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Abstract
The high prevalence of cardiovascular disease particularly in
the elderly population is associated with retinal vascular disease. Retinal vein occlusions represent severe disturbances
of the hypoxia-sensitive neurosensory retina. Acute and excessive leakage leads to the diagnostic hallmarks of retinal
hemorrhage and edema with substantial retinal thickening.
Advanced diagnostic tools such as OCT angiography allow
to evaluate retinal ischemia and identify the risk for late complications and will soon reach clinical routine besides fluorescein angiography. Accordingly, the duration of non-perfusion is a crucial prognostic factor requiring timely therapeutic intervention. With immediate inhibition of vascular
leakage, anti-VEGF substances excel as treatment of choice.
Multiple clinical trials with optimal potential for functional
benefit or a lesser regenerative spectrum have evaluated
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aflibercept, ranibizumab, and bevacizumab. As retinal vein
occlusion is a chronic disease, long-term monitoring should
be individualized to combine maintenance with practicability. While steroids may be considered in patients with systemic cardiovascular risk, surgery remains advisable only for
very few patients. Destructive laser treatment is an option if
reliable monitoring is not feasible. Ophthalmologists are
also advised to perform a basic systemic workup to recognize systemic concomitants. The current edition of the
EURETINA guidelines highlights the state-of-the-art recommendations based on the literature and expert opinions in
retinal vein occlusion.
© 2019 S. Karger AG, Basel

Introduction

Retinal vein occlusion (RVO) is among the leading
causes of visual impairment and is often due to an underlying systemic disease. Advances in imaging and therapeutic possibilities with anti-vascular endothelial growth
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Fig. 1. Non-ischemic central retinal vein occlusion in a left eye. a An ultra-widefield photo exhibits retinal vein
dilatation and tortuosity, mainly small or flame-shaped hemorrhages, and optic nerve head edema. b An ultrawidefield fluorescein angiogram shows, besides the upper signs on the color fundus image, a late filling of veins
but no noteworthy signs of non-perfusion. Images are presented courtesy of Ramin Tadayoni.

factor (VEGF) agents have revolutionized the diagnosis
and treatment of this disease. Other therapeutic approaches include use of laser, steroids, and surgery, but
for many years anti-VEGF has been accepted as the gold
standard. These guidelines give an overview of the different diagnostic and therapeutic strategies available and inform the reader when each should be used.
Retinal Diagnostics

Rationale
Different types of RVO share the same characteristic
signs on fundus evaluation such as vein dilatation, hemorrhages, edema, and vascular stasis, most commonly in
a painless eye presenting with variable degrees of vision
alteration.
Diagnosis is then often possible by examining the fundus, conventionally also aided by color fundus photographs or with intravenous fluorescent dye injection (fluorescein angiography, FA). This first section is limited to
these clinical features and angiographic manifestations.
Optical coherence tomography (OCT) and other tests of
interest will be discussed in specific sections later.
Evidence
Central vein occlusion (CRVO) is typically associated
with loss of vision in one eye in patients older than 40
or, more often, 60 years. Retinal vein dilatation and tor124
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tuosity due to an increase in the diameter and length of
retinal veins and venules are found on fundus examination and color fundus photographs. Variable degrees of
hemorrhages from the optic nerve head to the extreme
periphery of the retina are often present. Hemorrhages
can appear flame shaped (superficial) or as deep blots
(ischemic). Less often the optic nerve head and macular
edema can also be present as cotton-wool spots [1]
(Fig. 1).
Hemiretinal vein occlusions display similar signs on
half of the retina only. They are also called hemispheric
vein occlusions if the arteriovenous crossing, that is the
site of the occlusion, is visible and are considered a variant of branch retinal vein occlusion (BRVO). When the
site is assumed to be behind the lamina cribrosa, it is
called hemi-central RVO, and there is no consensus on
whether it should be considered part of BRVO or CRVO
[2, 3].
Patients with BRVO suffer visual field defects or
blurred vision. Signs of vein occlusion are found in the
fundus in the area upstream of an arterio-venous crossing
considered as the site of the occlusion (Fig. 2). The location and size of the BRVO area differs from a small area
upstream of a small venule to the total hemiretina. If macular drainage is not involved and the edema does not
reach the macula, visual acuity (VA) can remain normal.
Collateral circulation adjacent to the BRVO area and
over the optic nerve head in CRVO and large capillary
aneurysms that can cause exudation are signs of a long
Schmidt-Erfurth et al.
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Fig. 2. Branch retinal vein occlusion in a right eye. a A multicolor SLO image of the retina shows retinal vein

dilatations covered by flame-shaped hemorrhages and cotton-wool spots in a limited area of the posterior pole
upstream from the occlusion site of a small retinal vein. b A late-phase fluorescein angiogram exhibits leakage in
the same area. c OCT mapping of retinal thickness confirms the presence of edema in the same area. Images are
presented courtesy of Ramin Tadayoni.

duration of the disease. Other rare findings in RVO include a cilioretinal artery occlusion due to the low perfusion pressure in cilioretinal arteries compared with the
increased retinal capillary bed pressure [4]. Other cases
may, at onset, present as a whitish appearance of the retina around veins considered as severe paracentral acute
middle maculopathy (PAMM) (see Features in Optical
Coherence Tomography and Angiography) [5].
If RVO has been considered as a diagnosis after fundus
examination, three questions need to be asked: is another
diagnosis possible? Is there any macular edema? What is
the extent of the retinal ischemia?
The different diagnoses to consider depend on the
clinical presentation of the retina and could be related to
any components of the blood circulation: the content of
vessels such as blood abnormalities that increase viscosity or alter coagulation, which can lead to retinal hemorrhages (usually in both eyes); upstream arteries such as
carotid occlusion, which can also simulate some aspects
of vein occlusion; several local vascular diseases such as
macular telangiectasias, which can initially be confused
with small BRVO (signs are present on both, the superior
and inferior temporal side of the fovea, which depends on
two different venular branches); or finally a rise in downstream vein pressure such as in a cavernous sinus thrombosis [6–9].
Macular edema can be seen on the fundus as an increase in macular thickness, fluid or exudates in chronic
cases and are further described in the next section on fea-

tures in OCT. FA can show vascular leakage in the early
or mid-phase and filling of cystic spaces in the late phase.
However, today OCT is the best way to diagnose and evaluate macular edema due to RVO.
RVO can lead to an impairment of blood circulation
and retinal ischemia. Severe ischemia of the macula alters
vision, and extensive peripheral ischemia can lead to retinal and iris neovascularization. When one of these complications is present, the ischemic status of the RVO is
clear. Usually in these cases, all signs of RVO are more
prominent and can also include cotton-wool spots. Diagnosis of iris neovascularization can be made by clinical
examination of the iris and the angle before dilatation as
well as by iris FA. If neovascularization obstructs the angle, it can be occluded and increase intraocular pressure
(IOP) causing a neovascular glaucoma. Retinal neovascularization can be found on the optic nerve head or on the
retinal surface during fundus examination but is more
easily visible on FA as abnormal vessels as the site of intense leakage. Neovascularization is associated with a
large area of non-perfusion on FA. No consensus exists
on the extent or location of macular non-perfusion on FA
or OCT angiography that can cause loss of vision. Likewise, no solid consensus exists on the retinal non-perfusion area and risk of neovascularization in BRVO. However, for CRVO the term ischemic CRVO is still commonly used. The SCORE Study Report #11 reports a
36-month incidence of 8.8 and 7.6% of retinal neovascularization in BRVO and CRVO [10].
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Fig. 3. Ischemic central retinal vein occlusion in a left eye. a An ultra-widefield photo exhibits retinal vein dilatation and numerous deep hemorrhages over the entire retina. b An ultra-widefield fluorescein angiogram confirms non-perfusion as numerous dark areas are surrounded by a retinal vasculature dead-tree in appearance (no
small vessels, only large trunks). Leakage from vessels in these areas also suggests the presence of an extensive
area of ischemia. Images are presented courtesy of Ramin Tadayoni.

Ischemic CRVO was defined by the Central Vein Occlusion Study (CVOS) group as the presence of more than
10 disc areas of retinal non-perfusion found on retinal FA
with standard 55° technology. The risk of neovascular
ization in these ischemic CRVO, or “preproliferative”
CRVO, cases was judged to be significant as patients developed neovascularization at the rate of almost one in
three per year [3, 11]. The diagnosis of ischemic CRVO is
then by this definition based on FA. However, at presentation the evaluation of non-perfusion by FA may be
challenging, in particular due to the presence of extensive
hemorrhages. Consequently, the best way to evaluate the
risk of neovascularization at presentation of CRVO remains controversial. Other pointers have been proposed
to diagnose such ischemic CRVO including clinical signs
such as more prominent indicators of RVO and cottonwool spots, low VA (≤0.1) and relative afferent pupillary
defect (Fig. 3). Functional tests such as electroretinography, visual field or microperimetry, or composite scores
have also been proposed but are less used. In practice, if
initially not possible due to extensive hemorrhage, nonperfusion is evaluated once hemorrhages decrease after
intravitreal injections [12]. By this time, it can be estimated by the extent of signs on the fundus and VA alteration
at first presentation. The iris and retina are then closely
monitored until the high risk of neovascularization is
ruled out or appropriate treatment for neovascularization
has been applied. A non-ischemic CRVO can also convert
126
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to an ischemic CRVO during follow-up in about 25/28.6%
of CRVO/BRVO cases [13].
Two new imaging technologies, OCT angiography
(see Features in Optical Coherence Tomography and Angiography) and ultra-widefield FA (UWF-FA), have recently shown promise for evaluating non-perfusion. The
advantage of the UWF-FA is that it can display a much
larger surface of the retina. The CVOS definition of 10disc areas of retinal non-perfusion cannot be applied to
this entire area. The size of the non-perfusion area in the
peripheral retina beyond the area reached by 55° FA that
is predictive of the risk of developing neovascularization
remains unclear. The percentage of non-perfused surface
in the retina visible on UWF-FA images has been proposed as a prognosis factor (called “ischemic index”), but
larger studies are needed to assess this proposal [14, 15].
Moreover, the extent of image distortion (usually an
overestimation of the periphery compared with central
areas), depending on the material and software used, also
has to be addressed. Indeed, none of the definitions of the
ischemic index consider the location of the non-perfusion areas.
Recommendation
Whenever an RVO is suspected, a full ophthalmologic
examination in particular including a VA measurement,
an iris examination to rule out neovascularization, and a
fundus examination should be undertaken. Taking the
Schmidt-Erfurth et al.

medical history and the examinations into account, the
various possible diagnoses should be considered and the
presence of macular edema as well as the extent of the
retinal ischemia evaluated. For this last evaluation, establishing the relation between the extent of change in VA
and non-perfusion on FA can be helpful. If hemorrhage
precludes reliable evaluation of retinal perfusion on FA,
this examination can be done after a few injections (if required) as they often clean the fundus significantly. Monitoring of signs of ischemia and neovascularization should
continue during follow-up at least by monitoring VA, the
iris, and the fundus.

plexus or measuring the size of the foveal avascular zone.
It can also visualize collaterals of the regular retinal microvasculature and be used to evaluate the extent of ischemic areas.

