain at day 60 after implantation. VA
improvement can be effectively achieved after a second
injection at month 6 over a 1-year follow-up [59]. Ana-
tomically, improvements in macular edema were docu-
mented by OCT.

The data on safety showed a low cataract rate and low
rates of intraocular pressure increases. Moderately
raised intraocular pressure was registered in about 15%
of cases, with a peak at month 2, but it tended to decline
over the follow-up period, especially if treated with an-
tiglaucoma drops, with the majority of patients being
able to discontinue the drops by 6 months after implan-
tation. No adverse events were related to the injection.

The study was also able to show that early treatment of
macular edema was more beneficial than delayed treat-
ment in restoring VA. A post hoc analysis suggested that
eyes treated within 90 days since the onset of cystoid mac-
ular edema were more likely to improve than eyes in
which the treatment was instituted after this time point.
It is likely that a dexamethasone implant should be rein-
jected more frequently, following the individual response
of each patient over the follow-up.

Ozurdex has received FDA and EU approval and is li-
censed in all EU countries for the treatment of adult pa-
tients with macular edema following CRVO. The results
of the study suggest that the slow-release device for intra-
ocular dexamethasone delivery could be considered a
tirst-choice therapy for the management of macular ede-
ma in well-perfused CRVO.
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6.2.1.2.3.2.2. Triamcinolone Acetonide

A triamcinolone acetonide preparation containing
benzyl alcohol has been used for a number of years to
treat patients off label (Kenalog®; Squibb). Many small
case series regarding the beneficial effects of this prepara-
tion in the treatment of macular edema associated with
nonischemic CRVO have been published [16]. However,
Kenalog has a number of side effects including the devel-
opment of cataract and raised intraocular pressure. The
presence of benzyl alcohol also leads to an increased risk
of sterile endophthalmitis. Though indicated for intra-
articular joint use, its ocular use is contraindicated.

The multicenter SCORE trial [58, 89] has confirmed
the beneficial effects of intravitreal triamcinolone ace-
tonide for the treatment of macular edema associated
with nonischemic CRVO [90]. For the purpose of this
study, a preservative-free triamcinolone preparation was
used (Trivaris; Allergan). In the SCORE CRVO study
[90], 271 participants with macular edema secondary to
perfused CRVO were included. The odds of achieving the
primary outcome were 5.0 times greater in the 1-mg
group than in the observation group (p = 0.001), and 5.0
times greater in the 4-mg group than in the observation
group (p = 0.001). There was no difference identified be-
tween the 1-mg and 4-mg groups (p = 0.97).

The 1-mg dose showed a better safety profile com-
pared with the 4-mg dose, with lower incidence rates of
raised intraocular pressure, cataract formation, progres-
sion and surgery. Although FDA approved, Trivaris is not
yet available in Europe.

As a consequence, at present there is no evidence to
suggest that the visual and anatomical responses seen
with Trivaris in the SCORE study would be achieved with
off-label intravitreous triamcinolone acetonide prepara-
tions such as Kenalog.

6.2.1.2.3.3. Anti-VEGF Approach

Intravitreal anti-VEGF administration of ranibizu-
mab, bevacizumab and pegaptanib have been investi-
gated.

6.2.1.2.3.3.1. Ranibizumab

Ranibizumab is a pan-VEGF blocker (Lucentis®; No-
vartis) proved to be effective in the CRUISE trial [84]. Ra-
nibizumab was injected monthly in 2 doses (0.3 and 0.5
mg) for the first 6 months, producing a mean gain in VA
of 12.7 and 14.9 letters, respectively, compared with sham
injection at 6 months. Following the first 6 months, all
patients underwent an open-label extension with an ad-
ditional 6 months of follow-up with therapy pro re nata.
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Overall, the 12-month results suggested that the vi-
sual gain could be sustained. Moreover, earlier treatment
could lead to a greater functional improvement than de-
layed therapy. Ranibizumab 0.5 mg has received a license
for the treatment of macular edema following RVO in the
USA, and a regulatory authorization is expected within
the year 2011 in the EU.

6.2.1.2.3.3.2. Bevacizumab

Bevacizumab isa pan-VEGF blocker (Avastin®; Roche)
unlicensed for intraocular use. Although there is no ran-
domized clinical trial involving bevacizumab in RVO,
many uncontrolled case series have reported that intra-
vitreal administration can lead to a VA improvement and
resolution of macular edema [91, 92]. However, because
of the variation in dosing and treatment regimens among
these studies, both long-term outcomes and safety data
remain unclear. The drug has the advantage to be less
costly, which has helped its widespread use.

6.2.1.2.3.3.3. Pegaptanib

Pegaptanib is a selective anti-VEGF'®> blocker (Macu-
gen®; Pfizer). The first multicenter randomized study on
the effect of anti-VEGF therapy in the treatment of RVO
was designed to evaluate the efficacy of pegaptanib so-
dium. The results were reported in 2006 at the Congress
of the European Vitreoretinal Society. Patients with vi-
sual loss due to macular edema secondary to CRVO were
randomly assigned to sham injection, 0.3 mg or 1 mg of
pegaptanib sodium. A phase II trial indicated that 0.3
mg intravitreal pegaptanib given every 6 weeks over a
6-month follow-up improved VA by approximately 7 let-
ters at 6 months [93]. The best treatment regimen and
response to treatment in the long run still remain unclear.

6.2.1.2.3.4. Recommendations for Further Follow-Up

Follow-up after the initial 6 months will depend upon
whether steroid or anti-VEGF treatment was initiated for
macular edema, but it will normally be required for up to
2 years in uncomplicated cases. The eyes should be mon-
itored for conversion to ischemia and for occurrence/re-
currence of macular edema. The development of disk col-
laterals and the resolution of macular edema should lead
to discharge from close clinical supervision, but the risk
of conversion remains present and should be explained to
the patients.

