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ABSTRACT

Central retinal vein occlusion is the blockage of retinal blood circulation owing to obstruction of 
the central retinal vein. Depending to the degree of occlusion and retinal ischemia, it is classified 
into ischemic and non-ischemic forms. Central retinal vein occlusion leads to the development of 
important vascular alterations, increased inflammatory factors, and retinal edema. Diagnosis is made 
by ophthalmoscopy findings and complementary examinations. The clinical presentation varies from 
insidious painless unilateral vision loss to abrupt and profound vision loss. Neovascular glaucoma is the 
most severe complication, and macular edema is the most common complication. Treatment includes the 
identification and correction of systemic vascular risk factors. Intravitreal injections of antiangiogenics 
and corticosteroids can help improve final visual acuity. In this review article, we describe the main 
clinical and therapeutic aspects of central retinal vein occlusion.

RESUMO

A Oclusão da Veia Central da Retina é o bloqueio da circulação sanguínea retiniana por obstrução da 
veia central da retina. Subdivide-se em isquêmica e não isquêmica de acordo com o grau de oclusão 
e de isquemia retiniana. O evento obstrutivo proporciona o desenvolvimento de alterações vasculares 
importantes, aumento de fatores inflamatórios e edema retiniano. O diagnóstico é feito pelos achados 
oftalmoscópicos e exames complementares. A apresentação clínica é variável, desde perda visual 
unilateral indolor insidiosa até perda abrupta e profunda da visão. Glaucoma neovascular é a complicação 
mais severa. A complicação mais comum é o edema macular. O tratamento inclui identificação e 
correção dos fatores de risco vasculares sistêmicos. O uso de injeções intravítreas de antiangiogênicos e 
corticoides pode auxiliar na melhora da acuidade visual final. Neste artigo de revisão descreveremos os 
principais aspectos clínicos e terapêuticos da oclusão venosa central retiniana.

INTRODUCTION

Central retinal vein occlusion (CRVO) occurs due 
to blockage of retinal blood circulation resulting from 
obstruction of the central retinal vein, and consequen-
tly of its branches, in the region of the cribriform plate 
or in a location immediately posterior to it1.

Retinal vein occlusion (RVO) is the second leading 
cause of vascular blindness, surpassed only by diabe-

tic retinopathy. In 2008, it was estimated that appro-
ximately 16.4 million adults had some type of RVO, 
and 2.5 million were affected by CRVO2.

The worldwide prevalence of CRVO is approxima-
tely 0.08%, with a similar distribution among diffe-
rent ethnicities and sexes. Its risk increases with in-
creasing age2. However, one study reported that Black 
people were 58% more likely to develop CRVO than 
White people3. 
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The best predictor of RVO development is prior 
episodes in the contralateral eye. The risk of contra-
lateral involvement in individuals with CRVO is 
approximately 1% per year4. 

Cardiovascular risk factors such as atherosclero-
sis, hypertension, and diabetes are commonly asso-
ciated with all types of RVOs. However, vein occlu-
sions can also be secondary to other processes, such 
as inflammation, vasospasm, or compression5.

CRVO is correlated with glaucoma, sleep apnea, 
thrombophilia, and homocystinuria6. A study de-
monstrated that smoking, alcoholism, hyperopia, 
and pseudophakia increased the risk of RVO7.

Blood hyperviscosity, which is observed in mye-
loproliferative disorders, may also be associated with 
CRVO. Inflammatory conditions that cause systemic 
vasculitis (Behçet’s disease, lupus, polyarteritis no-
dosa) and hypercoagulation states (hyperhomocys-
teinemia, antiphospholipid syndrome, deficiency of 
proteins C or S or antithrombin III) have also been 
described as risk factors for RVO, particularly in 
young patients, although this is rare8,9.

The incidence of CRVO increases with age, and 
most affected individuals are aged ≥50 years10. CRVO 
in young adults is uncommon and only 10%-15% of 
patients are aged <40 years11.

METHODS

This is a narrative literature review of studies retrie-
ved from electronic databases (PubMed/MEDLINE, 
Google Scholar, and SCIELO) using the descrip-
tors “central retinal vein,” “retinal vein occlusion,” 
“VEGF,” and “macular edema.” These terms were 
used in Portuguese and English, individually and in 
combination. The authors selected the articles con-
sidered most important, and their information was 
extracted to compose the textual base and describe 
the most relevant aspects of CRVO.

Pathophysiology
The pathogenesis of CRVO is multifactorial and 

involves alterations in hematological factors, com-
pression, and abnormalities in the vessel wall. The 
existence of an intimate anatomical relationship 
between the intima layers of the central artery and 
the central vein of the retina in the posterior region of 
the cribriform plate can lead to venous compression 
and formation of fibrin and platelet thrombi, conse-
quently resulting in vessel obstruction12.

