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Abstract: Retinal vein occlusions are a very common condition with 
great importance in ophthalmology clinical practice. This article reviews 
the salient epidemiology, risk factors, clinical features, and treatments 
related to retinal vein occlusions.  

Key Words: retinal vein occlusion, macular edema, neovascularization

(Asia-Pac J Ophthalmol 2018;7:40–45)

Retinal vein occlusions (RVO) are a heterogeneous group of 
disorders that have in common impaired venous return from 

the retinal circulation. Classification of RVO can be broken down 
into branch retinal vein occlusion (BRVO), hemiretinal vein oc‑
clusion (HRVO), and central retinal vein occlusion (CRVO) de‑
pending on the site of the obstruction. If the occlusion occurs 
within or posterior to the optic nerve head, it is labeled CRVO, 
occlusion at the major bifurcation is determined to be a HRVO, 
and any obstruction within a tributary is a BRVO. Often, HRVO 
is considered as a separate condition that behaves intermediately 
between BRVO and CRVO.1,2 Although all retinal vein occlusions 
share commonalities in many clinical features, they are distinct 
clinical entities in their risk factors, prognosis, and even occa‑
sionally, treatment. Even within each disease process, a spectrum 
of severity exists such that some patients can be completely as‑
ymptomatic and others can lose light perception. Treatment from 
appropriate expertise reduces the likelihood of blinding disease 
but does not eliminate it as a possibility.

EpidEmiology and Risk FactoRs
Retinal vein occlusions together represent the second lead‑

ing cause of retinal vascular blindness after diabetic retinopathy. 
Branch RVO is more common than CRVO; worldwide prevalence 
of BRVO is estimated at 0.4% and CRVO around 0.08% with 
equal distribution between men and women and increased risk 
with older age.3 Pooled analysis from studies only with dilated 
fundus photography of 2 fields determined Asian and Hispanic 

groups had increased risk of BRVO compared with white popu‑
lations, with no detectable difference by ethnicity in individuals 
with CRVO. In the Beaver Dam Eye Study, the cumulative inci‑
dence of BRVO at 15 years was 1.8%, whereas cumulative inci‑
dence of CRVO was 0.5% at 15 years.4 The greatest predicator of 
developing RVO is a RVO in the contralateral eye. Individuals 
with BRVO in 1 eye have a 10% risk of any RVO in the contra‑
lateral eye within 3 years.5 The estimated risk of contralateral in‑
volvement in people with CRVO is ~1% per year, which increases 
to 7% at 5 years.5,6 

Typical atherosclerosis risk factors are commonly associated 
with all types of RVO,7 but vein occlusions can also be second‑
ary to other processes such as inflammation, vasospasm, or com‑
pression.8 Major risk factors for BRVO include systemic arterial 
hypertension, arteriosclerosis, and diabetes,9 although many as‑
sociations have been reported including thrombophilia.10 Local 
anatomic variations may play a role in formation of all types of 
vein occlusion, but BRVO are most often due to venous com‑
pression by a thickened arteriole at an arteriovenous crossing site 
(Fig. 1).11 In contrast, CRVO is more obscure due to its location 
within the optic nerve head. Central RVO is more likely associat‑
ed with glaucoma,12 sleep apnea,13,14 and may have uncommon as‑
sociations with thrombophilia, particularly in young patients.10,15 
Of particular importance, homocystinuria not only conveys in‑
creased risk of CRVO but is also treatable and has implications 
for cardiovascular health.10,15