Recurrence or persistence of macular edema, diag-
nosed by a decrease in VA and/or by biomicroscopic and
OCT examination (and fluorescein angiography in case
of any doubt), should lead to a decision of reinjection dur-
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ing the follow-up period. Additional laser photocoagula-
tion could be suggested for nonresponding or partially
responding patients, or for patients not complying with
multiple reinjections.

6.2.1.3. Management of Ischemic CRVO

In patients with ischemic CRVO, primary evaluation
should assess the presence of macular perfusion as well
as the existence of neovascularization.

6.2.1.3.1. Macular Perfusion

In cases with macular edema and a still perfused mac-
ula, the same treatment as outlined above for cases of
nonischemic CRVO should be initiated.

In case of a macula which is nonperfused, treatment
should be initiated even if the expectation of visual im-
provement remains limited. Dexamethasone implants
have been reported to be effective at least in a subset of
patients [94].

6.2.1.3.2. Peripheral Nonperfusion

Ischemic CRVO is usually characterized by peripheral
retinal nonperfusion greater than 10 disk diameters, as
evaluated by fluorescein angiography examination. De-
velopment of ocular neovascularization is directly related
to the extent of nonperfusion.

Cases with extensive retinal nonperfusion, or with
limited compliance, may be considered for early panreti-
nal photocoagulation (PRP) in an attempt to block the
development of ocular neovascularization. In less severe
cases, scatter treatment directed at the nonperfused areas
may be sufficient.

In addition to an eventual treatment for macular ede-
ma, patients with ischemic CRVO without neovascular-
ization should be followed up at least monthly, undergo-
ing VA, biomicroscopy, OCT and fluorescein angiogra-
phy (if needed). The corneal angle and iris should also be
examined in an attempt to discover early neovascular
tufts [95].

6.2.1.3.3. Management of Neovascularization

6.2.1.3.3.1. Anterior Segment Neovascularization

Whenever anterior segment neovascularization (angle
and/or iris neovascularization) is identified, evidence-
based medicine supports the administration of PRP. In
particular, the extension of anterior segment neovascu-
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larization (which explicitly requires PRP) has been de-
fined as any angle neovascularization and/or 2 clock
hours of iris neovascularization [8].

A complete PRP can be achieved in single or multiple
sessions to cover the entire retina from the periphery to
the vascular arcades. PRP generally requires a minimum
0f 1,500-2,000 burns, or even more, of 500-wm size, with
0.1-second applications. Laser burns should be placed 1
burn width apart with sufficient energy to produce a pale
white burn in the retina. Treatment is usually placed try-
ing to avoid areas of retinal hemorrhage. The laser appli-
cation must begin with the inferior quadrants, may be
completed in a few weeks, and can be repeated whenever
anterior segment neovascularization fails to regress.

Even though there is no randomized clinical trial of
the combined therapy, it is reasonable to administer an
intravitreal anti-VEGF agent in association with PRP as
it may lead to faster regression of anterior segment neo-
vascularization [96, 97]. Limited experience has been
gained regarding the treatment of anterior segment neo-
vascularization with anti-VEGF monotherapy [98]. How-
ever, none of the available anti-VEGF agents (bevacizum-
ab, ranibizumab and pegaptanib) currently has regula-
tory approval for such an indication.

6.2.1.3.3.2. Posterior Segment Neovascularization

Posterior segment neovascularization (retinal and/or
optic disk neovascularization) can develop alone or in
association with anterior segment neovascularization.
However, posterior segment neovascularization can be
treated with PRP, following the above-mentioned sugges-
tions.

As stated above, combined treatment with anti-VEGF
and PRP may prove useful to effectively control the
growth of neovascularization. Monotherapy with intra-
vitreal injection of anti-VEGF agents such as ranibizu-
mab and bevacizumab can lead to a transient regression
of ocular neovascularization [96, 97].

Thus, even though at present no specific randomized
clinical trial has proven the efficacy of the anti-VEGF ap-
proach, it is likely that repeated injections are required to
stop neovascular growth, but it is unknown whether this
approach can lead to a definitive cessation of the neovas-
cular stimulus.

Patients presenting with widespread ocular neovascu-
larization should be treated with PRP as soon as possible.
Especially in eyes with vitreous hemorrhage, the com-
bined therapy with anti-VEGF agents may prove useful to
stop the growing of ocular neovascularization, allowing
at the same time the application of prompt PRP in a few
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sessions (if the vitreous hemorrhage is not too dense,
which would then require vitrectomy and endolaser ther-

apy).

6.2.1.3.3.3. Neovascular Glaucoma

In the case of established neovascular glaucoma, intra-
vitreal bevacizumab has been shown to cause regression
of iris new vessels and decrease angle obstruction. Com-
parative case series indicate that iris new vessels regress
faster after intravitreal bevacizumab with PRP than with
PRP alone. The reports also suggest that bevacizumab
may reduce the need for surgical interventions and serve
as a useful adjunct to filtering surgery.

6.2.1.3.4. Juvenile CRVO

Juvenile CRVO, occurring in people younger than 50
years, seems to be a different entity regarding pathogen-
esisand clinical course, and should be differentiated from
CRVO developing after 50 years of age. In some cases,
when the disease is associated with severe systemic dis-
ease, patients need to be addressed for complete systemic
evaluation, and the prognosis can be guarded.

Juvenile CRVO is often of a nonischemic type, with no
clearly identifiable risk factors, and sometimes related to
an inflammatory pathogenesis, as shown by the detection
of vitreous cells [24]. Visual prognosis is generally better
in comparison with ordinary CRVO, even though possi-
ble complications include ocular neovascularization and
the development of macular edema.