Rationale
OCT is the most commonly used imaging modality in
RVO. The fast-emerging new technologies, mainly sweptsource OCT technology, are especially useful as they allow microstructural and near histologic imaging. Densely spaced volume scans create high-resolution images,
where many different features can be distinguished. In
addition, the introduction of OCT angiography allows
even more detailed analysis in a non-invasive way. In
RVO, the identified features look very much like those of
chronic diseases such as diabetic macular edema (DME),
but with the acute onset of CRVO and BRVO there may
be other features or the same features can be interpreted
differently.
Central retinal thickness (CRT), defined as the mean
thickness of the retina between its inner and outer boarders on all a-scans taken in the central 1-mm area, is the
most used OCT feature. CRT has been the major endpoint in most randomized clinical trials: its increase correlates with functional loss, whereas its decrease correlates with functional gain [16, 17]. CRT measurements
are used to evaluate disease activity and progression as
well as the treatment response in each individual patient
and can be imaged with any OCT device. Evaluation of
high-resolution images reveals features on a more detailed level. Among others, intraretinal fluid (IRF)/cystoid fluid (usually used for the same entity: any IRF of
which most is organized as cystoid spaces), subretinal fluid (SRF), hyperreflective foci (HRF), or different retinal
layers and their thickening, thinning, or disruption, especially in the photoreceptor layers, can be distinguished.
Evaluation of OCT angiography mainly allows interpretation of the retinal vessel density in the different retinal

Evidence
As with other retinal diseases, OCT can be used for
diagnosis, staging, observation, and the individual treatment response of macular edema in RVO. Many publications have shown the different morphologic features and
their correlation to function and most of them can be only
imaged with OCT. SRF (the non-reflective space between
the neurosensory retina and the retinal pigment epithelium) and IRF (the minimally reflective round or oval
spaces within the neurosensory retina) are signs for acute
macular edema (Fig. 4). Disorganization of the inner retinal layers (DRIL), integrity changes in the inner and outer photoreceptor segment line, and the external limiting
membrane show damage to the retinal structure that may
lead to irreversible cell loss and associated functional loss.
HRF as well as vitreomacular abnormalities (e.g., traction, epiretinal membrane) can be imaged in different
disease states of RVO. Signs of ischemia in RVO have
been reported as a prominent middle limiting membrane
(p-MLM) and PAMM.
Most randomized clinical trials have used CRT as the
primary endpoint. CRT has always been the primary
morphologic endpoint, starting with the BRAVO (Branch
Retinal Vein Occlusion) and CRUISE (Central Retinal
Vein Occlusion) trials, where CRT measured on time-domain OCT was used, but it was also used in trials such as
CRYSTAL (Ranibizumab Intravitreal Injections in Patients with Visual Impairment due to Macular Edema
Secondary to Central Retinal Vein Occlusion)or BRIGHTER (Efficacy and Safety of Ranibizumab with or without
Laser in Comparison to Laser in Branch Retinal Vein Occlusion), where spectral-domain OCT was the modality
of choice [16, 17]. However, there are many publications
showing that there is an individualized need for decisions
based on morphology in RVO [18, 19].
The CRYSTAL and BRIGHTER studies have been analyzed in detail for morphology-based research. These
were two 24-month, phase IIIb, open-label, multicenter
studies with 812 patients in total that assessed the efficacy
and safety of an individualized dosing regimen of 0.5 mg
ranibizumab driven by VA stabilization criteria in CRVO
and BRVO (see also Anti-VEGF Agents) [16, 17]. One
main factor predicting functional outcomes in macular
edema due to RVO is the response to treatment in a spatiotemporal morphologic analysis. By analyzing data
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Features in Optical Coherence Tomography and
Angiography
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Fig. 4. Subretinal fluid (SRF) non-reflective space between the neurosensory retina and the retinal pigment epi-

thelium (blue) and intraretinal fluid (IRF) minimally reflective round or oval spaces within the neurosensory
retina (green) are signs for acute macular edema. Automatic segmentation of IRF and SRF with deep learning is
possible in RVO. Adapted with permission from Schlegl et al. [158].

from the three initial injections, it is possible to predict if
edema will recur within the study period [20]. Using fluid for the prediction of outcomes in addition to clinical
and VA data increased the prediction accuracy. Nevertheless, VA at baseline had the largest impact on VA outcomes after the study interval [21]. An analysis of the impact of the vitreomacular interface status in patients from
these trials showed larger best-corrected visual acuity
(BCVA) gains in eyes with than without vitreomacular
adhesion (BRVO: 15 ± 12 vs. 11 ± 11 letters, p = 0.02;
CRVO: 18 ± 14 vs. 9 ± 13 letters, p < 0.01) despite those
with vitreomacular adhesion receiving a similar number
of retreatments [22]. Another subanalysis of these studies
could show that neuroretinal atrophy (predominantly
retinal thinning in the inner plexiform to outer nuclear
retinal layer compartment in focal macular areas) can fol128
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low ranibizumab therapy in RVO but is not associated
with poorer VA outcomes [23]. The fact that CRYSTAL
resulted in a statistically significant BCVA gain in a broad
population of patients, including those with macular
ischemia at baseline, supports the notion that focal ischemia or atrophy may not be associated with worse VA
outcomes in RVO [16].
Some studies with few patients have investigated the
importance of other morphologic features. A study of 39
patients with BRVO (combined with patients with
DME) has shown that HRF are associated with poorer
visual outcomes and a reduction of HRF can be achieved
with anti-VEGF or steroid treatment [24]. The same
study also showed that the number of HRF is higher in
patients with more thickening of the retina. Furthermore, the more HRF were present, the more likely phoSchmidt-Erfurth et al.
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Fig. 5. Color fundus photograph (a), early-phase (b) and latephase (c) FAs, and superimposed images of branch retinal vein
occlusion 3 years after symptom onset (d). A Spectralis OCT image
corresponds to the green arrow in the infrared image (e), and its

magnified image shows fine hyperreflective foci in the occluded

area (g) and confluent hyperreflective foci in the inner and outer
sides of the outer plexiform layer (f). NFL, retinal nerve fiber layer;
GCL, ganglion cell layer; IPL, inner plexiform layer; INL, inner
nuclear layer; OPL, outer plexiform layer; ONL, outer nuclear layer. Adapted with permission from Ogino et al. [27].
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Fig. 6. A patient with paracentral acute middle maculopathy. a A
37-year-old woman receiving therapy for active pulmonary tuberculosis presented with acute vision loss in the right eye and noted
that pieces of central vision were missing, as illustrated by Amsler
grid testing. b Visual acuity was 20/25 at presentation, and retinal
examination of the right eye was consistent with acute central retinal vein occlusion and perivenular retinal whitening in the temporal macula (solid arrow). c Fluorescein angiography was unre-

markable. d Near-infrared reflectance imaging demonstrated multifocal dark gray lesions at the terminal tips of the venous
branches corresponding to the retinal whitening observed clinically. e Spectral-domain optical coherence tomography revealed
multiple hyper-reflective plaque-like lesions involving the inner
nuclear layer (solid arrows) consistent with paracentral acute middle maculopathy. Adapted with permission from Rahimy et al.
[29].

toreceptor layer (inner and outer photoreceptor segment line and the external limiting membrane) disruption occurred, which most probably accounted for the
worse VA outcomes in these patients [24]. Two other
studies of 50 and 97 patients, respectively, with BRVO
and CRVO specify this finding even more, as they analyzed the position of HRF with regard to their depth location. In both studies, the HRF in the outer retinal layers were the best prognostic factor for therapy outcome
of anti-VEGF treatment when the photoreceptor disruption status was analyzed and correlated with VA [25,
26]. The accumulation of HRF looks different from that
in DME. In DME, HRF usually accumulate around fluid
departments, whereas in RVO most HRF accumulate

around the outer plexiform layer regardless of the fluid
around them [27] (Fig. 5).
Another study of 136 eyes with macular edema due to
RVO analyzed the impact of DRIL and DRIL over time
on VA [28]. The researchers concluded that greater DRIL
extent at baseline correlates with worse baseline VA
(point estimate, 0.04; 95% confidence interval [CI], 0.01–
0.07 per 100 µm, p = 0.003). The change in the DRIL extent following the first three monthly anti-VEGF injections identified eyes with a high likelihood of subsequent
VA improvement or decline. Therefore, the extent of
DRIL before and after treatment represents an additional
OCT variable that may serve as a biomarker for patients
with macular edema due to RVO [28].
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Fig. 7. Acute ischemic retinopathy of CRVO followed by latephase inner retinal atrophy. A 55-year-old female patient without
any previously known medical or ophthalmologic history complained of sudden visual loss (best-corrected visual acuity of
20/400) lasting 4 days before presentation. a On fundus examination, tortuous dilated retinal veins with multiple retinal hemorrhages and cotton-wool spots were observed and diagnosed as
CRVO. There was a delayed arteriovenous transit time in fluorescence angiography. However, areas with capillary non-perfusion
were mixed with perfused areas at the macula (b) and peripheral
retina (c) making it difficult to measure the size of the non-perfused area. d, e OCT shows a prominent line of hyperreflectivity

near the synaptic portion of outer plexiform layer (marked with
white triangles), the prominent middle limiting membrane. During follow-up, she had three intravitreal anti-VEGF injections for
resolution of the macular edema. f, g After 4 months, the macular
edema was completely resolved, but atrophic areas of the inner
retina remained (marked with vacant triangles) and visual acuity
remained unimproved (20/400); note that the integrity of the outer nuclear layer and the photoreceptor layer, which are supplied by
the choroidal circulation, remained well preserved at the final visit (marked with white arrows). Adapted with permission from Ko
et al. [30].

PAMM and p-MLM signs have been described to predict the development of ischemic areas in eyes with RVO.
One study analyzed OCT images of 484 patients for “hyper-reflective spectral-domain OCT lesions involving the
middle layers of the retina at the level of the inner nuclear layer” (Fig. 6) and concluded that these may develop in
response to ischemia of the intermediate and deep capil-

lary plexuses. Importantly, PAMM was associated with
focal VA loss [29]. Another study analyzed the p-MLM
sign in RVO as “a hyperreflective line located in the inner
part of the outer plexiform layer” (Fig. 7) as an indicator
of acute ischemic retinal damage in 50 patients with
CRVO and found patients with p-MLM had a statistically significant worse VA outcome [30].
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Many studies focus on the correlation between morphologic features and VA, and underline their importance as potential biomarkers. Most of these studies look
at a single or few imaging biomarkers at a time. The Vienna group has subanalyzed all the morphologic features
in one patient cohort (CRYSTAL and BRIGHTER subset
with Spectralis OCT of 682 patients) to identify which
imaging biomarker is best for assessing the structurefunction correlation. The only predictive features from 15
potential morphologic biomarkers were CRT, SRF, HRF
and IRF. However CRT itself was the most predictive one,
closely linked to the existence of IRF. Individual morphologic changes in RVO such as an acute onset of disease
have little impact on baseline VA. Photoreceptor alterations in particular do not seem to play such a significant
role as they do in other (chronic) diseases, for example
DME and neovascular age-related macular degeneration
(AMD) [Michl et al., unpubl. data].
In RVO, OCT angiography generally shows reduced
retinal vessel density in all plexuses in the affected eye
compared to the unaffected fellow eye of the same patient.
In comparison to FA, OCT angiography can detect the
extent of ischemic RVO in most cases, but it misses some
[31]. A few studies have described the association of a
smaller mean perfusion area or the often present foveal
avascular zone enlargement on OCT angiography with
worse VA outcomes after anti-VEGF therapy or a higher
mean number of edema recurrences [31–38]. It is also
possible to visualize abnormal retinal vessels which may
be intraretinal and therefore not very well visible for the
clinician [39].
Recommendation
OCT is a useful modality to diagnose macular edema
due to RVO. Unlike in other retinal diseases, the magnitude of the impact of individual morphologic changes on
VA remains unclear. Nevertheless, there are features that
seem to play an important role. HRF in the outer plexiform layer have an especially negative impact on VA
prognosis. Additionally, CRT is a robust variable because
RVO is an acute-onset disease and may not show as many
long-term changes as chronic retinal diseases. The photoreceptor status has no direct influence on VA at the
time of the acute onset of the disease but plays an important role in VA prognosis after therapy. OCT angiography is a good addition to monitor the retinal microvasculature over time. It is recommended to use it in addition
to regular OCT imaging when available. At baseline, the
patient should be imaged with OCT angiography in addition to FA.
132
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The exact impact of each feature in OCT and OCT angiography is still to be determined in large randomized
clinical trials; therefore, the recommendation is to monitor disease activity with OCT at regular intervals and retreat based on VA (as the strongest predictor for later VA)
and CRT. These recommendations are based on evidence
levels I and II.
Therapeutic Strategies

Laser Therapy
Rationale
Laser photocoagulation is the standard of care for the
treatment of neovascular complications associated with
RVO [11, 40]. The mechanism of panretinal laser photocoagulation (PRP) has been attributed to the destruction
of ischemic retina, leading to an improved blood supply
to the remaining retina and decrease in VEGF production
[41]. Prior to the introduction of anti-VEGF therapy, focal laser photocoagulation was used in macular edema
secondary to BRVO [42].
Evidence
For patients with CRVO, the CVOS provided evidence
for indication, treatment, and follow-up for PRP [11, 40].
Prophylactic PRP did not prevent the development of iris
or angle neovascularization in eyes with extensive capillary non-perfusion (10 or more disc areas). Therefore,
PRP was recommended only after iris neovascularization
was visible, requiring a weekly or biweekly follow-up of
patients with extensive capillary non-perfusion. Where
close follow-up is not possible, prophylactic PRP should
be considered as early PRP (within 90 days of onset of the
CRVO) can prevent iris neovascularization in ischemic
CRVO [43].
Argon laser is usually used for PRP, with laser spots
applied outside the vascular arcade extending anterior as
far as possible. In general, 1,500–2,500 spots with a diameter of 500 µm are applied. Peripheral transscleral cryocoagulation may be considered for eyes with hazy media
where laser photocoagulation is not possible. Laser spots
should only be applied in the affected retinal areas of patients with BRVO [44].
The Branch Vein Occlusion Study (BVOS) provided
evidence that focal laser photocoagulation statistically
significantly improves VA in patients with macular edema secondary to BRVO [42]. Until the introduction of
anti-VEGF therapy, this treatment was the standard of
care for macular edema secondary to BRVO [45–49]. DiSchmidt-Erfurth et al.

rect comparison between anti-VEGF intravitreal therapy
and focal laser photocoagulation showed that the outcome after anti-VEGF therapy was statistically significantly better than after focal laser photocoagulation.
About twice as many patients had a three-line improvement after anti-VEGF therapy than after focal laser photocoagulation [48, 49]. For more details on the comparative studies, please refer to the section on anti-VEGF
agents.
Recommendation
PRP is the standard of care for the treatment of neovascular complications associated with RVO. These include retinal and disc neovascularization secondary to
BRVO or CRVO as well as iris neovascularization [11,
40]. Laser treatment can be withheld in patients with extensive retinal ischemia who require close follow-up until
neovascularization is detected. Otherwise, prophylactic
laser photocoagulation should be considered [43]. Laser
treatment for macular edema secondary to BRVO has
been shown to be effective for visual improvement [42]
but in view of the availability of anti-VEGF therapy, focal
laser photocoagulation should be considered only as a
second-line treatment [45–47].