clinical FEatuREs
Patients with RVO are at risk of vision loss from several 

complications of the interrupted blood flow including macular 
edema, macular ischemia, optic neuropathy, vitreous hemorrhage, 
or even tractional retinal detachment. However, symptoms from 
RVO can be subtle, if present, especially if the severity is mild 
or the distribution of area affected does not involve the macula. 
Visual field abnormalities are variably present but uncommonly 
symptomatic.16 The increased intravenous pressure results in vas‑
cular tortuosity, retinal hemorrhages, cotton wool spots, and optic 
nerve edema (Fig. 2). Congestion of normal capillary exchange 
can result in macular edema, thereby causing metamorphopsia 
and threatening loss of visual acuity. Severe congestion can un‑
commonly result in vitreous hemorrhage. It is important to distin‑
guish vitreous hemorrhage from breakthrough of congestion from 
ocular neovascularization with its potential for dire consequences. 
Eyes with more capillary nonperfusion have a greater risk of ocu‑
lar neovascularization,17 which carries a more unfavorable visual 
prognosis. Abnormal new blood vessel growth can invade into 
the iris [neovascularization of the iris (NVI)], angle (NVA), optic 
nerve (NVD), and retina [neovascularization elsewhere (NVE)]. 
If the angle is involved, contraction of the neovascularization can 
compromise aqueous humor outflow, resulting in neovascular 
glaucoma. Venous sheathing is a feature associated with impaired 
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FiguRE 1. A, Fundus photograph of the right eye. Branch vein occlusion 
along the superotemporal arcade with occlusion site marked by yellow  
arrow. NVD, temporal venous-venous shunting, and capillary 
nonperfusion are readily visible. B, Fundus photograph of the right eye. 
With PRP, the NVD regressed.

blood flow. With time, collateralization (retina‑retina and retina‑
choroid anastomoses) can bypass the obstruction and improve 
clinical signs such that the hemorrhages, cotton wool spots, and 
nerve edema can diminish.

diagnostic tests
Retinal vein occlusions are a clinical diagnosis, requiring 

thorough examinations to evaluate for indications for potential 
treatment. Routine examination includes assessment of intraocu‑
lar pressure, slit lamp exam with undilated gonioscopy, and di‑
lated funduscopy to detect glaucoma, ocular neovascularization, 
and/or macular edema. Central venous pressure can be predictive 
for worsening severity of disease.18 Optical coherence tomog‑
raphy (OCT) is helpful in confirming the presence of macular 
edema and provides a quantitative assessment of the thickening. 
Images obtained with OCT provide additional information such 
as presence of vitreoretinal interface abnormalities, neurosensory 
detachments, and/or loss of outer retinal integrity that may further 
limit vision and guide therapy (Figs. 3A, B).

Fluorescein angiography (FA) permits visualization of the 
peripheral capillary nonperfusion, macular ischemia, and detec‑
tion of subtle neovascularization that may not be clinically ap‑
parent (Fig. 4). Five or more disc areas of capillary nonperfusion 
were used in the Branch Vein Occlusion Study (BVOS), and 10 or 
more disc areas in the Central Vein Occlusion Studies (CVOS), to 
categorize RVO into perfused, nonperfused, or indeterminate.17,19 

This framework was useful for study purposes but is largely out‑
dated with the advent of ultrawidefield testing (Fig. 5)20,21 and 
other predictive testing to assess perfusion status such as affer‑
ent pupillary defect (APD), electroretinography, and visual field 
testing.22 Fluorescein angiography may help distinguish collater‑
alization from neovascularization if there is uncertainty on ex‑
amination—the former does not leak angiographically, whereas 
the latter does.

tREatmEnt
Mainstays in management of retinal vein occlusion are di‑

rected at consequences of the problem, rather than re‑establishing 
normal venous circulation. Theoretically, if venous return could 
safely be diverted around the obstruction, signs of the vein occlu‑
sion should improve. However, therapies directed at resolution 
of the vein occlusion have not historically proven beneficial. At‑
tempts have been made to create anastomoses through surgery23 

and laser,24 relieve the obstruction pharmacologically through 
thrombolytic administration,25 and bypass the congestion via op‑
tic nerve sheathotomy.26 Most of the limitations in these strategies 
result from complications of the intervention performed. 

macular Edema
The most common visually threatening complication of 

retinal vein occlusion is cystoid macular edema (CME). Several 
landmark trials provide guidance in improving visual outcomes 
compared with the natural history for people with both BRVO 
and CRVO. In general, baseline visual acuity is predictive of out‑
comes when no therapy is delivered. The presence of an APD 
and extent of capillary nonperfusion further influence likelihood 
of vision loss in the BVOS and CVOS,19,27 but patients with an 

FiguRE 2. Fundus photograph of the right eye. Typical “blood and 
thunder” appearance of substantial intraretinal hemorrhaging, flame 
hemorrhages, and optic nerve edema associated with CRVO.

a

B
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APD are often excluded from landmark anti‒vascular endothelial 
growth factor (VEGF) trials, making this prediction less certain in 
the intravitreal therapy era.