Some evidence exists that systemic steroids can lead to
a faster resolution of the disease. Even though there is no
randomized clinical trial, it is plausible that intraocular
steroids, especially the intravitreal slow-release dexa-
methasone implant, may prove useful in the management
of macular edema secondary to juvenile CRVO.

6.2.2. Management of BRVO

6.2.2.1. Systemic Risk Factors and Classification of
BRVO Subtypes

The management of BRVO has many similarities to
the management of CRVO with regard to systemic risk
factors, but it presents some important differences be-
cause this type of RVO carries a lower risk of progressive
worsening and conversion to ischemia and a lower risk
of neovascularization.
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Thus, the management of BRVO should embrace sev-
eral targets including: the identification and manage-
ment of systemic risk factors (specifically hypertension,
cardiovascular diseases and diabetes mellitus); a precise
classification of the area of inclusion to determine major
branch versus tributary branch occlusion (especially
macular BRVO); an assessment of the degree of periph-
eral perfusion and degree of macular ischemia, and the
institution of treatment according to sight-threatening
complications (mainly persistent macular edema and
neovascularization in some cases of extensively affected
quadrants).

6.2.2.2. BRVO with Perfused Periphery and
Normal VA

In case of a BRVO with a perfused periphery and nor-
mal VA, the prognosis is favorable and monitoring is pos-
sible. In this case, no therapy needs to be advised.

In the follow-up examination, one should look for sig-
nificant macular edema by VA examination, biomicros-
copy and OCT. If in doubt, fluorescein angiography
should be performed.

Patients should be monitored monthly for the first 3
months, and then every 2 months for the first year. Dur-
ing this monitoring period, patients should be instructed
to quickly report whenever they notice aloss of VA, which
may indicate the development of macular edema.

6.2.2.3. BRVO and Symptomatic VA Decline

In cases of BRVO and symptomatic decline in VA, an
assessment should be performed for the existence of mac-
ular edema. If there is macular edema seen by OCT, treat-
ment should be considered according to the following
outline.

Special attention should be paid to macular BRVO, a
subtype of BRVO involving a small vein draining a sector
of the macular region. Macular BRVO could have a more
favorable natural course, not requiring treatment in most
cases [99].

6.2.2.3.1. Laser Photocoagulation

For many years, grid laser photocoagulation has been
the standard care and recommended for patients with
macular edema associated with branch vein occlusion
who met the BVOS eligibility criteria (VA of 20/40 or less,
persistent macular edema lasting for 4 months or longer,
and resorption of macular hemorrhages). This study was
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a multicenter, randomized, controlled clinical trial de-
signed to address questions regarding the management of
complications of branch vein occlusion [70, 71].

In 1993, another prospective study concluded that ar-
gon laser photocoagulation treatment in areas of isch-
emia should be provided only when neovascularization
was seen and not otherwise, because in the latter case, the
detrimental effects of laser coagulation (including scoto-
mas in the pericentral visual field) might outweigh its
beneficial ones [2].

Recently, based on the results of a new prospective,
double-masked randomized trial, the SCORE study, it
was recommended that grid photocoagulation should re-
main the treatment of choice for eyes with vision loss as-
sociated with macular edema secondary to BRVO [58,
89]. The study concluded that no difference was found
in VA at 12 months in the standard care group (grid la-
ser photocoagulation) compared with the triamcinolone
groups. Moreover, rates of adverse events (particularly el-
evated intraocular pressure and cataract) were highest in
the 4-mg triamcinolone group.

However, paracentral laser coagulation leads to para-
central visual field defects. Central VA and the paracen-
tral visual field both contribute to the quality of vision.
Since the paracentral visual field was not examined when
assessing readingability, the conclusions from the SCORE
BRVO study may remain questionable, and it may be un-
clear whether the results also referred to quality of vision
in general [58, 89].

Finally, if there is an extensive and large area of non-
perfusion in the peripheral quadrant, particular moni-
toring should be advised to detect any neovasculariza-
tion, and scatter laser photocoagulation could be sug-
gested.

6.2.2.3.2. Intravitreal Drugs
6.2.2.3.2.1. Intravitreal Steroids

6.2.2.3.2.1.1. Dexamethasone

Dexamethasone has been used for a long time as a po-
tent corticosteroid that decreases inflammatory media-
tors implicated in macular edema. Because of the short
half-life of intravitreal injections of dexamethasone, an
intravitreal dexamethasone implant (Ozurdex) was de-
veloped to deliver sustained levels of dexamethasone to
the back of the eye, in a 6-month, randomized, controlled
clinical trial of macular edema associated with RVO, the
Ozurdex GENEVA study. A prefilled applicator single-
use, sustained-release biodegradable implant containing
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0.7 mg of dexamethasone (Ozurdex) has been studied in

this trial.

Patients received a single masked treatment at base-
line. At 6 months, all patients received a second treatment
in an open-label fashion. In this, two identical, random-
ized, prospective, multicenter, masked, sham-controlled,
parallel-group phase III clinical trials showed a statisti-
cally significant effect and rapid action, with a maximum
effect at day 60 and a decrease in effect beginning at day
90 but still persistent at day 180. The second injection was
even slightly more effective than the first injection. No
adverse events were related to the injection, with a very
low cataract rate and very low rates of persistent intra-
ocular pressure increase.

The primary endpoint was the time to achieve a
=15-letter (3-line) improvement in BCVA, and key sec-
ondary endpoints included BCVA over the 6-month trial
period, central retinal thickness measured by OCT, and
safety.