Ranibizumab
Rationale
Ranibizumab is a humanized, recombinant, affinitymatured VEGF monoclonal antibody fragment, designed for intraocular use that binds to and neutralizes
all isoforms of VEGF-A and their biologically active degradation products [47, 51, 52]. Today, it has an established role in the treatment of AMD and DME [47, 51].
Several studies have reported the efficacy and safety of
ranibizumab in the treatment of macular edema secondary to RVO, and long-term data recently became available allowing the evaluation of continued therapeutic effects [56, 57].

Anti-VEGF Agents
Rationale
The rationale for anti-VEGF therapy of macular edema
following RVO is based on the observation that intraretinal
VEGF mRNA transcription and intraocular VEGF levels
were increased in patients with RVO compared with a control group [50–54]. VEGF increases vessel permeability by
increasing the phosphorylation of tight junction proteins
and is thus an important mediator of the blood-retinal barrier breakdown leading to vascular leakage and macular
edema [53]. Therefore, therapy that inhibits VEGF is an
effective therapeutic modality targeting the underlying
pathogenesis of macular edema in RVO [47, 52]. Consequently, anti-VEGF intravitreal therapy has become the
standard of care for treating this disease. Currently, two
anti-VEGF agents have been approved by the European
Medicines Agency (EMA) and the US Food and Drug Administration (FDA) for the treatment of macular edema
due to RVO: ranibizumab (Lucentis; Genentech Inc.,
South San Francisco, CA, USA) and aflibercept (Eylea®;
Regeneron Pharmaceuticals Inc., Tarrytown, NY, USA,
and Bayer HealthCare Pharmaceuticals, Berlin, Germany).
Bevacizumab (Avastin; Genentech, South San Francisco,
CA, USA/Roche, Basel, Switzerland) is additionally used
for this indication on an off-label basis [47, 55].

Evidence
Ranibizumab versus Sham and Ranibizumab versus
Grid-Laser
The BRAVO and the CRUISE trials, two phase III,
multicenter, randomized studies, were the first to provide
evidence of the efficacy of monthly intravitreal injections
of ranibizumab in patients with macular edema following
BRVO and CRVO diagnosed within 12 months before
enrollment [47, 51]. After 6 months in the BRAVO trial,
patients with BRVO treated with 0.3 or 0.5 mg intravitreal ranibizumab had a significantly superior functional
outcome compared with patients treated with sham injections. Mean BCVA changes from baseline were +16.6 and
+18.3 letters for the 0.3 and 0.5 mg ranibizumab arm, respectively, versus +7.3 letters for the sham arm; a 15-letter
BCVA gain from baseline in 55.2 and 61.1% of the 0.3 and
0.5 mg ranibizumab arm, respectively, versus 28.8% for
the sham arm (p < 0.0001 for each ranibizumab group vs.
sham, for both analyses) [47] (Fig. 8).
Similar results were reported for patients with CRVO
in the CRUISE trial. The mean BCVA changes from baseline were +12.7 and +14.9 letters for the 0.3 and 0.5 mg
ranibizumab arm versus +0.8 letters in the sham group; a
15-letter BCVA gain from baseline in 46.2 and 47.7% of
the 0.3 and 0.5 mg ranibizumab arm, respectively, versus
16.9% in the sham group (p < 0.0001 for each ranibizu
mab group vs. sham, for both analyses) [51] (Fig. 9).
BCVA improvement was rapid and dramatic in both
ranibizumab groups, with patients gaining an average 7.5
(BRVO) and 9 (CRVO) letters 7 days after the first injection. The mean BCVA improvement was greater in all
treatment groups of both studies for patients affected by
BRVO <3 months before study screening compared with
those diagnosed ≥3 months before screening. The mean
change in BCVA at month 6 was greater for patients with
worse BCVA and CRT >450 µm at baseline [47, 51].
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the ranibizumab treatment groups during the observation period.
There was substantial improvement in visual acuity in the sham/0.5
mg group during the observation period; however, the mean
change from baseline BCVA score of the sham/0.5 mg patients remained significantly different from that of the 0.3 and 0.5 mg
groups at month 12. ETDRS, Early Treatment Diabetic Retinopathy Study [58].
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Concomitant with the improvement in BCVA, there
was a rapid and dramatic reduction in CRT after treatment with ranibizumab (at day 7, CRT mean reduction
from baseline was >250 µm in both ranibizumab groups
compared with no reduction in the sham group) [47, 51].
During a subsequent 6-month observation period, all
patients (including the sham group) could receive monthly intravitreal ranibizumab based on prespecified OCT
and VA criteria (pro re nata; as needed [PRN]). At month
12, the 0.3 and 0.5 mg treatment groups maintained CRT
reduction with ranibizumab PRN (CRT mean reduction
–313.6 µm and –347.4 µm in the BRAVO study, and
–452.8 µm and –462.1 µm in the CRUISE study); the
sham group (then mostly having received ranibizumab
0.5 mg for 6 months PRN) also improved in CRT, with a
mean reduction from baseline of –273.7 µm in the BRAVO (still significantly lower than in ranibizumab groups,
p < 0.05) and –427.2 µm in the CRUISE at month 12 (not
significantly lower than ranibizumab groups, p > 0.40)
[46, 58]. During this observation period, the mean number of ranibizumab injections (PRN) was 2.8 and 3.8 in
the 0.3 mg, 2.7 and 3.3 in the 0.5 mg, and 3.6 and 3.7 in
the sham group of the BRAVO and CRUISE studies, respectively.
Most patients who did not receive any injection showed
worsening of BCVA from month 6 to 7, whereas most of
those who received an injection showed improvement in
BCVA [46, 58] (Fig. 8, 9). However, at month 12, both
ranibizumab groups (0.3 and 0.5 mg) maintained BCVA
improvements (+16.4 and +18.3 letters from baseline in
BRVO patients and +13.9 letters for both groups in patients with CRVO). The sham group improved (+12.1
and +7.3 letters from baseline in BRAVO and CRUISE,
respectively), still statistically significantly less than the
ranibizumab groups [46, 58]. (Fig. 8, 9). At month 12, the
percentage of patients who obtained a Snellen equivalent
≥20/40 (generally considered an excellent outcome) was
43.2 and 43.1% in the 0.3 and 0.5 mg groups and 34.6% in
the sham group in BRAVO and 67.9, 66.4, and 56.8% in
CRUISE [46, 47, 51, 58].
Based on these results, ranibizumab was approved by
the FDA and the EMA for this indication in 2010 and
2011 [46]. However, these trials did not compare the effectiveness of intravitreal ranibizumab against grid laser
photocoagulation, which was the current standard of care
at that time and was used in these trials only as rescue
treatment for all patients. A later study demonstrated the
greater efficacy of intravitreal 0.5 mg ranibizumab compared with conventional macular grid laser in patients
with perfused macular edema following BRVO with a vi-

sion loss duration between 6 weeks and 9 months prior to
the baseline visit. The study was a multicenter, masked,
randomized, placebo-controlled study, registered at the
Australian New Zealand Clinical Trials Registry [45]. It
differed from BRAVO as after 6 months of monthly injections both groups could receive monthly intravitreal 0.5
mg ranibizumab or sham injections based on prespecified
OCT and VA PRN criteria [42, 45].
At month 12, the 0.5 mg ranibizumab group was statistically significantly superior to the laser group in functional outcome (mean BCVA change from baseline +12.5
and –1.6 letters for the ranibizumab and sham groups). A
15-letter BCVA gain from baseline was achieved in 53
and 19% of the ranibizumab and sham groups, respectively [45] (Fig. 10). BCVA improvement was already
seen in the ranibizumab group at month 1, while in the
laser group the maximum BCVA decrease was seen at
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Fig. 10. Graph of mean change from baseline best-corrected visual acuity (BCVA) letter score in the study eye over time to month
12 in patients receiving intravitreal ranibizumab vs. standard grid
laser for macular edema following branch retinal vein occlusion.
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of patients receiving intravitreal ranibizumab (represented by
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Fig. 11. The RETAIN Study. Graphs showing that patients with
branch retinal vein occlusion treated with ranibizumab have an
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month 3. The percentage of patients who obtained a Snellen equivalent ≥20/40 at month 12 was 60.0 and 28.6% in
the ranibizumab and laser groups, respectively [45]. At
weeks 13 and 25, 6.7 and 8.3% of patients receiving rani

bizumab required rescue laser compared with 68.4 and
50% of patients receiving sham, respectively (p = 0.0004
and 0.039). In the PRN period, the frequency of injections
every 8–12 weeks was in accordance with that reported in
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the BRAVO study, although the retreatment regimens
used differed slightly [45–47]. After a 1-year study period,
combining laser with ranibizumab did not seem to provide any advantage compared with ranibizumab monotherapy in terms of improving BCVA and treatment exposure in patients with BRVO [45].
Long-Term Follow-Up
After completion of the BRAVO and CRUISE trials,
patients were offered enrollment in an open-label, multicenter extension study to evaluate the safety and tolerability of ranibizumab (HORIZON Study) and were seen at
least every 3 months and treated with 0.5 mg ranibizumab on VA and OCT criteria in a PRN regimen. After 1
year, all three original treatment groups in CRUISE
showed a statistically significant reduction in the mean
change in BCVA letter score from baseline, whereas there
was no significant difference from baseline in the BRAVO
groups [57].
The RETAIN Study (extended follow-up of patients
with macular edema due to bRanch rETinal vein occlusion or centrAl retinal veIn occlusioN previously treated
with intravitreal ranibizumab) was a following open-label, single-arm, multicenter extension trial that included
patients who completed the BRAVO or CRUISE trials
and had subsequent follow-up in HORIZON [56]. At
their final visit, the mean BCVA change in patients with
BRVO was +20.1 letters from the BRAVO baseline with
a 15-letter BCVA gain in 61.8%; in patients with CRVO,
it was +14.0 letters with a 15-letter BCVA gain in 53.1%
(not statistically different from the improvement at the
end of the BRAVO and the CRUISE studies for the same
cohorts of patients) (Fig. 11, 12). The percentage of patients who obtained a Snellen equivalent ≥20/40 was
79.4% for patients with BRVO and 43.8% for those with
CRVO. The mean number of ranibizumab injections per
year was 2.6 and 4.5 in year 2, 2.1 and 3.6 in year 3, and
2.0 and 3.3 in year 4 for patients with BRVO and CRVO,
respectively [47, 51, 56] (Fig. 11, 12).
Resolution of macular edema was defined as the absence of IRF and SRF in the macula for at least 6 months
after the last injection of ranibizumab. It occurred in 50%
of patients with BRVO who entered the RETAIN study;
however, the amount of improvement in BCVA at the last
visit was not significantly greater for patients with resolved than with unresolved edema (25.9 vs. 17.1 letters;
p = 0.09). Unlike patients with BRVO, those with CRVO
who had a resolution of edema (43.8%) had a superior
visual outcome compared with those who did not (73.2
vs. 56.1 letters; p = 0.01). RETAIN study patients who reEURETINA Guidelines for the
Management of RVO

ceived grid laser photocoagulation did not differ statistically significantly in visual outcome; neither did they
show a greater reduction in mean CRT nor did they require fewer injections of ranibizumab. Patients with
BRVO or CRVO who did not have a resolution of edema
had a higher mean age and were statistically significantly
more likely than patients whose edema resolved to have
arterial hypertension. These data indicate that functional
outcome was maintained after 4 years of a PRN regimen
with ranibizumab injections in CRVO with a reduced
number of injections compared with the observation period of the BRAVO study. Also it is evident that in a longterm follow-up, patients with CRVO or BRVO will still
require ranibizumab injections to control edema [56, 57].
Dosing and Regimen
0.5 mg versus 2.0 mg Ranibizumab. 0.5 and 2.0 mg ran
ibizumab were compared in the RELATE (Ranibizumab
DosE Comparison (0.5 and 2.0 mg) and the Role of LAser
in the ManagemenT of REtinal Vein Occlusion) Study, a
double-masked, randomized, controlled clinical trial
with 24 weeks of monthly injections, followed by re-randomization to two PRN arms for recurrent edema, on
prespecified OCT-based criteria: ranibizumab plus laser
or ranibizumab alone. Patient populations differed from
those in BRAVO and CRUISE because they were not
treatment naïve and were not excluded for duration of
disease of 1 year or more [49]. Patients with BRVO
showed a rapid reduction in mean CRT at 1 month, with
little change thereafter and no statistically significant difference between groups at week 24 (p = 0.19). In patients
with CRVO, the initial reduction in mean CRT was greater in those treated with 2.0 mg ranibizumab, and a significant difference remained at week 24 (mean CRT improvement –253.5 µm in the 0.5 mg ranibizumab group
vs. –396.1 µm in the 2.0 mg ranibizumab group, p = 0.03).
However, injections with 0.5 mg ranibizumab were sufficient to achieve similar functional improvement (mean
BCVA change from baseline was +12.1 and +14.6 letters
in the 0.5 and 2.0 mg ranibizumab groups, respectively,
p = 0.31, in patients with BRVO, and +15.5 and +15.8 letters, p = 0.94, in patients with CRVO, at week 24), showing no clinically significant benefit in using 2.0 mg rani
bizumab [49].
At the secondary endpoint (2.5 years after randomization), there was no significant difference in CRT or BCVA
mean change from week 24 in ranibizumab plus laser
groups versus ranibizumab only groups, as well as in the
mean number of PRN ranibizumab injections and the
number of patients whose edema resolved. These data
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Fig. 12. The RETAIN Study. Graphs showing that patients with
central retinal vein occlusion treated with ranibizumab have good
long-term outcomes. a Mean best-corrected visual acuity (BCVA)
in Early Treatment Diabetic Retinopathy Study (ETDRS) letter
score plotted at 6-month intervals from first entry into the Ranibizumab for the Treatment of Macular Edema after Central Retinal
Vein Occlusion Study: Evaluation of Efficacy and Safety (CRUISE)
study. b Mean CFT (center point thickness by Stratus optical coherence tomography [Carl Zeiss Meditec Inc., Dublin, CA, USA])
plotted at 6-month intervals from first entry into CRUISE. Dark
gray line represents a value of 172 mm, the mean CFT reported in
normal patients. c Mean number of injections per 6-month inter-