RVO can cause acute endothelial cell apoptosis, 
pericyte damage, and increased vascular permeability. 
Chronic ischemia and edema appear as the final ou-
tcomes of abnormal endothelial cell turnover and re-
tinal hypersensitivity to hypoxia13. 

The increase in intraluminal pressure, as a con-
sequence of the obstruction, triggers the production 
of inflammatory mediators, including vascular endo-
thelial growth factor (VEGF), and compromises the 
internal blood–retinal barrier. This, in turn, promo-
tes transudation of vessels, leading to optic nerve 
edema, intraretinal hemorrhages in the four retinal 
quadrants, and macular edema. When neovasculari-
zation occurs, it can result in neovascular glaucoma 
and vitreous hemorrhage14,15.

Classification
CRVO can be classified into two forms: the is-

chemic and non-ischemic forms. Approximately 80% 
of patients with CRVO suffer from the non-ischemic 
form, which is characterized by venous stasis retino-
pathy and an obstruction posterior to the cribriform 
plate. This location could justify a milder retinopa-
thy owing to the presence of more collateral venous 
channels. In ischemic CRVO, with characteristics of 
hemorrhagic retinopathy, venous obstruction occurs 
at the level of the cribriform plate or immediately 
posterior to it. Few collateral venous channels are 
present to aid in drainage, and the retina suffers from 
extensive ischemia due to reduced perfusion pressu-
re. Further, in some cases the non-ischemic form can 
progress to the ischemic form, likely due to either 
reduced retinal perfusion during sleep or thrombus 
migration to a region closer to the cribriform plate16. 

The classification of CRVO subtypes is based on 
fluorescein angiography (FA) findings. Non-ischemic 
CRVO is characterized by an ischemic area of <10 
disc areas and the absence of retinal neovascula-
rization on examination. Ischemic CRVO is charac-
terized by retinal or iris neovascularization with a lar-
ge ischemic area (>10 disc areas) and a larger number 
of hemorrhages4.

This classification has been useful for use in stu-
dies. However, with the advent of widefield angiogra-
phy, it is possible to better assess the large peripheral 
nonperfusion areas present in cases of CRVO17. It is 
suggested that peripheral ischemia rates of >35% are 
an angiographic criterion for classifying CRVO cases 
as ischemic CRVO18.
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Signs and symptoms
Patients with CRVO should undergo a complete 

eye examination. Ocular symptoms at the onset of 
CRVO are variable, ranging from no symptoms to se-
vere reduction in visual acuity (VA). Vision loss is usually 
sudden and unilateral, but it may be gradual, progres-
sing to definitive over a period of days to weeks19.

The examiner must determine which presentation 
subtype of CRVO is developing. The non-ischemic form 
is the most common clinical presentation. In this form, 
unilateral and sudden vision blurring are observed, with 
moderate impairment of the VA (20/200 or better). On 
fundoscopy, the branches of the central retinal vein 
appear tortuous and dilated and are accompanied by 
“candle-flame” hemorrhages in all quadrants, but more 
markedly in the periphery20 (Figure 1A).

Almost all patients with ischemic CRVO have an 
initial VA of 20/200 or worse, and approximately half 
have significant peripheral visual field involvement. 
Most also exhibit a relative afferent pupillary defect 
(RAPD), which can be a sensitive and specific indica-
tor of ischemic CRVO6.

In the ischemic form, fundoscopy features are 
more prominent, marked by significant engorgement 
and tortuosity of the branches of the central retinal 
vein, in addition to “cotton-wool” exudates associa-
ted with extensive hemorrhages. The presence of 
“cotton-wool” exudates reflects infarction foci in the 
nerve fiber layer and neovascularization of the ante-
rior or posterior segment in more advanced stages21.

Capillary congestion can result in macular and 
optic nerve edema. Hence, complaints may include 
metamorphopsia associated with reduced VA6.

Complementary examinations 
The evaluation of patients with RVO should in-

clude a comprehensive investigation of medical his-
tory and laboratory findings to identify cardiovascular 
risk factors. Suggested tests include electrocardiogra-
phy, protein electrophoresis, and determination of 
complete blood count, erythrocyte sedimentation 
rate, urea, electrolytes, creatinine, blood glucose, li-
pid profile, thyroid function, and blood pressure22.

In recent years, the hypothesis that coagulation 
disorders could be related to RVO has been discus-
sed23. Tests for coagulation disorders can be perfor-
med in selected cases, such as those involving young 
patients (<50 years old), bilateral venous occlusion, 
and history of coagulation disorders or thrombophi-
lia22. In the case of thrombophilia, a study suggested 
that the investigation should focus on factor XII, fac-
tor V Leiden deficiency, homocysteinemia, antiphos-
pholipid antibody, and deficiency of anticoagulant 
proteins C and S24. 