The duration of the macular edema was similar in
each group, with about 15% of patients with a macular
edema duration of <3 months, 50% with a macular ede-
ma duration between 3 and 6 months, and 30% with a
macular edema duration of >6 months (16.4% of patients:
<3 months; 51.3%: between 3 and 6 months; 32.3%: >6
months). It is noteworthy to mention that the percentage
of patients with macular edema for <3 months was only
15%, in comparison with >50% in the SCORE BRVO tri-
al [89], 51.5-53.8% in the BRAVO trial [85] and 51.5-
61.5% in the CRUISE trial [84]. This might affect the re-
sults and add difficulties when comparing trials, since
spontaneous resolution is higher among those trials in
which a large number of patients have a short duration of
macular edema.

The proportion of patients achieving at least a 15-letter
or 10-letter improvement from baseline BCVA was sig-
nificantly greater in the dexamethasone 700-pg group
than in the sham group from day 30 through day 90. The
greatest response was seen at day 60:
 29.6% of patients in the dexamethasone 700-.g group

achieved at least a 15-letter improvement from base-

line as compared with 12.5% in the sham group (p <

0.001);

« 51.9% of patients in the dexamethasone 700-ug group
achieved at least a 10-letter improvement from baseline
as compared with 29.4% in the sham group (p <0.001).

At day 180, 41.2% of patients in the dexamethasone 700-

jLg group achieved at least a 10-letter improvement from

baseline as compared with 33% in the sham group (p =

0.041).
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The difference in mean change in BCVA from baseline
between the dexamethasone 700-ug group and the sham
group was statistically significant at all time points for
BRVO patients. Mean VA improved by 10 letters at 2
months, declined to 9 letters by month 3, and to 7 letters
by month 6. In the control group, mean VA improved to
4-5 letters by month 2, and stayed stable during the 6
months. The mean change from baseline in BCVA was
similar following a second treatment with dexametha-
sone 700 or 350 p.g. Patients who had received sham treat-
ment in the initial treatment phase demonstrated a lower
mean change from baseline in BCVA after having re-
ceived open-label treatment than patients who had re-
ceived dexamethasone 700 or 350 wg during the initial
treatment phase.

The percentage of patients in the dexamethasone
groups with an intraocular pressure of =35 mm Hg
(about 2-3% of the patients at day 60), =25 mm Hg (about
15% of the patients at day 60) and a change from baseline
of =10 mm Hg (about 15% of the patients at day 60) pre-
sented a peak at day 60, but returned to baseline values by
day 180. After 12 months (2 injections of dexametha-
sone), only 1.2% of the patients (n = 4) had an intraocular
pressure procedure, and 0.9% of the patients (n = 3) had
cataract surgery (for the 700-pg/700-pug group, patients
were injected 2 times). Adverse events after initial treat-
ment, the maximum severity of which increased during
the open-label extension, were reported for 2.6% of the
patients (700-wg/700- g group).

A more recent analysis of the GENEVA results [59] has
shown that treating edema secondary to BRVO of short
duration has a better effect than delaying the treatment.
The percentage of reduced odds of gaining 15 letters with
treatment at day 180 was 54% if the duration of the edema
was 6 months, 32% if the duration of the edema was
3 months, and 12% if the duration of the edema was 1
month.

Ozurdex has received FDA and EU approval for the
0.7-mg dexamethasone implant for the treatment of mac-
ular edema secondary to RVO.

6.2.2.3.2.1.2. Intravitreal Triamcinolone Acetonide

Due to its antiedematous and anti-angiogenic effects,
as shown in experimental investigations and clinical
studies, intravitreal triamcinolone acetonide has been
used in many pilot studies on RVO. Due to the limited
duration of the intraocular availability of triamcinolone,
the visual improvement is limited in its duration.

Recently, the SCORE multicenter clinical trial com-
pared the efficacy and safety of 1-mg and 4-mg doses of
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preservative-free intravitreal triamcinolone with stan-
dard care (grid photocoagulation in eyes without dense
macular hemorrhage, and deferral of photocoagulation
until hemorrhage clears in eyes with dense macular hem-
orrhage) for eyes with vision loss associated with macular
edema secondary to BRVO. The drug used in this trial
was prepared as a sterile, preservative-free, single-use in-
travitreal injection (Trivaris) with 1-mg and 4-mg doses
in a volume of 0.05 ml. The SCORE trial concluded that
there was no difference identified in VA at 12 months for
the standard care group compared with the triamcino-
lone groups; however, rates of adverse events (particu-
larly elevated intraocular pressure and cataract) were
highest in the 4-mg group [58, 89]. It is possible that the
VA results in the treated group were somewhat biased be-
cause of the high percentage of cataract progression in
this group.

The authors inferred that grid photocoagulation as ap-
plied in the SCORE study has remained the standard care
for patients with vision loss associated with macular ede-
ma secondary to BRVO who present similar characteris-
tics to those patients in the SCORE BRVO trial.

As mentioned in the natural course section, the dura-
tion of the edema is important to be considered. In the
subgroup analysis of the SCORE BRVO trial, those pa-
tients with a disease duration of <3 months showed a
trend toward greater benefit with classical treatment.
However, of those patients with a macular edema for >3
months, 34% showed a gain of 15 letters or more in the
4-mg group, versus 15% in the photocoagulation group.
According to the authors, these figures were not statisti-
cally significant but indicated the importance of taking
into account the duration of edema in data analysis and
when comparing the results of different trials, which may
differ in baseline characteristics. In the SCORE BRVO
trial, >50% of the patients had a macular edema for <3
months [58, 89].

6.2.2.3.2.2. Intravitreal Anti-VEGF Drugs
Intravitreal anti-VEGF administration has been tried
with ranibizumab, bevacizumab and pegaptanib.