val from first entry into CRUISE. d Final change in BCVA
(ΔBCVA) plotted against the time after CRUISE baseline when the
last injection of ranibizumab was given for resolved patients (no
edema for at least 6 months after last injection of ranibizumab
[gray squares] and unresolved patients [black circles]). e Mean
BCVA plotted at 6-month intervals for resolved patients (gray
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patients. Dark gray line represents a value of 172 mm, the mean
CFT reported in normal patients. g Mean number of injections per
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confirmed previous data for patients with BRVO and
with CRVO [45, 49].
Ranibizumab versus Bevacizumab Treatment. With
regard to the different treatment regimens, several studies
are available. The MARVEL (Macular Edema due to
Branch Retinal Vein Occlusion) Study evaluated the ef-

ficacy of intravitreal 0.5 mg ranibizumab and 1.25 mg
bevacizumab in patients affected by macular edema secondary to BRVO (for details, see the section Bevacizu
mab). Taken together, the mean number of injections in
the MARVEL trial was statistically significantly less than
that seen in the BRAVO trial at 6 months (3 vs. 6, respec-
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tively) and from 6 to 12 months (0.29 vs. 2.7, respectively). The anatomic outcome at 6 and 12 months showed
an apparent greater improvement in the BRAVO study
with a monthly injection regimen (–345.2 and –347.4 µm
at 6 and 12 months, compared with –177.1 and –165.7 μm
in the MARVEL study) but still achieved a comparable
VA result at month 6 [46, 47, 59, 60]). The percentage of
patients who obtained a Snellen equivalent ≥20/40 at

month 12 was 62.16% in the MARVEL study versus 66.4%
in the BRAVO study [46, 60].
Fixed Monthly versus PRN Treatment of Ranibizumab.
A direct comparison of monthly versus PRN regimen was
made in the SHORE Study (Evaluating Dosing Regimens
for Treatment with Intravitreal Ranibizumab Injections
in Subjects with Macular Edema following Retinal Vein
Occlusion), a 15-month, phase IV, multicenter, random-
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ized trial evaluating the efficacy and safety of monthly
versus PRN injections of 0.5 mg ranibizumab in patients
with macular edema after BRVO or CRVO diagnosed
within 12 months of screening and who had received at
least 7 injections 1 month apart and met VA and OCT
stability criteria at some visit between months 7 and 14
[61]. At month 15, the percentage of patients who had a
gain of ≥15 letters from baseline was 66.3% in the monthly group and 70.7% in the PRN group. The percentage of
patients with BCVA ≥20/40 was nearly identical in the
two randomization groups throughout the entire study
period, and at month 15 it was 71.3% in the monthly
group and 76.8% in the PRN group. None of these responses were significantly different between the two
groups (p > 0.05) (Fig. 13). Moreover, despite a slightly
higher percentage of macular edema in the PRN group
(32.9%) than in the monthly group (25.0%) (p = 0.301),
the PRN group showed a significantly larger BCVA improvement over the monthly group at month 15 (p =
0.048).
During the 8-month alternate-dose period, the number of injections was approximately half in the PRN group
(7.6 and 3.7 for the monthly and the PRN group, respectively), but there was considerable heterogeneity among
patients. Patients who did not achieve stability criteria to
be randomized showed a similar improvement in BCVA
as the randomized patients during the first 3 months of
the trial but then deteriorated despite monthly injections.
This suggests that these patients, even if few, represent a
distinct population who have a less sustained or less robust response, or both, to ranibizumab [61].
The similar outcomes in patients treated with monthly injections for 15 months versus those switched to PRN
after stabilization may indicate that recurrence of edema
after stabilization does not adversely affect VA outcomes,
at least up to 15 months. However, other studies have suggested that on average patients with CRVO are more likely than those with BRVO to experience increased edema
and reduced vision when the duration between follow-up
visits is increased [56, 57].
The heterogeneity among SHORE patients highlights
the potential clinical value of a period of PRN treatment
to identify patients for whom the number of treatments
can be successfully reduced [61].
Individualized Treatment and Combination. The
CRYSTAL and BRIGHTER trials assessed the efficacy
and safety of an individualized dosing regimen of 0.5 mg
ranibizumab driven by VA stabilization criteria (defined
as three consecutive visits with stable VA) in 357 and 455
patients with visual impairment resulting from macular
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edema secondary to CRVO and BRVO, as recommended
in the European Summary of Product Characteristics [16,
17, 62, 63].
The 12-month CRYSTAL study results showed a significant mean gain in BCVA from baseline for patients
with CRVO with a mean of 9.1 injections (+12.3 letters,
p < 0.0001), occurring rapidly after the first injection
(+8.9 letters, p < 0.0001). A 15-letter gain was obtained in
49.2% of the patients and 47.5% attained a BCVA of 20/40
at month 12. A stable VA was achieved in 37% of patients
after the three initial mandatory injections [16]. The
BRIGHTER study confirmed the long-term efficacy of
PRN dosing driven by individualized VA stabilization
criteria in patients with BRVO, showing no statistically
significantly better functional outcomes or lower treatment need when adding laser photocoagulation (+15.5
and +17.3 letters for ranibizumab and ranibizumab plus
laser, respectively, at month 24, with 11.4 and 11.3 injections) [17].
Moreover, differing from most previous studies, these
studies analyzed a broad population including patients
with various degrees of retinal ischemia and disease duration. Nevertheless, statistically significant BCVA gains
from baseline resulted, regardless of the baseline BCVA
score, CRVO duration, or degree of ischemia at baseline.
However, as in the BRAVO study, the mean BCVA gain
from baseline was higher in patients with a lower than in
those with a higher baseline BCVA (ceiling effect) and
with a shorter duration of RVO at baseline than those
with a longer one [16, 17, 63].
Most studies evaluating progression of retinal and iris
neovascularization secondary to BRVO showed no or rare
cases of these complications both in ranibizumab- and laser-treated patients, even when the studies with longer
follow-up admitted rescue anti-VEGF injections after
their first period of sham [17, 45, 46, 59]. Conversely, in
the CRUISE and CRYSTAL studies, the incidence of iris
neovascularization and neovascular glaucoma was higher
in the sham than in the ranibizumab groups. However,
they were reported to occur in a small percentage of patients with CRVO, despite ranibizumab therapy [16, 58].
Recommendation
Several randomized, controlled studies have proven
the efficacy and safety of ranibizumab in macular edema
secondary to RVO. An individualized dosing regimen of
0.5 mg ranibizumab, driven by VA stabilization criteria,
as recommended by the European Summary of Product
Characteristics, has been shown to provide anatomic
and functional improvement in both BRVO and CRVO
Schmidt-Erfurth et al.

Evidence
Central Retinal Vein Occlusion
The COPERNICUS and GALILEO Studies (Vascular
Endothelial Growth Factor Trap-Eye: Investigation of Efficacy and Safety in Central Retinal Vein Occlusion) were
two parallel randomized, double-masked, phase III studies that every 4 weeks compared intravitreal 2 mg aflibercept with sham treatment of macular edema secondary to
CRVO, diagnosed within 9 months in treatment-naïve
patients. From week 24 to week 52, all intravitreal aflibercept-treated patients in both studies and sham-treated

patients in COPERNICUS were eligible to receive intravitreal aflibercept on prespecified OCT and VA criteria
(PRN). Sham-treated patients in GALILEO were eligible
to receive intravitreal aflibercept only after week 52 [55].
At week 24, the mean change in CRT from baseline was
–453.1 μm in the intravitreal aflibercept group and –157.2
μm in the sham group. At week 52, the mean change in
CRT from baseline was –418.0 μm in the intravitreal
aflibercept group, –381.8 μm in the sham-aflibercept
group, and –219.3 μm in the sham group.
At week 24, mean BCVA change from baseline was
+17.7 and –0.5 letters in the aflibercept and the sham
group, respectively (15-letter BCVA gain from baseline in
60.4 and 17.0% of the aflibercept and the sham group, respectively, p < 0.001) (Fig. 14) Between week 24 and 52,
mean BCVA gain from baseline was maintained for
aflibercept; +7.8 and +0.5 letters were gained in the shamaflibercept (COPERNICUS) and the sham group (GALILEO), respectively. Switching from monthly to PRN regimen at 6 months resulted in a smaller functional decline
compared with the same period in the CRUISE study,
confirming a longer duration of effect with aflibercept
(Fig. 14). The mean number of injections received in the
intravitreal aflibercept group from baseline to week 24
was 5.8. From week 24 to 52, it was 2.6 in the aflibercept
group, 3.9 in the sham/aflibercept group and 0 in the
sham group. In the second period, patients who received
delayed injections achieved a lower VA outcome than
those in the aflibercept group despite their higher number
of injections [55]. Moreover, a higher proportion of patients who received aflibercept <2 months after diagnosis
gained >15 letters at 52 weeks compared with those who
received treatment >2 months after diagnosis [68]. From
week 52, patients were monitored every 8 weeks (GALILEO) or quarterly (COPERNICUS), and both groups received intravitreal aflibercept PRN. The visual and anatomic gains decreased during the second year with PRN
dosing and extended follow-up, suggesting that more frequent monitoring may be necessary to prevent disease
recurrence [69, 70]. Analysis of subgroups showed a
marked improvement in BCVA with aflibercept in patients with non-perfused retinas (>10 disc areas of retinal
capillary non-perfusion on FA) at baseline, in contrast to
a particularly poor response in the sham group [71].
The results of the integrated analysis of COPERNICUS and GALILEO were consistent with the generally
favorable safety profile of intravitreal aflibercept. The serious adverse events observed in this study largely comprised adverse events attributable to underlying disease(s).
Moreover, eyes treated with aflibercept showed a lower
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with obvious higher final VA achieved in BRVO [16, 17,
59, 62, 64–66].
Moreover, data on patients with longer disease duration suggest the necessity for prompt intravitreal treatment, as also proven by the inferior results in patients
injected after a first laser-only period compared with patients injected early [16, 17, 46, 58, 63]. Subsequent
monthly injections must be continued until VA stability
is reached. Long-term data support a monthly follow-up
period for at least 1 year, with subsequent extension upon
functional and/or anatomic stability reducing the treatment burden while maintaining functional stability [56,
57]. In fact, it has been proven that although ranibizumab
monthly injections suppress the effects of VEGF in most
patients, they did not eliminate VEGF production, as
shown by the reduction of visual and anatomic benefits
at injection interruption points [46, 58]. In addition, cases of late recurrence in the RETAIN study verified the
importance of long-term follow-up, particularly in patients with CRVO. First year follow-up also has the relevant role of allowing individualized treatment for less responsive patients and patients with VA more susceptible
to edema persistence or recurrence. Therefore, treatment
regimens need to be fitted to each patient’s needs [56].
Aflibercept
Rationale
Aflibercept, formerly known as VEGF trap-eye, is a
receptor fusion protein of key domains from human
VEGF receptors 1 and 2 with the constant region (Fc) of
human immunoglobulin G that binds to multiple isoforms of VEGF-A, VEGF-B, and placental growth factor
[55]. It has shown efficacy and safety in adequate clinical
trials in AMD and DME [48]. In preclinical studies, the
binding affinity of aflibercept for VEGF was shown to be
greater than that of either bevacizumab or ranibizumab,
and its duration of action in the eye is theoretically longer
[48, 49, 55, 67].
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ETDRS, Early Treatment Diabetic Retinopathy Study [55].