Ophthalmological imaging tests
Ocular investigations for CRVO usually include 

FA, optical coherence tomography (OCT), and, more 
recently, optical coherence tomography angiography 
(OCTA). 

Fluorescein angiography (FA)
FA is a useful and objective tool for evaluating 

retinal circulation through the use of intravenous 
fluorescein contrast. Fluorescein leaks only from 
physiologically abnormal vessels and capillaries, and 
the amount of leakage depends on the severity of the 
occlusion25.

In cases of CRVO, FA enables the analysis of poor 
peripheral capillary perfusion and macular ischemia 
and the detection of neovascularization, even distin-
guishing the latter from the formation of collateral 
circulation6. 

In CRVO, FA demonstrates normal filling of the 
choroid, but there may be a variable delay in retinal 
vascular filling caused by venous flow congestion. In 
late phases, FA presents a variable pattern of uptake 
in the optic nerve head and retinal veins, which is 
associated with variable degrees of poor capillary per-
fusion and extravasation in the macular region1 (Fi-
gures 1B and 1C). 

Figure 1. A 66-year-old female patient with hypertension and 
sudden loss of visual acuity in the left eye. (A) Retinography revealed 
blurring of the edges of the optic disc, associated with intense 
engorgement and venous tortuosity, with “candle-flame” hemorrhages 
in the four quadrants and in the macular region. (B and C) Fluorescein 
angiography shows contrast uptake in the optic disc owing to papillary 
edema, and contrast extravasation in the central region due to macular 
edema. Neovascularization was not observed. (D) Optical coherence 
tomography (OCT) showing significant macular edema at the initial 
consultation. (E) OCT 30 days after the sixth intravitreal injection of 
anti-VEGF agents showing complete resolution of the edema. 
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FA is useful for providing information about the 
capillary bed of the retina (permeability or nonper-
fusion) and in differentiating between the ischemic 
and non-ischemic forms of RVO. Other findings in-
clude late extravasation in the macular area and in 
the filling of veins. Macular edema usually appears 
as hyperfluorescence in radial cystic cavities, for-
ming a “petaloid” pattern. The presence of peripheral 
nonperfusion is a characteristic of ischemic RVO and 
is an important risk factor for neovascularization. 
Macular nonperfusion is correlated with a poor visu-
al prognosis, and improving VA can be difficult, even 
with treatment for macular edema26.

Optical coherence tomography (OCT) 
OCT is a noninvasive retinal examination me-

thod that, through sectional images, enables the 
identification of retinal layers in near-histological de-
tail27. It is an important test to confirm and monitor 
the presence of macular edema6. 

In cases of CRVO, OCT typically reveals intrareti-
nal cysts (Figure 1D), retinal thickening, and occasio-
nally submacular fluid. As for structural alterations, 
there may be a loss of the relationship between the 
internal and external segments of the photoreceptors 
and a distortion of the architecture of the nuclear and 
internal plexiform layers1,27.

Optical coherence tomography angiography (OCTA)
OCTA is a recent, noninvasive imaging technique 

that was developed to enable the study of retinal mi-
crovessels without contrast injection. The movement 
of red blood cells within retinal capillaries is used as 
an intrinsic contrast medium to generate flow ima-
ges. OCTA provides images of the capillary network 
of both the superficial and deep retina, with detailed 
visualization of the avascular zone of the fovea and 
the possibility of constructing a three-dimensional 
vascular map of retinal circulation28.

OCTA demonstrates the characteristic findings of 
venous occlusions seen in FA, such as decreased ca-
pillary perfusion, macular edema, vascular dilation, 
enlarged avascular zone of the fovea, and collateral 
venous circulation29. 

Monitoring and prognosis 
Ophthalmological follow-up should prevent and 

identify complications caused by retinal ischemia, 
such as neovascular glaucoma, vitreous hemorrhage, 
and macular edema. 

In ischemic cases, follow-up should be monthly 
in the first semester, to monitor macular edema 
and identify signs of neovascularization of the an-
terior segment. Follow-up of the eyes with signi-
ficant ischemia after the first semester should be 
done every 3 months for 1 year. In non-ischemic 
cases, a quarterly follow-up is suggested for the 
first 6 months. For all patients, subsequent follow-
-up depends on the treatment performed and the 
complications present, but in cases with no com-
plications, it is usually not necessary after 2 years. 
Macular edema may recur for several years; hence, 
follow-up beyond recommendations may be neces-
sary for long-term VA maintenance30. 