6.2.2.3.2.2.1. Bevacizumab

Since the landmark study on the intravitreal use of be-
vacizumab for the treatment of exudative age-related
macular degeneration [100], bevacizumab has become a
medication used worldwide for patients affected by vari-
ous neovascular intraocular diseases including RVO
[101-107].
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The majority of the studies failed to clearly differenti-
ate between the nonischemic and ischemic types of RVO.
Moreover, these studies were mostly case series without a
randomized control group.

6.2.2.3.2.2.2. Pegaptanib

The first multicenter randomized study on the effect
of anti-VEGF therapy in the treatment of RVO was de-
signed to evaluate the efficacy of pegaptanib sodium.

The results were reported at the Congress of the Eu-
ropean Vitreoretinal Society in 2006. Patients with vi-
sual loss due to macular edema secondary to CRVO were
randomly assigned to sham injection, 0.3 or 1 mg of
pegaptanib sodium. The group treated with 1 mg pegap-
tanib sodium showed a higher rate of visual gain supe-
rior to 5 letters and a lower rate of loss of 15 letters or
more than the control group (p < 0.05 and p < 0.01, re-
spectively).

There was a difference of 13 letters in the change in VA
between the control group (sham injections) and the
group treated with 1 mg pegaptanib sodium.

6.2.2.3.2.2.3. Ranibizumab

Ranibizumab is a pan-VEGF blocker (Lucentis) which
was proved to be effective in the BRAVO trial.

The BRAVO trial was a multicenter, randomized, dou-
ble-masked, sham injection-controlled phase III study of
397 patients designed to assess the safety and efficacy
profile of Lucentis in macular edema secondary to BRVO.

Patients were randomized into 3 groups: standard care
with grid laser treatment, intravitreal injection of 0.5 mg
ranibizumab, and both grid laser and intravitreal injec-
tion of 0.3 or 0.5 mg ranibizumab. The patients received
monthly intravitreal injections during the first 6 months,
and between month 6 and month 12, evaluations were
carried out to determine whether retreatment was need-
ed. In both studies, the preliminary results at 6 months
showed that the treated groups had better visual recovery
than the control groups.

In the BRAVO study [85], at 6 months, 55% of the pa-
tients who received 0.3 mg of Lucentis and 61% who re-
ceived 0.5 mg of Lucentis had their vision improved by 15
letters or more compared to 29% of patients receiving
sham injections and grid laser treatment.

At 6 months, with an average of 5.7 injections in the
first 6 months, the mean visual gain was 16.6 and 18.3
letters (0.3 and 0.5 mg), compared with 7.3 letters in the
sham group. However, from months 3 to 5, a single ap-
plication of rescue laser photocoagulation was also al-
lowed in all study arms.
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From months 6 to 12, the patients were treated in an
open-label fashion pro re nata. Visual benefit was main-
tained with an additional mean number of injections of
2.7 in the second 6 months. Patients in the sham group
also showed a benefit, although the amount of visual gain
did not reach that of the patients who had been treated
from baseline. As stated above, more than half of the pa-
tients in the BRAVO trial had macular edema of a short
duration (51.5-53.8%).

Ranibizumab 0.5 mghas been approved in the USA for
the treatment of macular edema secondary to RVO, and
has received a positive opinion from the Committee for
Medicinal Products for Human Use for approval in the
EU for the treatment of diabetic macular edema. It has
not yet been approved for RVO by the EMA; however,
Novartis is planning to file for the drug’s approval in the
EU for treating macular edema due to RVO.

6.2.2.4. Management of BRVO with Peripheral
Nonperfusion

In these cases, the perfusion of the macula should
be assessed. If it is perfused, treatment should be con-
templated as outlined above. Laser treatment of the pe-
ripheral areas of nonperfusion can be considered if the
nonperfused area is very extensive.

If the macula is not perfused, again, treatment should
be contemplated as outlined above, with informed con-
sent of patients as the prognosis can be bleak.

In cases of BRVO with peripheral neovascularization,
intravitreal therapy should be initiated, followed by scat-
ter laser aimed at the area of the occluded vein.

7. Prevention

Only few studies have addressed the prevention of re-
currence of RVO in the same eye, or of the development
of RVO in the contralateral eye. So far, none of these stud-
ies have shown any benefit. Thrombocyte aggregation in-
hibitors and anticoagulant drugs could not be shown to
be of benefit [108, 109].

Available data support the concept that recurrence of
RVO may be reduced by medical treatment of underlying
cardiovascular risk factors.

Historically, hormone replacement therapy was con-
traindicated and discontinued following central vein oc-
clusion. Currently, the decision about whether to contin-
ue hormone replacement therapy in women with RVO
should be made on a case-by-case basis.
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8. Surgical Approaches to Treating RVO

The focus of such surgical treatments is either the oc-
cluded retinal vein itself or the macular edema. Many
surgical treatment modalities have been reported for
RVO. Of the following common surgical approaches,
only a few are frequently utilized:

(1) radial optic neurotomy (RON);

(2) chorioretinal venous anastomosis;

(3) vitrectomy with or without internal limiting mem-
brane (ILM) peeling;

(4)injection of tissue plasminogen activator (t-PA) into
the lumen of a retinal vein via retinal vein cannulation;

(5)arteriovenous sheathotomy.

8.1. Radial Optic Neurotomy

Radial neurotomy has been suggested as a therapy for
CRVO [110-113]. However, randomized prospective tri-
als have not yet shown beneficial effects of radial neu-
rotomy in the treatment of CRVO, so that it is unclear
whether the technique should be recommended [86].
Again, in most clinical sites, this surgical technique was
not introduced or has been abandoned.