Laser for Macular Edema
In the early 1980s, the National Eye Institute led the afore‑

mentioned BVOS to explore the use of laser treatment for CME 
from BRVO. Patients with perfused BRVO and visual acuity of 
20/40 or worse and angiographic CME were randomized to grid 
laser or observation. More patients improved 2 lines or more of 
visual acuity from baseline with laser treatment compared with 
those without treatment (65% vs 37%). Furthermore, patients 
with laser had a nearly 2‑fold higher likelihood of final visual 
acuity greater than 20/40. The duration of BRVO influenced out‑
comes such that individuals with onset greater than 12 months 
were less likely to regain 2 lines or greater than people with onset 
less than 12 months (53% vs 78%). Based on these results, macu‑
lar grid laser photocoagulation became standard of care for CME 
associated with BRVO and remains a reasonable option for some 
patients today.19

The CVOS was designed to answer several questions regard‑
ing the use of laser for CRVO. With respect to its use for macular 
edema, the CVOS demonstrated a lack of benefit across the trial 
population. However, post‑hoc analysis revealed a reduced likeli‑
hood of vision worsening in the younger subgroup. In general, 
laser is not used to treat CRVO‑associated macular edema due to 
more effective options.

More recently, several investigators rationally explored the 
use of peripheral “targeted” laser photocoagulation to angio‑
graphically nonperfused retina to attempt to decrease the bur‑
den of treatment associated with intravitreal anti‑VEGF therapy. 
Theoretically, if the peripheral ischemic retina is driving the up‑
regulated VEGF levels in the eye, turning off that source could 
potentially be accomplished with laser ablation of the affected 
retina. However, at this time, no study has demonstrated a benefit 
in using peripheral laser for macular edema.28‒30

Steroids for Macular Edema
Inflammation plays an important role in the pathogenesis of 

RVO, promoting vascular permeability contributing to macular 
edema. Twenty years after the BVOS/CVOS, the next landmark 
therapeutic breakthrough for RVO‑associated CME was the Stan‑
dard Care vs Corticosteroid for Retinal Vein Occlusion (SCORE) 

FiguRE 3. A, OCT of the left eye. Notable intraretinal and subretinal 
fluid with acute CRVO. B, With a single intravitreal anti-VEGF injection, 
the fluid resolved, but inner retinal atrophy was persistent. FiguRE 4. Fluorescein angiogram of the right eye. Hypofluorescence is 

a combination of blocking from intraretinal hemorrhages and capillary 
nonperfusion around the optic nerve. Vascular telangiectasia and disc 
leakage are hyperfluorescent.

a

B

study.31 The SCORE group examined off‑label preservative‑free 
intravitreal triamcinolone acetonide (IVTA) in 2 doses (1 mg and 
4 mg) in a 1:1:1 randomization compared with standard of care. 
Standard of care for BRVO was grid laser, whereas standard of 
care for CRVO was observation. In the SCORE studies, OCT was 
used to guide therapy at the 4‑month retreatment intervals and 
permitted an assessment of anatomic response.31 

In the SCORE BRVO, all 3 arms had similar rates of 3 lines 
of visual improvement, with 29% improving with laser, 26% with 
1 mg IVTA, and 27% with 4 mg IVTA, which were not statisti‑
cally different outcomes. Significantly increased rates of adverse 
events were seen with 4 mg IVTA such that 35% had cataract pro‑
gression and 41% required intraocular pressure lowering therapy. 
In all groups OCT thickness improved over 1 year with similar 
median reductions in center‑point thickness. Based on these re‑
sults, the SCORE investigators recommended considering grid 
laser as first‑line treatment for patients with BRVO associated 
with macular edema.31

In the SCORE CRVO, both active arms experienced a higher 
proportion of subjects with 3‑line improvement compared with 
observation (26‒27% vs 7%). However, subjects in the 1 mg co‑
hort had a lower rate of cataract, cataract surgery, and intraocular 
pressure increases than individuals in the 4 mg arm.31 Preserva‑
tive‑free IVTA is used infrequently in clinical practice due to the 
side effect profile and robust efficacy of anti‑VEGF therapy.