trend to progress to any (retina and iris) neovascularization compared with the sham groups [55]. A few cases of
optic disc and iris neovascularization appeared after week
52 with longer follow-up intervals, confirming the necessity for more frequent monitoring [69, 71].
Based on the results of the COPERNICUS and GALILEO Studies, intravitreal aflibercept was approved in the
US (in 2012) by the FDA and in Europe (2013) by the
EMA for treatment of macular edema due to CRVO.
Branch Retinal Vein Occlusion
With regard to BRVO, the VIBRANT Study (to Assess
the Clinical Efficacy and Safety of Intravitreal Aflibercept Injection (EYLEA®; BAY86-5321) in Patients with
Branch Retinal Vein Occlusion), a phase III, multicenter,
randomized, double-masked, active-controlled, 52-week
trial, compared the efficacy and safety of 2 mg intravitreal aflibercept with macular grid laser photocoagulation
for treatment of macular edema after BRVO, diagnosed
within 12 months. Eyes in both treatment groups were
evaluated for rescue treatment from week 12 onwards
based on prespecified criteria. Eyes in the aflibercept
group received an injection every 4 weeks from baseline
to week 20 and then every 8 weeks from week 24 to week
48 with sham injections in between. Eyes in the laser
group received aflibercept injections (3 monthly injections followed by every 8 weeks) as rescue treatment if
prespecified VA and OCT criteria were met [49].
At week 24, the aflibercept group was significantly
superior to the laser group in functional outcome (mean
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BCVA change from baseline +17 compared with +6.9
letters (p < 0.0001); a 15-letter BCVA gain from baseline
in 52.7% compared with 26.7% (p = 0.0003) (Fig. 15).
Mean BCVA improvement was significantly greater for
patients with worse BCVA at baseline (+15.7 vs. +6.9 in
eyes with baseline BCVA >20/200 and +34.5 vs. +7.3 in
eyes with baseline BCVA of ≤20/200, p < 0.0001 and
p = 0.0168, respectively) [49]. At week 24, the mean
change in CRT from baseline was –280.5 µm in the
aflibercept group compared with –128.0 µm in the laser
group (p < 0.0001) [49] (Fig. 15). The rescue criteria
were met in 80.7% of laser-treated eyes, which were then
injected with an average of 4.4 injections from week 24
to 52. At week 52, anatomic and visual outcomes were
maintained in the aflibercept group with extended interval injections (and rescue grid laser given in approximately 10% of eyes) [49]. Visual improvement in the
laser group was, however, still statistically significantly
inferior to the aflibercept group. No significant difference between perfused and non-perfused eyes was reported at week 52 [48]. The percentage of eyes with a
VA ≥20/40 in the aflibercept and the laser group was
24.2 and 18.9% (p = 0.3910) at baseline, 82.4 and 46.7%
(p < 0.0001) at week 24, and 84.6 and 67.8% (p = 0.0054)
at week 52 [48, 49].
The proportion of eyes with perfused retinas in the
aflibercept and laser groups was 60.4% versus 68.9% at
baseline, 80.2% versus 67.1% (p = 0.0497) at week 24, and
77.9% versus 78.0% (p = 0.7742) at week 52, respectively.
Therefore, between weeks 24 and 52, when the laser group
Schmidt-Erfurth et al.
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received treatment with intravitreal aflibercept as well,
the between-group difference in retinal non-perfusion
became non-significant [48]. During the 52 weeks of the
study, 4 cases of retinal neovascularization, all in the laser
group, and no case of anterior segment neovascularization were reported [48]. Non-ocular severe adverse events
occurred with a similar frequency in the aflibercept and
laser groups during the study [49].
Intravitreal 2 mg aflibercept was approved for treatment of macular edema due to BRVO by the FDA in 2014
and by the EMA in 2015.

Recommendation
Intravitreal aflibercept has proven to be effective in the
treatment of macular edema secondary to RVO. Early
treatment is important for optimal outcomes. After fixed
initial monthly injections, visual gain can largely be maintained, including regimens with extended intertreatment
intervals [68, 71–73]. The PRN regimen in the COPERNICUS and GALILEO studies demonstrated a sustained
efficacy at 1 year in patients with CRVO [68, 71]. In the
VIBRANT study, the switch to bimonthly treatment in
patients with BRVO was shown to preserve visual outcomes, reducing the treatment burden [48].
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A multicenter study (CENTERA) is on-going to evaluate a treat-and-extend regimen of aflibercept in macular
edema secondary to CRVO. In any case, long-term close
monitoring is advisable to control macular edema, particularly in patients with CRVO, probably because of the
continued excessive production of VEGF due to retinal
ischemia [69, 70]. Moreover, as in previous ranibizumab
studies, aflibercept therapy was shown to be also effective
in reducing non-perfused retinal areas as well as posterior and anterior segment neovascularization when patients are monitored adequately [68, 72].
Bevacizumab
Rationale
Bevacizumab is a full-length, humanized, recombinant, monoclonal antibody that binds to and inhibits
VEGF-A [59, 67]. The molecule was developed to inhibit
pathological tumor vessel formation and tumor growth
in metastatic colon cancer. Intraocular bevacizumab is
widely used as an off-label treatment for neovascular
AMD and DME, and costs less than ranibizumab and
aflibercept [67]. The standard dose of intraocular bevacizumab when used for ocular disease is 1.25 mg in 0.05 mL.
In randomized comparison trials, bevacizumab was
found to be non-inferior to ranibizumab for the treatment of AMD and DME [59], although the treatment of
choice in DME is more complex after the results of the
Diabetic Retinopathy Clinical Research Network Protocol T comparative trial [19].
Evidence
The MARVEL study, as described above, was a randomized, double-masked, prospective, non-inferiority
trial that compared intravitreal 0.5 mg ranibizumab and
1.25 mg bevacizumab in 75 patients with macular edema
due to BRVO of less than 9 months duration. Patients
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were evaluated monthly for 6 months and bimonthly for
the following 6 months and treated on a PRN basis. At
month 6, no significant difference between treatment
groups in functional outcome was reported (mean BCVA
change from baseline +18 and +15.6 letters for the rani
bizumab and the bevacizumab arm, respectively, p = 0.74;
15-letter BCVA gain from baseline in 59.4 and 57.8% of
the ranibizumab and bevacizumab arm, respectively, p =
1.0). 43.2 and 42.1% of the ranibizumab- and bevacizumab-treated patients gained more than 15 letters after the
first injection (Fig. 16). The percentage of patients who
obtained a Snellen equivalent of >20/40 at month 6 was
62.2% in the ranibizumab and 68.4% in the bevacizumab
group [59]. The VA difference of –2.5 letters between
groups was not enough to reach the non-inferiority limit
(5 letters) because of the large variance in VA changes (CI
from –8.0 to +5.0 letters). At month 6, the mean change
in CRT from baseline was –177.1 and –201.7 µm in the
ranibizumab and the bevacizumab group (p = 0.30).
10.8% of patients receiving ranibizumab required rescue
laser compared with 21.0% of patients receiving beva
cizumab (p = 0.34). The mean PRN number of injections
was 3.2 and 3.0 for ranibizumab and bevacizumab, respectively [59].
The visual benefits of PRN bevacizumab and ranibiz
umab were sustained at the 12-month secondary endpoint, with a final VA of ≥20/40 in 62.16% of the rani
bizumab-treated and in 65.78% of the bevacizumabtreated eyes (p = 0.8). The non-inferiority of bevacizumab
still could not be demonstrated (–2.8 letters; 95% CI –7.0
to +4.0 letters) [60] (Fig. 16). Two patients in both groups
developed retinal neovascularization [59].
The SCORE2 Study (Study of Comparative Treatments for Retinal Vein Occlusion 2) was a multicenter,
randomized clinical trial that investigated the non-inferiority of 1.25 mg bevacizumab to 2.0 mg aflibercept, adSchmidt-Erfurth et al.
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ministered monthly for 6 months to 362 patients with
macular edema due to central retinal or hemiretinal vein
occlusion, some treatment-naïve and others not. At
month 6, bevacizumab was non-inferior to aflibercept
based on a margin of 5 ETDRS letters. Mean BCVA gain
was +18.9 and +18.6 in the aflibercept and the bevacizumab group, respectively, with a ≥10-letter gain already
at month 1. 65.1% of the patients in the aflibercept group
gained ≥15 letters at month 6 compared with 61.3% in the
bevacizumab group (p = 0.89). In a post hoc analysis, the
number of eyes achieving a VA ≥20/40 at month 6 was
57.7% in the aflibercept group and 57.2% in the bevacizumab group (p = 0.89) [67]. In a univariate analysis,
shorter macular edema duration prior to therapy was associated with a greater VA gain as also previously reported in the GALILEO and COPERNICUS studies. Moreover, the multivariate analysis showed younger age and
lower baseline VA to be factors associated with greater
VA gain, as previously reported in the COPERNICUS
study and similar to the anti-VEGF treatment response in
DME. Both groups showed a statistically significant CRT
decrease from baseline through month 6 with a mean reduction of –425 μm in the aflibercept group and –387 μm

in the bevacizumab group (p = 0.83). At month 6, 54.4%
of eyes in the aflibercept group had a resolution of macular edema compared with 28.5% in the bevacizumab
group (p < 0.001), with no influence on functional outcomes [67, 74] (Fig. 17).
Post hoc analyses showed that factors associated with
favorable OCT outcomes were aflibercept treatment, no
prior anti-VEGF treatment, and higher baseline CRT
(probably because of a higher potential of reduction than
lower CRT), consistent with results of the Diabetic Retinopathy Clinical Research Network Protocol T. Previous
anti-VEGF treatment could signify worse disease, which
was already refractory to anti-VEGF therapy and which,
therefore, may be more likely to be refractory to additional anti-VEGF treatment [74].
Rates of adverse events were similar for both drugs and
consistent with those reported in other phase III trials
evaluating anti-VEGF therapy for RVO, AMD, and DME
[67].
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Recommendation
Bevacizumab proved to effectively reduce macular
thickness in these comparative, non-inferiority trials and
145

to improve VA in patients with macular edema due to
RVO using both monthly and PRN regimens. A very high
gain of ETDRS letters was obtained after the first injection compared with AMD and DME [59, 67].
The non-inferiority of bevacizumab to ranibizumab in
CRVO was found in the SCORE2 study with a monthly
regimen despite less reduction in CRT in the bevacizumab than in the ranibizumab group; longer follow-up with
an eventual switch to PRN could confirm this result [67].
The large range of BCVA results in patients with BRVO
in the MARVEL study did not reach the non-inferiority
limit, but the regimen of treatment was different from the
SCORE2 Study, and the population was smaller [59, 60].
The PRN regimen with bimonthly evaluations after the
first 6 months of the MARVEL study may have reduced
the treatment burden, but because of the limited number
of patients and short follow-up, further studies are required to confirm these data [60].
Post hoc analysis of the SCORE2 trial confirmed previous data obtained with other anti-VEGF drugs showing
better visual results in shorter duration macular edema,
younger patients and lower BCVA at baseline with no
statistically significant disparity between groups treated
with different drugs [74]. This supports the necessity for
an individualized approach to each patient, based on
baseline features and treatment response.
Steroids
Rationale
The pathogenesis of RVO (both CRVO and BRVO)
involves an increase in capillary permeability that results
in macular edema as well as raised venous pressure and
hypoxia. This is caused by a breakdown of the blood-retina barrier mediated in part by VEGF and in part by inflammatory cytokines [54]. Although the mean vitreal
levels of VEGF are elevated in both disease states (CRVO
and BRVO) in one-third of the eyes, these may fall within
the normal range despite the presence of macular edema
[75–77]. This finding indicates the existence of VEGFindependent pathways leading to macular edema that
may be the reason why some patients are less responsive
to anti-VEGF therapy alone.
The rationale for the use of steroids to treat macular
edema is related to their ability to reduce capillary permeability. Steroids inhibit the expression of the VEGF gene
and the metabolic pathways of VEGF, and, in addition,
that of inflammatory cytokines [78, 79]. Additionally,
corticosteroids may also have a neuroprotective effect
that is beneficial in eyes with RVO [80]. Several proinflammatory mediators, mostly cytokines such as TNFα,
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IL-1, MCP-1, and IL17-E, have been shown to be involved
in macular edema secondary to RVO [81–83]. Another
interesting rationale for the use of steroids in RVO was
suggested by a recent study that showed an increase in the
arteriovenous oxygen saturation difference measurement
in patients with RVO, indicating improved retinal oxygenation following Ozurdex® injection [84].
Evidence
Commercially available corticosteroid compounds for
intravitreal use include triamcinolone acetonide, dexamethasone posterior segment delivery system (Ozurdex®), and fluocinolone implant (Iluvien®). Fluocinolone has not been investigated thoroughly for RVO and
is not therefore discussed here.
Triamcinolone Acetonide
The first steroid to be used intravitreally was triamcinolone as a readily available pharmacologic agent (Kenalog 40, Bristol-Myers Squibb, Princeton, NJ, or Triesence, Alcon Inc., Fort Worth, TX, USA), although its use
for the treatment of macular edema is off-label. Other formulations such as compounded preservative-free triamcinolone acetonide are also used in the clinical setting.
Triamcinolone acetonide has been used for many
years and reported to be efficient in many pilot trials [79].
The most comprehensive trial investigating triamcinolone acetonide for the treatment of RVO was the SCORE
(Standard Care vs. Corticosteroid for Retinal Vein Occlusion) trial.
The SCORE-BRVO trial was a multicenter clinical trial which compared the efficacy and safety of 1 and 4 mg
doses of preservative-free intravitreal triamcinolone (Trivaris; Allergan) with the standard of care (grid photocoagulation in eyes without dense macular hemorrhage,
and deferral of photocoagulation until hemorrhage clears
in eyes with dense macular hemorrhage) 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 intravitreal injection
with 1 and 4 mg doses in a volume of 0.05 mL. The SCORE
trial identified no difference in VA at 12 months between
the standard care and the triamcinolone groups; however,
rates of adverse events (particularly elevated IOP and cataract) were highest in the 4 mg group [85]. It is possible
that the VA results in the treated group were somewhat
biased because of the high percentage of cataract progression in this group. The authors stated that grid photocoagulation as applied in the SCORE study has remained
the standard of care for patients with vision loss associSchmidt-Erfurth et al.