Radial neurotomy was first described as a therapy for
CRVO [113]. The authors hypothesized that the anatomy
of the optic nerve head (ONH) and scleral outlet might
play a role in the development of CRVO, and they per-
formed surgical decompression of the vein by making a
radial incision of the ONH.

Moreover, RON was thought to induce the postopera-
tive development of optociliary venous anastomosis or
retinochoroidal shunts, leading to increased retinal ve-
nous outflow [111, 113-116]. The technique involved an
incision on the nasal side of the optic nerve, radial to the
nerve and parallel to the nerve fiber layer. In their pilot
study of 11 patients with CRVO, VA improved in 73% of
patients, with an average gain of 5 lines of vision.

These results were challenged by Hayreh [86], who
suggested that RON was not a safe procedure given the
close proximity of the incision site to the central retinal
artery, and therefore, it carries a potential risk of cutting
off the blood supply to the ONH, and as a consequence,
it may cause acute ischemia of the ONH and visual loss.

The controversial opinions about the effectiveness of
RON warrant further investigations with larger patient
populations. In a large-scale study which evaluated the
outcomes of RON in 117 patients with severe CRVO, an-
atomic resolution was reported in 95% of patients, and

Ophthalmologica 2011;226:4-28 19



visual improvement in 71% within 3 months postopera-
tively [117].

When RON was combined with intraocular triamcin-
olone injections in patients with CRVO, anatomic resolu-
tion was observed in more than 77% of patients [118, 119].

Improvements in VA after RON have been confirmed
by several other reports [114, 119], although none as en-
couraging as those reported in studies that added intra-
ocular triamcinolone. Several studies found a resolution
of macular edema that was not accompanied by an im-
provement in VA in all eyes following RON [120, 121].

RON has been reported to cause various visual field
defects. One study reported visual field defects in 83.8%
of 107 cases [114]. Another study detected temporal
wedge-shaped visual field defects in 88% of patients, all
of which were tolerated by the patients [122].

Although RON has been considered relatively safe by
most authors, the possibility of serious complications
should not be overlooked. RON has been associated with
a potential risk of laceration of the central retinal artery
or central retinal vein, optic nerve fiber damage with vi-
sual field loss, globe perforation, retinal detachment, cho-
roidal neovascularization at the neurotomy site, and an-
terior segment neovascularization [110, 113, 120]. The
PACORES (Pan-American Collaborative Retina Study)
Group evaluated the complications after RON for CRVO
[110]. Complications occurred in 71.2% of cases, includ-
ing cataract (23.2%), vitreous hemorrhage (20.5%), per-
sistent macular edema (20.5%), neovascular glaucoma
(9.5%), anterior segment neovascularization (6.8%), reti-
nal detachment (4.1%) as well as phthisis bulbi, choroido-
vitreal neovascularization, central retinal artery perfora-
tion and optic nerve atrophy (1.3% each).

Careful patient selection may provide better results af-
ter RON. Patients with pronounced peripapillary swell-
ing at baseline and with an onset of CRVO of <90 days
were reported to be more likely to benefit from RON
[114]. As a result, the benefits of RON appear to be con-
troversial and its efficacy remains to be proven in pro-
spective randomized clinical studies. In the meantime,
many centers abandoned the procedure, while others still
perform it in selected cases.

8.2. Chorioretinal Venous Anastomosis

Chorioretinal venous anastomosis, in which a shunt is
created between a retinal vein and the choroid, aims to
bypass the occluded vein via an alternative route, to im-
prove retinal outflow and to relieve the venous obstruction
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[123-125]. It can be induced by means of laser [113, 123] or
by surgery [115].

Laser-induced chorioretinal venous anastomosis in-
volves producing an intense focal laser burn of the retina
at the edge of a chosen segment of vein by using a 50-pm
spot size, 0.1-second duration and special power level of
1-4 W. A successful anastomosis formation was first re-
ported in 33% of eyes with variable degrees of recovery of
visual function [123]. However, this treatment was fre-
quently associated with serious complications including
posterior vitreous detachment, choroidal or vitreous hem-
orrhages, preretinal fibrosis, choroidal neovasculariza-
tion, segmental retinal ischemia and retinal detachment
[113, 123, 125].

Surgically induced chorioretinal venous anastomosis
has been described by several authors [124, 126-128]. They
used different techniques to accomplish the anastomosis.
One team performed standard vitrectomy and Mersilene
suture insertion beneath the retina adjacent to the major
retinal veins and reported visual improvement in 60% of
eyes with ischemic CRVO [124].

Another surgical technique included a vitrectomy and
posterior hyaloid detachment and the creation of a cho-
rioretinal venous anastomosis by using an erbium:YAG
laser [126]. Still another technique consisted of pars plana
vitrectomy (PPV) with slit-like incisions through Bruch’s
membrane adjacent to the partially cut major retinal
veins in each quadrant. Mersilene sutures were inserted
into the incised sites to induce a chorioretinal venous
shunt. Visual improvement was reported in 80% of 10 pa-
tients. However, 30% of the patients experienced compli-
cations with this procedure, including retinal detach-
ment, vitreous hemorrhage and cataract [127].

A successful chorioretinal venous anastomosis was
achieved in 71% of patients with CRVO by cutting off the
affected retinal vein by means of vitrectomy and making
a small incision at both sides of the vein interruption
through the full thickness of the retina, retinal pigment
epithelium and Bruch’s membrane. The authors pro-
posed that complete interruption of the vein allowed it to
connect to another venous route more easily [128].

Although performing a surgically induced chorioreti-
nal venous anastomosis does not lead to reperfusion of
the areas with capillary nonperfusion, it is thought to re-
duce the ischemia of parafoveal and perifoveal areas,
leading to VA improvement resulting from the improved
venous outflow and reduced macular edema.