The Global Evaluation of implantable dExamethasone in 
retinal VEIN occlusion (GENEVA) trial explored 2 doses of in‑
travitreal dexamethasone implantation compared with sham for 
individuals with both BRVO and CRVO.32 Pooled data from both 
conditions included 34% with CRVO and 66% with BRVO. All 
subjects had visual acuity of 20/50 or worse and OCT central 
thickness greater than 299 µm. Both arms explored a 6‑month 
outcome after single intravitreal injection of both doses (0.7 mg 
vs 0.35 mg) of the implant randomized 1:1:1 to sham. In the 
BRVO cohort, the percentage of eyes that achieved a 3‑line gain 
of visual acuity was higher at 30 days than 90 days, suggesting 
a waning of treatment effect. At 6 months (primary endpoint), no 
differences in visual or anatomic outcomes were detectable in all 
3 groups. Ocular hypertension was more common in the active 
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treatment groups, with 4% of eyes developing elevated intraocu‑
lar pressure compared with 0.7% in the sham group. Open label 
extension of the GENEVA study permitted further analysis con‑
firming increased risk of both cataract and elevated pressure with 
repeated exposure to additional dexamethasone implants.33 The 
dexamethasone implant was approved by the US Food and Drug 
Administration (FDA) for RVO‑associated CME in 2009. Due to 
the side effect profile, it is less commonly used than anti‑VEGF 
therapy, and optimal dosing strategies (timing and use in combi‑
nation with anti‑VEGF) are still being elucidated.

Anti-VEGF for Macular Edema
Vascular endothelial growth factor is an inflammatory cyto‑

kine that promotes vascular permeability and is highly upregu‑
lated in eyes with vein occlusions.34,35 Three different anti‑VEGF 
agents are routinely given via intravitreal injection in clinical 
practice; both ranibizumab and aflibercept are FDA‑approved. 
Although bevacizumab is off‑label for CRVO‑associated macu‑
lar edema, it is much less expensive than the alternatives and is 
chosen by a majority of retina specialists in the United States 
as favored initial therapy.36 Ranibizumab and bevacizumab are 
both humanized monoclonal antibodies with activity against the 
VEGF‑A molecule. Ranibizumab was formulated for intraocular 
use and is missing the Fc portion of the antibody domain. 

The BRAVO study (Ranibizumab for the Treatment of Mac‑
ular Edema following Branch Retinal Vein Occlusion: Evalua‑
tion of Efficacy and Safety) explored the use of ranibizumab for 
BRVO‑associated CME in 2 monthly intravitreal doses (0.3 mg 
and 0.5 mg) over 6 months. At the primary endpoint, the average 
number of letters gained was 16 in the 0.3 mg group, 18 in the 
0.5 mg group, and 7 in the sham group. Percentage of 3 or more 
visual acuity lines gained was higher in the treated groups as well, 
with 55% in the 0.3 mg group and 61% in the 0.5 mg group com‑
pared with 29% in the sham group.37 Open label extension of the 
BRAVO study in the HORIZON trial confirmed that the benefit 
of treatment is generally maintained.38

The CRUISE trial compared the effectiveness of 6 con‑
secutive months of intravitreal ranibizumab with observation for 
adults with CRVO and macular edema. It demonstrated robust 
anatomic and visual improvement in the ranibizumab group.39 
Importantly, the individuals who were initially randomized to the 

FiguRE 5. Ultrawidefield fluorescein angiogram of the right eye. 
Peripheral nonperfusion, vascular remodeling, and aneurysms can be 
seen despite treatment with serial anti-VEGF injections.

observation arm were permitted to cross over to active treatment 
after 6 months. Unfortunately, the visual outcomes in that group 
never rivaled the cohort randomized to serial anti‑VEGF.37 The 
HORIZON trial is the open label extension of this study, which 
demonstrated persistent differences between these groups despite 
modest improvement in the control arm.38 This indicates that al‑
though not an emergency, early treatment of macular edema is 
important in determining visual outcomes, at least for initiation 
of treatment within 6 months of onset. It is likely that the inflec‑
tion point for treatment is much earlier and treatment should be 
provided as soon as reasonable for the patient. 

Aflibercept is a competitive receptor decoy of the VEGF mol‑
ecule. The VIBRANT trial compared the effectiveness of intravit‑
real aflibercept with grid laser with injections every 4 weeks. The 
study demonstrated 53% of individuals with monthly aflibercept 
injections had improved visual acuity by 3 or more lines com‑
pared with 27% in the laser group.40 After 6 months, crossover 
was permitted from the laser group, and the injection group was 
switched to intravitreal therapy every 8 weeks instead of 4. Visual 
acuity was maintained with the reduced frequency. Although the 
laser group improved with serial injections, visual outcomes did 
not rival the improvement seen in the injection group, supporting 
avoidance of delays in initiation of treatment. In the GALILEO/
COPERNICUS trial, aflibercept was compared with sham injec‑
tion monthly over 1 and 2 years. Benefit was shown with monthly 
treatment, such that 56% of treated eyes and 12% of sham eyes 
improved by 3 or more lines of visual acuity.41,42