ated with macular edema secondary to BRVO who present similar characteristics to those patients in the SCOREBRVO trial. In a subgroup analysis of the SCORE-BRVO
trial, those patients with a disease duration <3 months
showed a trend towards greater benefit than the standard
of care group. However, of those patients with macular
edema for >3 months, 34% in the 4 mg group showed a
gain of 15 letters or more versus 15% in the standard of
care group. Although not statistically significant, this indicates how important it is to take the duration of edema
into account when analyzing data and when comparing
the results of different trials, which may differ in baseline
characteristics.
The SCORE-CRVO trial was a multicenter clinical trial which compared the efficacy and safety of 1 mg and
4 mg doses of preservative-free intravitreal triamcinolone
(Trivaris; Allergan) with the standard of care (observation) for eyes with vision loss associated with macular
edema secondary to non-ischemic CRVO. Drug preparation was similar to the one used in the SCORE-BRVO
trial. The SCORE trial concluded that intravitreal triamcinolone is superior to observation for treating vision loss
associated with macular edema secondary to CRVO in
patients who have characteristics similar to those in the
SCORE-CRVO trial. Seven percent of participants in the
observation, 27% in the 1 mg, and 26% in the 4 mg group
achieved the primary outcome (at least 15 letters of improvement in VA on an ETDRS chart). The odds of
achieving the primary outcome were five times greater in
the 1 mg than in the observation group (odds ratio (OR)
5.0; 95% CI, 1.8–14.1; p = 0.001) and five times greater in
the 4 mg than the observation group (OR, 5.0; 95% CI,
1.8–14.4; p = 0.001); there was no difference identified
between the 1 and 4 mg groups (OR, 1.0; 95% CI, 0.5–2.1;
p = 0.97). The rates of elevated IOP and cataract were
similar for the observation and 1 mg groups, but higher
in the 4 mg group. Based on these results, the authors
stated that triamcinolone acetonide should become the
standard of care for patients with vision loss associated
with macular edema secondary to CRVO who present
with similar characteristics as patients in the SCORECRVO trial [85]. It should be noted that there is no evidence suggesting that the visual and anatomic responses
achieved with Trivaris in the SCORE study would be
reached with off-label intravitreous triamcinolone acetonide preparations such as Kenalog.
Dexamethasone (Ozurdex®)
In 2009, the FDA approved a sustained-release intravitreal 0.7 mg dexamethasone (Ozurdex®) delivery sys-

tem for the treatment of macular edema secondary to
RVO. Proof of its therapeutic effects on macular edema
secondary to RVO was provided by the Ozurdex® GENEVA study, a 6-month randomized, controlled clinical
trial, followed by an additional open phase 6-month trial
[86, 87].
As a slow-release implant, its pharmacokinetics enable
high concentrations of dexamethasone to be sustained in
the retina and vitreous during the first 2–3 months after
Ozurdex® injection, and lower concentrations are sustained up to 6 months after injection [88]. Ozurdex® has
demonstrated efficacy and safety for the treatment of
macular edema secondary to BRVO and CRVO [86, 87].
A prefilled, single-use applicator containing 0.7 mg of
dexamethasone in a slow-release polyglycolate-acetate
implant allows insertion of the drug.
The GENEVA study design included two identical,
randomized, prospective, multicenter, masked, shamcontrolled parallel groups. In the double-masked initial
treatment phase, patients were randomly assigned (1:1:1)
to receive either a 0.35 mg or a 0.7 mg dexamethasone
implant, or to receive sham treatment (needleless applicator). In the second open-label phase (second injection),
all eligible patients received a 0.7 mg 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
(three Snellen lines) in BCVA and key secondary endpoints included BCVA over the 6-month trial period,
CRT measured by OCT, and safety [86, 87].
The Ozurdex® GENEVA study demonstrated that the
biodegradable implant containing 0.7 mg of dexamethasone (Ozurdex®) resulted in improved VA, revealing a
peak effect after 2 months (a mean gain of 10 letters) and
a progressive decline to baseline values at 6 months. VA
improvement can be effectively achieved after a second
injection at month 6 over a 1-year follow-up. Anatomically, improvements in macular edema were documented
by OCT. Data on safety showed a low cataract rate and
low rates of IOP increases. Moderately raised IOP was
registered in about 15% of cases, with a peak at month 2,
but pressure tended to decline over the follow-up period,
especially if treated with anti-glaucomatous drops, with
the majority of patients being able to discontinue the
drops by 6 months after implantation. No adverse events
were related to the injection. The study was also able to
show that early treatment of macular edema is more beneficial than delayed treatment in restoring VA. A post hoc
analysis suggested that eyes treated within 90 days of the
onset of macular edema were more likely to improve than
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eyes in which the treatment was instituted after this time
point. This indicates a more frequent reinjection of a
dexamethasone implant, dependent on the individual response of each patient over the follow-up period. Ozurdex® has received FDA and EMA approval and is licensed
in all EU countries for the treatment of adult patients with
macular edema following RVO [86, 87].
Recently, a similar study but with only a 2-month
open-label extension showed even better efficacy in a
Chinese population, with 35% of the patients improving
at least 3 lines, with an average improvement of 10 letters
[89]. A single intravitreal treatment with 0.7 mg Ozurdex® was shown to achieve improvements in VA as soon
as 30 days after treatment, which was maintained until 90
days and in many eyes for as long as 6 months; good tolerance was also observed for a 6-month period. However,
of the 797 patients who had received 0.35 or 0.7 mg Ozurdex® at the start of the study, 670 (84%) received a second
injection of Ozurdex®, according to the study criteria
(BCVA <84 letters or retinal thickness >250 µm, 6 months
after the first injection). This proportion was slightly
higher than the 82% (327/399) who met retreatment criteria from the sham injection group. Thus, at 6 months
following initial injection, Ozurdex® treatment did not
sustain a benefit over non-treatment. Furthermore, the
decline in visual improvement observed in some eyes before the 6-month assessment point led to the conclusion
that some eyes were undertreated and that evaluation for
retreatment should occur earlier than 6 months. The data
that were gleaned from these individuals revealed the visual prognosis to be better in BRVO- than in CRVO-afflicted eyes. A limitation of the GENEVA study was the
administration of only two injections of dexamethasone
at fixed 6 monthly intervals. During the intervening period, the VA deteriorated and CRT increased substantially owing to the subsidence of drug activity.
A long-term follow-up of a small series of patients who
participated in the GENEVA study demonstrated no increased risk of adverse events as well as a potential benefit
in VA improvement for patients with BRVO [90]. This
prospective randomized trial was followed by many retrospective studies which documented the efficacy and
safety of repeated treatments with Ozurdex® on a PRN
basis [91–99]. The range of mean treatment intervals in
these studies suggests that the optimum interval is definitely less than 6 months and that the peak effect can be
seen after 2 months. No severe adverse events were observed. However, increases in IOP, which were generally
transient, and cataract progression were noted. On average, improvements in VA following the first implant were
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similar to those following subsequent implants. Nevertheless, considerable individual variability was observed,
indicating that some eyes were undertreated.
One of the retrospective studies was a multicentered
trial to find the effectiveness and safety of two or more
injections of Ozurdex® in clinical practice in centers from
all over Europe [100, 101]. 128 patients with macular edema secondary to RVO retreated with Ozurdex® on a PRN
basis were included. The mean retreatment intervals, 5.9
and 8.7 months following first and second injections, respectively, were longer than those observed in other retrospective studies. Repeated treatment did not achieve a
statistically significant change in VA. This was probably
due to under-treatment related to the longer intervals between treatments. These data reflect the current practice
of retreatment with Ozurdex® in Europe with the lack of
clearly established guidelines for repeated treatment. The
wide range of time for retreatment between individuals in
different studies suggests that the main clinical goals of
long-term treatment of RVO may be ensuring patient adherence to clinical visits and establishing criteria for retreatment rather than setting a specific time to treat interval [100, 101]. The multicenter LOUVRE study prospectively investigated 375 patients with RVO treated with
Ozurdex®. The study showed a mean change in VA from
baseline of 4.6 letters after 24 months. 39% of the patients
gained ≥15 letters after 24 months [102].
Some of the retrospective studies had a large number
of patients who received a large number of injections
(more than 6) and showed that repeated PRN Ozurdex®
injections in patients with RVO are feasible and safe
[103].
Baseline characteristics have been suggested to have an
important influence on the final outcome in patients
treated with Ozurdex® for RVO. The importance of macular edema duration reported in the GENEVA trial has
already been described above. This importance was further emphasized in a large (573 patients) prospective
study where 84% of the patients received one Ozurdex®
injection only [104]. An improvement in VA of +9.5,
+7.3, and +5.4 approximate ETDRS letters was shown in
patients with macular edema duration <90 days, from 90
to 180 days, and >180 days [104]. Improvements in BCVA
through week 24 and decreases in CRT were seen in both
BRVO and CRVO, as reported [105]. Patient age > 55
years and initial CRT >400 μm were important risk factors associated with repeated dexamethasone intravitreal
implant treatment [106].
Recently, the risk of IOP was elevated in more than 100
patients with RVO (among others) treated with OzurSchmidt-Erfurth et al.
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Fig. 18. The COMRADE-B Study. Mean change in best-corrected visual acuity (BCVA) from baseline to month
6 (full analysis set [last observation carried forward]). Study group consists of all randomized patients who received at least one application of the study treatment and had at least one postbaseline assessment for BCVA;
analysis of covariance model for least squares (LS)-means. CI, confidence interval; ETDRS, Early Treatment
Diabetic Retinopathy Study; SD, standard deviation [65].

dex® [107]. Among 1,000 intravitreal injections, ocular
hypertension was recorded for 28.5% of injected eyes over
a mean follow-up period of 16.8 (3–55) months. IOPlowering medication was required for 31% of eyes. Only
3 eyes with preexisting glaucoma required filtering surgery to manage postinjection IOP elevation. Furthermore, both RVO and uveitis were important risk factors
for ocular hypertension after Ozurdex® injection [107].
Comparative Studies
The continuous release of medication by the Ozurdex® implant maintains a consistent level of drug within
the eye, precluding the need for repeated injections of
other medications. This is a substantial advantage of
Ozurdex® over anti-VEGF agents as PRN treatment with
Ozurdex® could result in only two or three injections a
year, many fewer than the anti-VEGF injections required.
No large-scale comparative studies of anti-VEGF and
corticosteroid for treatment of recurrent macular edema
secondary to RVO have been reported. Some smallerscale studies have reported comparable efficacy of both
treatment regimens. One compared the results of firstline treatment of macular edema associated with BRVO
in a small number of patients and reported statistically
significant better mean VA and lower mean CRT in 11
eyes 1 month after one injection of Ozurdex® than in 19
eyes that received three consecutive monthly injections of
bevacizumab [107]. However, no statistically significant
functional or anatomic differences were observed be-