Many authors consider that these procedures for cho-
rioretinal venous anastomosis are still to be classified as
experimental, with a potential to cause serious side effects.
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8.3. Vitrectomy with or without ILM Peeling

PPV with ILM peeling has been suggested as being
beneficial for the rapid resolution of retinal damage and
macular edema in patients with CRVO [129-131]. How-
ever, the exact mechanism which leads to edema resolu-
tion still remains unclear. Decreased retinal thickness
and increased VA were observed in more than 70% of
cases after the operation in cases of macular edema
caused by CRVO or BRVO [130, 131]. These effects per-
sisted for up to 5 years [132].

Peeling of the ILM may be reserved for clinical situa-
tions in which other modalities of treatment, namely the
intravitreal injection of antiedematous (steroids) or anti-
VEGEF drugs, have failed to achieve a satisfactory improve-
ment in vision, and in which the blood perfusion of the
macula physiologically allows an increase in VA [112, 131,
133-141].

Comparatively successful results have also been re-
ported for vitrectomy without ILM peeling. Vitrectomy
itself can provide resolution of macular edema by remov-
ing VEGF and other cytokines within the vitreous cavity
and by enhancing oxygen transport to the hypoxic retina
[142, 143]. A statistically significant improvement in pa-
tients after vitrectomy with gas/air tamponade for macu-
lar edema caused by BRVO was reported [133, 144, 145].
However, several other authors did not confirm PPV ben-
efits for eyes with CRVO [146].

Vitrectomy showed an initial positive effect by the
resolution of macular edema, but no beneficial effect in
the long term [146], and it was hypothesized that vitrec-
tomy and ILM peeling might be beneficial due to the re-
duction of intraretinal edema, but that these procedures
failed to address the underlying pathophysiological
mechanisms such as growth factor expression or altered
fluid dynamics.

8.4. Direct Injection of t-PA via Retinal Vein
Cannulation

The unsatisfactory results with systemic and intravit-
real injections [147] promoted investigations of alterna-
tive routes of t-PA administration directly to the affected
retinal vein [147]. The surgical techniques included PPV
with posterior hyaloid removal, followed by cannulation
of a peripapillary retinal vein branch and injection of a
bolus of 200 pg/ml t-PA toward the ONH.

This technique provided several advantages over other
methods of t-PA delivery: (1) t-PA was delivered to pre-
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cisely where it was required to cause rapid lysis of the
thrombus; (2) direct visualization of the drug reaching
the site of thrombus was possible; (3) administration of a
very small dose could provide a sufficient concentration
near the thrombus, and (4) depending on its flow rate, the
injection could cause a flushing effect, dislodge the
thrombus and allow the dilation of the central retinal
vein. Visual improvement was observed in 54% of 28 eyes
with CRVO, by using this technique. In another study, a
disappointing visual outcome and high complication
rates have been observed after performing this surgical
technique [148].

Direct injection of t-PA via retinal vein cannulation is
a feasible procedure; however, it can lead to serious ocular
complications including vitreous hemorrhage, retinal
tear formation, retinal detachment, neovascular glauco-
ma, endophthalmitis and phthisis bulbi. Prospective ran-
domized data are missing.

8.5. Arteriovenous Sheathotomy

In 1988, Osterloh and Charles [149] introduced a new
approach involving dissection of the common adventi-
tial sheath at the level of the arteriovenous blockage site
(AVBS) in patients with BRVO and reported an im-
proved visual outcome. The surgical procedure included
PPV with posterior hyaloid detachment. The AVBS was
located and a sharp pick was used to make a partial-
thickness inner retinotomy proximal to the AVBS. A
blunt pick was then used to continue the incision parallel
to and under the arteriole in a side-to-side fashion
through the adventitial sheath. The ILM was not re-
moved. The endpoint of surgery was elevation and sepa-
ration of the arteriole from the underlying venule con-
firmed by using a subretinal spatula. More recently, a
bimanual technique of arteriovenous sheathotomy fol-
lowed by intravitreal recombinant t-PA led to favorable
results [112].

Until now, most studies of arteriovenous sheathotomy
have been poorly designed and have failed to show a con-
vincing improvement in outcomes of BRVO that would
justify the risks of the surgical procedure [141, 150]. In a
study comparing the functional and anatomical out-
comes of arteriovenous sheathotomy and intravitreal tri-
amcinolone acetonide injection in the treatment of mac-
ular edema associated with BRVO, the patients showed
similar functional and anatomical outcomes 6 months
later. These outcomes suggested that when the cost and
risks of vitreoretinal surgery are considered, intravitreal
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Treatment algorithm for CRVO

* Regulatory authorization is expected within the year 2011 in the EU.

For treatment at year 2+, future guidelines will be implemented.

For intravitreal injections, follow-up should be done for intraocular pressure, cataract, etc.

Fig. 3. Treatment algorithm for CRVO. ME = Macular edema; FA = fluorescein angiography.

triamcinolone acetonide treatment may be a better op-
tion [151].

A recent review has presented the evidence for arterio-
venous sheathotomy for this condition and recommend-
ed that this procedure be done only as part of a research
study [152].

Summarizing all surgical options, it seems that PPV
may be beneficial in selected cases.

9. Burden of Disease due to RVO

It is currently estimated from pooled data from 15
population studies that there are about 520 new cases of
RVO per million population [13], of which 442 are BRVO
cases and 80 CRVO cases. However, only 200-260 per
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million will require treatment as some patients with RVO
retain good vision and do not require any treatment [8,
56, 69]. BRVO occurs 2-3 times as often as CRVO.