Cross‑trial comparisons should be avoided in interpreting 
data regarding clinical efficacy of different drugs. Inclusion and 
exclusion criteria in the CRUISE and GALILEO trials drive un‑
certainty in directly comparing visual acuity and anatomic out‑
comes. Specifically, the GALILEO trial included patients with 
an afferent pupillary defect, whereas these were excluded in the 
CRUISE study. This highlights the importance of performing 
studies such as the Standard Care of Retinal Vein Occlusion 2 
trial (SCORE2).

Similar efficacy is demonstrated using bevacizumab serial 
intravitreal injections for BRVO‑ and CRVO‑associated CME, 
but these reports are often fairly small.43‒45 The most robust pro‑
spective data on bevacizumab for RVO‑associated CME is being 
generated in SCORE2.1 In SCORE2, monthly aflibercept is being 
compared with monthly bevacizumab for the first 6 months. At 
the primary endpoint, visual acuity and anatomic endpoints were 
similar in both groups, demonstrating statistical noninferiority 
of bevacizumab to aflibercept with this strategy.1 This study is 
ongoing with plans to examine outcomes for nonresponders and 
alternate dosing paradigms.

The aforementioned clinical trials provide guidance over a 
limited duration. In clinical practice, CRVO associated with mac‑
ular edema is a chronic condition with a large burden of care. The 
decision to provide treatment when the retina is swollen is fairly 
straightforward. However, nuance is evident with combination 
treatments, use of supplemental laser, or in de‑escalation of treat‑
ment. For these circumstances, robust guidance is not available 
from multicenter trials and clinical judgement is required.

ocular neovascularization
Other than macular edema, the other major visually threat‑

ening consequence of CRVO is the development and conse‑
quences of ocular neovascularization. Hypoxia and poor capillary  
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nonperfusion upregulate inflammatory cytokines including 
VEGF, which promotes increased vascular permeability and an‑
giogenesis. The CVOS also examined risk of ocular neovascular‑
ization with and without pre‑emptive panretinal photocoagulation 
(PRP), as determined by initial perfusion status (Fig. 1B). Ocular 
neovascularization is much more likely in eyes with nonperfusion 
such that it developed in 35% of ischemic or indeterminate eyes 
compared with 10% of eyes that were nonischemic.17 Prophylac‑
tic PRP was found to reduce the likelihood of ocular neovascu‑
larization, but prompt resolution of ocular neovascularization oc‑
curred more frequently when laser treatment was deferred. Due 
to this, the CVOS group recommended deferring PRP until ocular 
neovascularization develops.

Neovascular glaucoma carries a grim visual prognosis with‑
out treatment, and delivery of PRP can be difficult if the patient 
is in pain, the cornea is cloudy, and/or the intraocular pressure 
is elevated. The use of anti‑VEGF medications acutely for neo‑
vascular glaucoma patients can temporarily aid in the resolution 
of the neovascularization until PRP laser can be applied when 
waiting for the cornea to clear or for pressure to decrease to a 
reasonably safe level.46

summaRy
Retinal vein occlusions are a chronic condition that threaten 

eyesight in a spectrum of severity. They are common and highly 
associated with cardiovascular comorbidities. No treatment has 
demonstrated reliable methods for directly improving the perfu‑
sion. Instead, current strategies focus on minimizing fallout from 
the consequences of RVO to minimize vision loss from macular 
edema and neovascularization. Although serial anti‑VEGF thera‑
py is the current standard of care for treatment of macular edema, 
use of grid laser and intravitreal steroids are reasonable in certain 
circumstances.

Future directions for therapy will look towards improving on 
current practice. A recent report demonstrated the use of robots 
to cannulate the central retinal vein, which may open doors to 
new strategies. Structured guidance will be provided from clini‑
cal trials such as SCORE2 with feedback on comparing monthly 
versus treat‑and‑extend strategies and switching agents for poor 
responders. Lastly, potential breakthroughs in pharmacotherapy 
such as suprachoroidal drug delivery and novel anti‑VEGF tar‑
gets are anticipated within the near future.
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