tween the groups at 3, 4, and 6 months following treatment. Although more patients in the Ozurdex® group required retreatment at 4 months, they still had an average
of fewer injections than patients in the bevacizumab
group (1.8 vs. 3.3). No correlation was found between
functional outcomes (changes in VA) and anatomic outcomes (changes in CRT) in the two treatment groups during the 6-month follow-up period [108].
The COMRADE-B (Efficacy and Safety of Ranibizu
mab Intravitreal Injections versus Dexamethasone Intravitreal Implant in Patients with Branch Retinal Vein Occlusion) and the COMRADE-C (Efficacy and Safety of
Ranibizumab Intravitreal Injections versus Dexamethasone Intravitreal Implant in Patients with Central Retinal
Vein Occlusion) studies were two 6-month, head-tohead, phase IIIb, multicenter, randomized, doublemasked studies that confirmed the efficacy and safety of
intravitreal 0.5 mg ranibizumab PRN injections (according to the EMA labels, as described above [60]) in macular edema secondary to BRVO and CRVO and compared
it with a single injection of the 0.7 mg dexamethasone
intravitreal implant (Ozurdex®; Allergan Inc., Irvine,
CA, USA) according to the EMA labels [62–64].
Both drugs were effective in reducing macular thickness and increased BCVA initially followed by a rapid and
substantial improvement at month 1 and 2 with no differences between the drugs. However, the mean change
in BCVA from baseline was significantly higher with ranibizumab than with dexamethasone at month 3 (+16.2
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change from baseline in best-corrected visual acuity (BCVA) to month 6 in patients
receiving either intravitreal ranibizumab
(0.5 mg) injections or a single intravitreal
dexamethasone implant (0.7 mg), administered as per their European Medicines
Agency label for the treatment of macular
edema secondary to central retinal vein occlusion. Missing data were imputed using
the last observation carried forward method. * p values refer to analysis of covariance
model. The error bars are ±1 standard errors. ETDRS, Early Treatment Diabetic
Retinopathy Study; SE, standard error [66].
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vs. +9.3 letters in COMRADE-B and +16.0 vs. +7.0 letters
in COMRADE-C) and at month 6 (+17.3 vs. +9.2 letters
in COMRADE-B and +16.9 vs. –0.7 letters in COMRADE-C), with a mean of 4.71 and 4.52 injections for
patients with BRVO and CRVO, respectively, showing
the superiority of the PRN ranibizumab regimen driven
by individualized stabilization criteria over a single injection of Ozurdex® throughout a period of 6 months [63,
64] (Fig. 18, 19). Real-life data were reported by the RANIDEX Study (Ranibizumab versus Dexamethasone Implant for Central Retinal Vein Occlusion), an observational, multicenter, retrospective study comparing the
anatomic and functional outcomes of PRN intravitreal
0.5 mg ranibizumab and 0.7 mg dexamethasone implant
treatments according to their EMA labels in 42 treatment-naïve patients with CRVO [65]. Both drugs were
effective at 12 months, with a small but non-significant
difference between the ranibizumab and the dexamethasone group (+8.4 and +6.9 letters, respectively, p = 0.075),
and edema recurrence at month 5 in the dexamethasone
group, confirming previous trials data. The real-life study
showed the same trend in outcomes as the clinical trial
but with inferior results in terms of VA improvement,
probably due to a trend to undertreatment in real life and
the less restrictive criteria for selection of patients [65].
The incidence of thromboembolic events in the studies
reported above was small and balanced between groups
and did not suggest particular concerns in using rani
bizumab in patients with RVO. The safety profile was
consistent with previous phase III ranibizumab trials,
with no new safety events identified in patients with
BRVO and CRVO. No apparent increase or trends in systemic safety events were seen [14, 15, 43, 45, 49, 54, 56, 57,
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59]. When ocular adverse events occurred, the incidence
was higher with dexamethasone than with ranibizumab
treatment, and a greater number of patients dropped out
of the dexamethasone groups [63–65].
Another study compared Ozurdex® with ranibizumab
in a retrospective non-randomized case series with 30 patients in each group and found that treatment with Ozurdex® compared with ranibizumab appeared to provide a
trend towards a better VA increase after 12 months in
patients with CRVO. By contrast, a trend favoring antiVEGF treatment with ranibizumab was seen in patients
with BRVO [109]. A comparison of 32 patients with RVO
treated with ranibizumab and 32 treated by Ozurdex® did
not find any difference in BCVA or reduction in CRT.
There was a statistically significant increase in IOP in patients treated with Ozurdex® [110].
The OMAR study compared the risks and benefits of
adding either Ozurdex® or preservative-free triamcinolone acetonide to bevacizumab monotherapy in refractory macular edema due to RVO in a multicenter comparative interventional, retrospective study that included
74 patients who were initially treated with intravitreal
bevacizumab and later received triamcinolone (n = 35) or
triamcinolone acetonide (n = 39) for the treatment of recalcitrant macular edema due to RVO [111]. Although
the mean CRT improved significantly for all groups (p <
0.0001), logMAR BCVA did not change significantly after
steroid introduction (p = 0.06). This can most likely be
attributed to existing photoreceptor damage in eyes with
long-standing refractory macular edema. The frequency
of bevacizumab injections decreased significantly from
0.66 ± 0.18 to 0.26 ± 0.08 injections per month after the
initiation of steroid treatment (p < 0.0001). This effect
Schmidt-Erfurth et al.

was greater in the Ozurdex® groups (p < 0.0001). The
monthly costs decreased with triamcinolone acetonide
but increased with Ozurdex® [111].
Ozurdex® was compared with bevacizumab for the
treatment of CRVO in a prospective study with 30 eyes in
each group [112]. No significant difference in BCVA was
found between the two groups during 6 months (p >
0.05). The bevacizumab group had a significantly lower
CRT at 1 month (p = 0.006) and no difference for the rest
of the 6 months (p > 0.05). There was a significantly higher IOP for the dexamethasone implant group (compared
with bevacizumab) at 3–6 months (p < 0.05). It was concluded that both drugs demonstrated comparable efficacy
in BCVA improvement and CRT reduction [112].

retrospectively evaluated for 20 months showed a statistically significant improvement in BCVA of 16 letters. In
conclusion, the use of ranibizumab was safe in eyes previously treated with Ozurdex® [117].
Recommendation
Based on the data that exist thus far, it is evident that
corticosteroids are important in our armamentarium of
drugs for treating patients with RVO, but largely on a
second-choice level. Hence, switching to a steroid in nonresponders who have already been treated with antiVEGF (after 3–6 injections, depending on the specific response of each patient) is reasonable.
Steroids may be considered as a first-line therapy for
patients who have a recent history of a major cardiovascular event as these patients had to be excluded from all
major anti-VEGF trials and thus could not receive antiVEGF as first-line therapy.
Another group of patients in whom corticosteroids
may be considered as first-line therapy are those who are
unwilling to come for monthly injections (and/or monitoring) in the first 6 months of therapy. However, these
patients’ IOP still needs to be monitored every 2 to 8
weeks following injection as in every patient who underwent Ozurdex® implantation. The first cycles after implantation need close monitoring after every 2 weeks to
see the patients IOP response.
A complete examination including VA and OCT imaging should be performed 3 months after an Ozurdex®
injection and repeated if macular edema is still found
present on OCT or VA has decreased. Retreatment with
Ozurdex® will generally be performed after 3–4 months,
with a mean of approximately 2–3 injections per year. Patients with pseudophakic eyes are preferable for the use
of steroids, otherwise patients have to be informed about
the high risk for cataract formation leading to cataract
surgery.
From the body of data that has been collected to date,
it is evident that the effects of Ozurdex® can be sustained
for about 4 months. Retreatment therapy with a PRN regimen would necessitate reinjection intervals of substantially less than 6 months for the vast majority of eyes.

Combination Therapy Studies
There are no controlled studies investigating the effect
of combination therapy. An open-label, interventional
case series of patients with RVO who received treatment
cycles which included an anti-VEGF injection followed
by an Ozurdex® implant 2 weeks later has been reported
[113]. The combination therapy was found to lead to an
increase in the mean reinjection interval over the regular
interval in anti-VEGF monotherapy (135.5 ± 36.4 days
over 6 treatment cycles for both CRVO and BRVO, with
a mean peak change in BCVA of +13.8 letters and 47.6%
of the eyes gaining three or more lines of BCVA). In eyes
with macular edema due to RVO, treatment with an antiVEGF agent plus Ozurdex® implant provided a predictable duration of effect as well as statistically significant
anatomic and functional improvements [113].
Another study in which a group of patients treated
with Ozurdex® only was compared with a group in which
bevacizumab was added after 1 month if there was still
macular edema found that the combination was synergistic [114]. A comparison of the efficacy and safety of a
loading phase with three intravitreal bevacizumab injections followed by a dexamethasone implant and dexamethasone implant monotherapy in 64 eyes with macular
edema due to RVO found no difference between the two
treatment strategies in CRVO. However, dexamethasone
implant monotherapy was associated with better functional outcomes in BRVO [115].
A short-term (3-month) study with a small number of
patients that evaluated the safety and efficacy of combining intravitreal dexamethasone implantation (Ozurdex®)
with pars plana vitrectomy (PPV) found good functional
and anatomic results with no safety concerns [116]. While
129 patients treated with multiple Ozurdex® injections
and then required conversion to ranibizumab who were

Vitrectomy
Rationale
Vitreous surgery is considered to re-perfuse the thrombosed vein, achieve a choroidal drainage of the retinal cir-
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culation, or increase the exchange of fluid between the
retina and the vitreous. Vitrectomy has different physiological and clinical consequences in an eye with RVO:
there is evidence that vitrectomy increases the transport
of oxygen to ischemic areas and increases the clearance of
VEGF and cytokines in the vitreous cavity. Moreover, the
increase in oxygenation reduces VEGF, with a temporary
reduction of macular edema. On the other hand, the increase in oxygen stimulates cataract formation and vitrectomy increases the flow of VEGF to the anterior chamber,
increasing the risk of iris neovascularization [118].
Central Retinal Vein Occlusion
PPV techniques are used to address complications of
CRVO and, in investigational studies, to attempt to alter
the natural course of the disease. Eyes with non-clearing
vitreous hemorrhage from secondary retinal neovascularization may require surgical evacuation. At the time of
vitrectomy, clearing of the hemorrhage can be combined
with removal of epiretinal membranes and if present fibrovascular proliferations and the placement of complete
PRP [119]. Although this technique may prevent or aid
regression of anterior segment neovascularization, visual
outcomes may be limited due to the extent of underlying
retinal non-perfusion [120].
Evidence
In eyes with extensive anterior segment neovascularization and neovascular glaucoma, vitrectomy and endo
laser PRP may be combined with pars plana placement of
a glaucoma drainage device to avoid anterior chamber
hemorrhage at the time of tube placement. Some authors
suggest peeling the internal limiting membrane (ILM)
also to improve oxygenation of the fovea and the anatomic and functional outcomes of vitrectomy [121]. Other authors showed improvement in retinal edema with a
decrease in foveal thickness but no statistically significant
change in vision [122].
The presence of vitreoretinal macular traction can generate macular distortion with fluid (with a similar appearance to macular edema per se), and a release of this anterior-posterior vector force is recommended to recover the
prior anatomic situation. However, surgery is controversial when tangential traction is present, especially with regard to the presence of vascular permeability alteration.
Recommendation
The use of vitrectomy with or without membrane peeling in the management of macular edema secondary to
CRVO requires further randomized trials to establish its
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efficacy compared with the actual gold standard management, which is the intravitreal injection of anti-VEGF
drugs. This is particularly important because vitrectomy
increases the intravitreal clearance of these agents, which
may reduce the duration of the effect and result in decreased efficacy of further intravitreal pharmacotherapy
[123].
Radial Optic Neurotomy
Rationale
Combining PPV with transvitreal incision of the nasal
scleral ring has been proposed to release pressure on the
central retinal vein at the level of the scleral outlet [124].
The procedure addresses the “compartment syndrome”
that may exist in these eyes, where the central retinal artery, central retinal vein and optic nerve traverse through
a 1.5-mm diameter area. Vascular factors as well as rigidity of the scleral ring may also decrease the venous lumen
and incite a thrombotic event. Previous attempts at external decompression of the orbital portion of the optic
nerve by optic nerve sheath fenestration and sectioning
of the posterior scleral ring have not been validated as effective treatments in CRVO [125, 126].
Radial optic neurotomy (RON) is performed as PPV
followed by use of a 25-gauge microvitreoretinal blade to
incise the lamina cribrosa and adjacent retina. Care is taken to avoid major retinal vessels, and a radial incision orientation is used to avoid transecting nerve fibers. Intraoperative hemorrhage is typically controlled by transient
elevation of IOP.
Evidence
PPV was combined with RON involving transvitreal
incision of the nasal scleral ring to release pressure on the
central retinal vein at the level of the scleral outlet [124].
A prospective interventional trial reported (evidence
level II) successful RON surgery in 14 eyes [127]. Overall,
57% gained one line of distance VA, and visual recovery
was statistically significantly related to a reduction in
macular edema. Six eyes (43%) developed a postoperative
chorioretinal anastomosis (CRA) at the RON site with a
trend towards better final VA than those without anastomosis formation (20/60 vs. 20/110). The CRA seen at
RON sites may allow for more active drainage of macular
edema and hemorrhage compared with laser-induced
CRA.
When evaluating the effectiveness of RON for CRVO
in patients <50 years of age versus those >50 in a group of
43 patients (evidence level II) [128], better functional results were observed in the younger patients (50 vs. 30%
Schmidt-Erfurth et al.