10. Strategy for Treatment of RVO

The randomized controlled trials provided alot of pre-
cise information for the treatment of RVO. This docu-
ment aims to give guidelines on how to tailor treatment
to the individual patient (fig. 3, 4).

An important learning experience from the recent tri-
als is that duration of disease is important to outcome.
Early treatment has been shown to be beneficial to the
patients. Still, treatment can be beneficial also in late dis-
ease stages.

Coscas et al.



Treatment algorithm for BRVO

* Regulatory authorization is expected within the year 2011 in the EU.

For treatment at year 2+, future guidelines will be implemented.

B B B

** |f persistent edema despite several injections of anti-VEGF or steroids.

For intravitreal injections, follow-up should be done for intraocular pressure, cataract, etc.

Fig. 4. Treatment algorithm for BRVO. ME = Macular edema; FA = fluorescein angiography.

10.1 BRVO

A patient with BRVO should first be evaluated for
known risk factors. The general physician must be noti-
tied of the occurrence of the retinal vascular occlusion
and the need for diagnosis and control of arteriosclerotic
risk factors. Contributing factors such as hypertension,
cardiovascular disease and diabetes mellitus should be
identified and treated if needed. The patient is examined
by VA assessment, biomicroscopy, intraocular pressure
measurement and OCT. Fluorescein angiography should
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be considered to identify the location of occlusion and
areas of nonperfusion. The extent of peripheral and mac-
ular ischemia according to fluorescein angiography
should be evaluated. The existence of macular edema
and/or neovascularization (of the disk, retina, iris and
angle) should be determined.

When the periphery is perfused, even if VA is 20/20,
monthly observation is warranted at least during the first
3 months by using VA assessment, biomicroscopy, OCT
and sometimes fluorescein angiography. In stable situa-
tions, the follow-up can be performed every 3 months.
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In case of a decrease in VA during follow-up, the exis-
tence of macular edema should be assessed. If there is mac-
ular edema, treatment is recommended. First-line treat-
ment may be with an approved drug, by single implanta-
tion of a slow-release steroid device, and consideration of
re-treatment according to follow-up or, alternatively, with
monthly injections of an anti-VEGF drug for 3-6 months,
depending on the existence or resolution of macular ede-
ma. However, anti-VEGF has not yet been approved for
this indication. Laser treatment of the thickened area still
remains an alternative if there is inadequate response dur-
ing follow-up.

When the periphery is not perfused, if there is macular
edema, treatment is recommended. First-line treatment
may be with an approved drug, by single implantation of
a slow-release steroid device, and consideration of re-
treatment according to follow-up or, alternatively, with
monthlyinjections of an anti-VEGF drug for 3-6 months,
depending on the existence or resolution of macular ede-
ma. However, anti-VEGF has not yet been approved for
this indication. Laser treatment of the thickened area still
remains an alternative if there is inadequate response
during follow-up. Laser treatment can be considered for
the peripheral ischemic area. It should be remembered
that in case of macular ischemia, the prognosis is guard-
ed for VA recovery, even if the edema resolves.

At any time point during follow-up, the development
of neovascularization should prompt the performance of
scatter laser treatment of the area of ischemia. Intravit-
real steroids or anti-VEGF can be considered as adjunc-
tive treatment, even though there is limited evidence
from the trials available.

10.2 CRVO

A patient with CRVO should first be evaluated for
known risk factors. The general physician must be noti-
tied of the occurrence of the retinal vascular occlusion
and the need for diagnosis and control of arteriosclerot-
ic risk factors. Contributing factors such as hyperten-
sion, cardiovascular disease, diabetes mellitus, hyperlip-
idemia and thrombophilia should be identified and
treated if needed. The patient is examined by VA assess-
ment, biomicroscopy, intraocular pressure measurement
and OCT. Fluorescein angiography should be considered
to evaluate the extent of nonperfusion. The extent of pe-
ripheral and macular ischemia according to fluorescein
angiography should be evaluated. The existence of mac-
ular edema and/or neovascularization (angle, iris, retina
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and disk) should be determined. The differentiation be-
tween perfused and nonperfused CRVO should be made
according to areas of nonperfusion on fluorescein angi-
ography.

If VA is 20/40 or better, monthly observation is war-
ranted at least during the first 3 months by using VA as-
sessment, biomicroscopy, OCT and sometimes fluores-
cein angiography. In stable situations, the follow-up can
be performed every 2 months for at least 1 year.

In the case of a decrease in VA to less than 20/40 dur-
ing follow-up, the existence of macular edema should be
assessed. If there is macular edema, treatment is recom-
mended. First-line treatment may be with an approved
drug, by single implantation of a slow-release steroid de-
vice, and consideration of re-treatment according to fol-
low-up or, alternatively, with monthly injections of an
anti-VEGF drug for 3-6 months, depending on the exis-
tence or resolution of macular edema. However, anti-
VEGF has not yet been approved for this indication.

In nonperfused CRVO, if there is macular edema,
treatment is still recommended, but the prognosis is
guarded. First-line treatment may be with an approved
drug, by single implantation of a slow-release steroid de-
vice, and consideration of re-treatment according to fol-
low-up or, alternatively, with monthly injections of an an-
ti-VEGF drug for 3—-6 months, depending on the existence
or resolution of macular edema. However, anti-VEGF has
not yet been approved for this indication. It should be re-
membered that in case of macular ischemia, the prognosis
is guarded for VA recovery, even if the edema resolves.

At any time point during the follow-up, the develop-
ment of neovascularization should prompt the perfor-
mance of scatter laser treatment of the area of ischemia.
Intravitreal steroids or anti-VEGF can be considered as
adjunctive treatment, even though there is limited evi-
dence from the trials available.
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