gained 15 letters), although functional improvement remained limited in those with low baseline VA. RON
seems to be a potential treatment for selected patients
with hemicentral RVO, probably because of the more
rapid appearance of chorioretinal collateral vessels that
promote faster resolution of macular edema. Gains of 2
or more Snellen lines of vision were reported in 69.2% of
13 patients, and in 4 patients (30.8%) VA improved by 4
or more Snellen lines (evidence level II) [129].
A publication in 2006 reported on 117 patients with
CRVO and severe VA loss (≤20/200) treated with PPV
and RON (evidence level II) [130]. Anatomic improvement of CRVO was found in 95% of the patients. Disc
edema improved by 1 week, although most improvements were observed at 2 and 3 months. VA improved in
71% of the patients, with an average of 2.5 lines of vision
gained. Subgroup analyses suggested that older age, female sex, duration of CRVO, presence of afferent pupillary defect, absence of perfusion by angiography, and development of anterior segment neovascularization were
associated with poorer visual outcomes. No study has
replicated the reported 71% improvement, and some
studies have reported that visual improvement following
RON is comparable to natural history [131].
The only prospective, placebo-controlled, randomized, multicenter study was the ROVO (Radial Optic
Neurotomy for Central Vein Occlusion) Study (evidence
level I). Ninety patients with CRVO were treated in three
groups with RON, a single intravitreal injection of 4 mg
triamcinolone acetonide or a placebo treatment. The
main outcome measures were a change in VA and the
proportion of eyes with a noteworthy improvement (defined as >3 lines log MAR scale) of VA from baseline to
month 12. Seven patients were excluded due to insufficient data. 47% percent (n = 18) of the patients treated
with RON showed an increase in VA compared with 10%
(n = 2) of placebo-treated patients and 20% (n = 5) of patients treated with triamcinolone acetonide. Significantly
more patients showed an improvement in VA following
RON than in the placebo group (p = 0.009) and in the triamcinolone acetonide group (p = 0.034). Significantly
more patients showed a deterioration (defined as >3 lines
logMAR scale) in VA in the placebo (35%, n = 7) than in
the RON group (8%, n = 3) (p = 0.007). The study showed
that following treatment with RON, patients with CRVO
display a significantly better long-term VA than untreated patients and patients treated with a single dose of triamcinolone acetonide [132].
By contrast, other studies have not demonstrated improvement in VA [133] or in central retinal hemodynam-

ics [134, 135], questioning the role for RON in CRVO
treatment. Importantly, RON has been associated with
important risks, including postoperative visual field defects, in relation with neurotomy, damage of central retinal vessels, choroidal neovascularization, subretinal hemorrhage, and retinal detachment [131, 136].
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Recommendation
Evidence for the efficacy of RON in the management
of CRVO is limited and currently does not clearly demonstrate a benefit. The use of RON for CRVO has largely
been abandoned due to the availability of effective intravitreal pharmacologic agents.
Branch Retinal Vein Occlusion
Vitrectomy
Rationale
There is evidence that vitreomacular attachment itself
may contribute to the development of macular edema in
BRVO [137]. The few published studies that report outcomes of PPV for complications of BRVO consist only of
case reports and small case series, the limitations of which
include small sample sizes and a lack of comparison
groups [138].
Evidence
Despite the absence of large clinical trials, recently
PPV has been demonstrated to improve perifoveal microcirculation and the visual prognosis in patients with
BRVO and macular edema [139].
Some authors have proposed a peeling of the ILM to
improve oxygenation of the fovea and anatomic and
functional outcomes of vitrectomy. A short series of cases
found good outcomes with this technique [140]. On the
other hand, no difference was found in a non-randomized, comparative study between PPV with and without
ILM peeling for BRVO, and the conclusion was that there
is no additional benefit in removing the ILM for BRVOassociated macular edema [141].
Recommendation
Lack of data and the availability of intravitreal pharmacotherapy do not allow any recommendation for PPV
in eyes with macular edema due to BRVO.
Sheathotomy
Rationale
The first report of sheathotomy for BRVO [142] was
published a few years after histologic changes in BRVO
were described in 1988 [143]. Only 1 case with a statisti153

Fig. 20. Bimanual dissection of the common adventitial sheath at
the arteriovenous crossing, to relieve the compression of the vein
and re-establish the blood flow. Image is presented courtesy of Jose
Garcia-Arumi.

cally significant visual improvement after surgery was
presented. Despite the technique’s success, this treatment
was abandoned for nearly 10 years. In 1998, venous narrowing at the crossing site was again described as the
main cause for BRVO, and removal of the compressive
factor by sectioning the adventitial sheath (sheathotomy)
suggested an effective treatment for BRVO [144]. A case
series of 15 patients with BRVO treated with sheathotomy was reported 1 year later [145].
This surgical technique consists of a PPV with posterior hyaloid dissection. The arteriovenous crossing must
be dissected with special forceps and scissors. At this
point, the experience of the surgeon plays an important
role because small tractions may break the vein (Fig. 20).
A revision of the peripheral retina should be performed
to avoid iatrogenic breaks and no tamponade other than
serum is needed.
Potential benefits of sheathotomy include the mechanic decompression of the venule and thrombus release that can sometimes be achieved during the surgery.
Successful decompressive surgery is usually followed by
a disappearance of collateral vessels at the BRVO blockage site, which is a clinical marker for intravascular reperfusion, and resolution of hemorrhages and macular
edema (Fig. 21, 22).
Evidence
Forty-three patients with macular edema secondary to
BRVO were treated with arteriovenous decompression,
while 25 patients with similar BRVO who refused this
154
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surgical intervention served as a control group. The functional results in patients with arteriovenous decompression were highly statistically significantly better than in
the control group (evidence level II) [146]. Arteriovenous
sheathotomy using a bimanual technique, followed by
fluid-air exchange and injection of 25 mg of recombinant
tissue plasminogen activator over the area of the occluded
vein was reported in 40 patients. Thrombus release was
observed in 11 patients (27.5%) and was correlated with
early surgery (p < 0.001) and better final visual recovery
(p < 0.06). OCT showed CRT decrease by more than 40%
in 31 patients (77.5%) compared with the preoperative
status and correlated to postoperative VA (p < 0.001). The
mean VA increased from 20/100 to 20/40, with 70% of the
patients gaining three or more lines of VA (Pearson 0.378,
p = 0.016) (evidence level II) [147].
A randomized, prospective trial compared vitrectomy
plus arteriovenous sheathotomy with intravitreal triamcinolone acetonide with 20 patients in each group. At 6
months, the functional and anatomic outcomes were similar, although triamcinolone acetonide achieved those results more quickly. At 1 month, the triamcinolone acetonide group had a higher mean IOP than the arteriovenous sheathotomy group (p = 0.029). Cataract progression
was noted in both groups (evidence level I) [148].
A prospective, randomized, interventional case series,
in which 36 eyes were enrolled, compared vitrectomy
with vitrectomy plus arteriovenous sheathotomy. VA and
macular edema improved in both groups over the
12-month duration of the study, but there was no difference in the final outcomes between the two groups. However, there was no control group to compare the natural
disease course. There was a trend towards greater visual
improvement with arteriovenous sheathotomy in eyes
with a BRVO duration of less than 4 weeks at study entry
(p = 0.064) (evidence level II) [149].
Recommendation
Alternative therapies such as vitrectomy, ILM peeling,
and arteriovenous sheathotomy may play a role in selected cases of BRVO, but the overall evidence for these approaches is limited. Due to the risk of intraoperative complications and the availability of less invasive alternatives,
vitrectomy with or without sheathotomy has restricted
clinical use as a first-line treatment. Current evidence on
comparative therapy across and within drug classes is
limited. Robust evidence on combination therapy is also
lacking.
New imaging technology, including OCT angiography
and ultra-widefield angiography, may in the future play a
Schmidt-Erfurth et al.
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Fig. 21. a Wide-field retinography showing hemorrhages and edema in the field of the thrombosed vein (superotemporal) of the left
eye of a 56-year-old man, with 1 week of evolution. Image is presented courtesy of Jose Garcia-Arumi. b Wide-field fluorescein
angiography showing leakage of the capillary network in the area
of the obstructed superotemporal vein, the arteriovenous crossing,

and the peripheral ischemia. Image is presented courtesy of Jose
Garcia-Arumi. c Macular OCT of the same patient with subfoveal
fluid and macular edema with cystic spaces. Best-corrected visual
acuity was at this time 20/60. Image is presented courtesy of Jose
Garcia-Arumi.

role in the approach to therapeutics and prognosis. Additional research on these treatment modalities is needed
to better explain their role in disease management.

Rationale
Established cardiovascular risk factors are the most
common risk factors for both CRVO and BRVO. Hypertension is the predominant risk factor for this condition
in older patients (≥50 years). Uncontrolled hypertension

may be newly diagnosed on presentation with either
RVO. Similarly, inadequately controlled hypertension is
associated with recurrence of RVO in the same eye or fellow eye involvement. Hyperlipidemia is a common risk
factor in younger patients (<50 years), especially in BRVO
and may also be present in up to 50% of older patients.
Secondary causes of hypercholesterolemia including hypothyroidism should also be considered.
Diabetes is associated with RVO, but this may be because both diabetes and RVO are associated with cardiovascular risk factors. Similarly, for the same reason, there
is conflicting evidence of a higher incidence of cardiovas-
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Fig. 22. a Wide-field retinography after 3 months of vitrectomy

Garcia-Arumi. c Macular OCT 3 months after surgery with resorption of macular edema and subfoveal fluid. Best-corrected visual
acuity improved to 20/25. Image is presented courtesy of Jose Garcia-Arumi.

cular and cerebrovascular morbidity and mortality in patients with RVO compared with control groups.
Primary open-angle glaucoma is also a risk factor for
CRVO.
Blood coagulation and hyperviscosity disorders including myeloproliferative disorders, Waldenström’s
macroglobulinemia, factor V Leiden thrombophilia, disturbances of the protein S and C pathways, anti-thrombin
3 deficiency, and the use of oral contraceptives are known
causes of RVO in younger patients. Systemic inflammatory disorders that cause retinal vasculitis including Behçet’s disease, polyarteritis nodosa, sarcoidosis, granulomatosis with polyangiitis (Wegener’s), and Goodpasture’s syndrome may also be responsible for RVO.
Anatomic risk factors such as short axial length may con-

tribute to the development of BRVO. Rarely, retrobulbar
compressive pathology such as thyroid eye disease, orbital tumor, or retrobulbar hemorrhage may be a cause.

and sheathotomy with an important decrease in retinal hemorrhages and edema. Image is presented courtesy of Jose Garcia-Arumi. b Wide-field angiography shows disappearance of peripheral
ischemia and macular edema. Image is presented courtesy of Jose
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Evidence
The Eye Disease Case-Control Study compared 258
patients with CRVO with an age-matched control group
and showed that systemic hypertension, diabetes, and
glaucoma are associated with CRVO. These associations
were higher with ischemic CRVO [150].
The Danish National Patient Registry Study showed
that hypertension was twice as common in CRVO compared with a control group [151]. A similar finding was
observed in the GENEVA Study, where hypertension was
found in 68% of affected eyes compared with 55% in a
Schmidt-Erfurth et al.

control group, OR of 2.03 (1.48–2.78) [87]. However,
prevalence of hypertension is as high as 66.7% in people
aged ≥60 years, and the prevalence of diabetes in patients
with RVO is no higher than in the same age group in the
general population. However, both blood pressure and
blood sugar should be tested in people with RVO to detect
undiagnosed hypertension and diabetes.
The evidence of increased prevalence of stroke in patients with RVO is conflicting. A hospital-based study
[152] and a population-based study [153] suggest no evidence, while another study reported a similar incidence
of stroke both before and after the diagnosis of CRVO
[151]. Contrary to these results, a pooled cohort of two
population-based studies found that men with RVO at all
ages have a 2.3 times higher non-significant risk of cerebrovascular mortality [154]. Pooled data from both the
Atherosclerosis Risk in Communities Study and the Cardiovascular Health Study also showed that carotid artery
plaques are more common in patients with RVO [155].
Similarly, the evidence on the risk of higher overall increased mortality in patients with CRVO or BRVO is also
equivocal [156, 157]. Despite the conflicting evidence,
systemic evaluation and treatment of cardiovascular risk
factors by the patient’s physician are advocated in young
men with RVO and in older patients with no previous history of these risk factors. Among others, known risk factors are hyperviscosity, inflammation, and coagulation
dysfunction.
Recommendations
It is recommended that the minimum investigation of
a patient newly diagnosed with RVO in an eye clinic
should include a detailed medical history, measurement
of blood pressure and sugar, and basic laboratory tests of
the full blood count, erythrocyte sedimentation rate, and
c-reactive protein measurement. To avoid nightly nondipping or over-dipping, 24-h blood pressure measurements as regular follow-up via the general practitioners
are recommended. The results will allow urgent treat-

ment of any newly diagnosed or uncontrolled cardiovascular risk factors and help to rule out any rarer conditions
such as blood dyscrasias, myeloma, or an inflammatory
cause. Further tests as needed are best performed by the
general physician based on the history and results of initial investigations. Bilateral presentation or any sign of a
vascular disturbance in the other eye suggests an underlying systemic condition. Younger patients with RVO in
whom no common risk factors have been identified may
require a comprehensive systemic evaluation. They may
additionally be screened for thrombophilia including antiphospholipid antibody syndrome, although this association is weak. Women already receiving estrogen-containing hormone replacement therapy may continue with
it after an informed decision is made, but such therapy
should not be commenced in women with RVO.
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