Initial VA is usually the most reliable factor to 
predict the severity and visual prognosis in eyes with 
CRVO27. 

In cases of patients with VA 20/60 or better, VA 
tends to remain unaltered; VA between 20/80 and 
20/200 has a variable clinical course; VA worse than 
20/200 is likely to show no improvement4.

 The prognosis of ischemic CRVO is poor owing 
to the presence of macular ischemia and an increased 
risk of neovascularization. In one study, the cumu-
lative incidence of neovascularization was 52% and 
neovascular glaucoma development was 34% at 9 
months after ischemic CRVO31.

Conversion from the non-ischemic to the ische-
mic form usually occurs in one third of patients wi-
thin 3 years32.

The main factors related to the development of 
neovascular glaucoma are a history of arterial hyper-
tension, low VA, or RAPD at the onset of the condi-
tion. If VA worsens or RAPD emerges, the possibility 
of conversion to the ischemic form must be conside-
red and the patient must be monitored closely33.

TREATMENT

Interventions performed in cases of CRVO focus 
on occlusion sequelae, which include macular edema 
and retinal ischemia1. 

Current treatment options include the use of la-
ser, surgical interventions, and intravitreal injections 
of corticosteroids and VEGF inhibitors34.

To date, there is no consistent evidence that clini-
cal treatments can favorably alter the natural course 
of CRVO. There is no evidence that the use of anti-
platelet agents, anticoagulants, thrombolytic agents, 
or hemodilution are effective in improving VA35.
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The use of antiplatelet agents or systemic anticoa-
gulants for the treatment of CRVO does not show be-
nefits and has been associated with worse outcomes 
in terms of final VA, greater loss of visual field, and 
worsening of retinal hemorrhage36. 

Optimizing the control of arterial hypertension, 
diabetes, dyslipidemia, and intraocular pressure are 
important for controlling systemic risk factors for 
CRVO and other consequences causing damage to 
target organs37.

Most surgical procedures require further studies 
and should not be routinely indicated owing to pos-
sible complications. The use of thrombolytics by 
injection into the ophthalmic artery has not yet de-
monstrated obvious efficacy. Further, other surgical 
techniques such as peeling of the internal limiting 
membrane, radial neurotomy, and decompression of 
the optic nerve sheath are not completely effective35.

The formation of chorioretinal anastomoses using 
a laser has variable results (33%–88% success in VA im-
provement), but it remains an experimental therapy38. 

The development of severe vitreous hemorrhage 
or tractional retinal detachment can be controlled 
using vitrectomy techniques39.

Macular edema and neovascularization 
Macular edema caused by capillary fluid leakage 

in the central macular area is the most common cause 
of vision loss in patients with RVO40.

In non-ischemic CRVO, spontaneous resolution 
of the macular edema has been observed over time in 
approximately 30% of eyes41.

The isolated use of laser in a macular grid has not 
shown great benefit in improving VA, even though it 
significantly reduces extravasation on angiography42. 

However, studies have reported beneficial effects 
from the combined use of laser and intravitreal injec-
tions in improving VA in cases of CRVO, in addition 
to better therapeutic responses and fewer interven-
tions43.

The use of a macular grid can be considered in 
patients with persistent macular edema after 3-4 
monthly FA-guided injections of anti-VEGF agents 
to determine the sites of ischemia and extravasation 
that could benefit from laser treatment44.

 Prophylactic panretinal photocoagulation is no 
longer recommended for ischemic CRVO as it does 
not prevent iris neovascularization. However, laser 
photocoagulation should be performed when neovas-
cularization occurs in the anterior segment, the optic 
disc, or the retina 8.

When regular follow-up is impractical, prophylac-
tic panretinal photocoagulation may be advisable30.

The use of intravitreal or intracameral anti-VEGF 
agents can significantly aid in reducing retinal and 
anterior segment neovascularization45.

In cases of established neovascular glaucoma and 
blindness, the goal should be pain control with the 
use of topical steroids and atropine. However, if there 
is a prognosis of preserved vision, intraocular pres-
sure control with hypotensive eye drops or surgery 
should be sought40.

Effective benefits in the management of macu-
lar edema have recently been demonstrated with the 
use of intravitreal injections of anti-VEGF agents 
(bevacizumab, ranibizumab, and aflibercept) and 
corticosteroids (triamcinolone and dexamethasone). 
Both classes of medication have important anti-in-
flammatory and antiproliferative mechanisms that 
help to reduce macular edema and neovasculariza-
tion and improve VA46.

Anti-VEGF agents
There are three anti-VEGF agents available for 

use: bevacizumab (off-label), ranibizumab, and afli-
bercept. Currently, intravitreal therapy with anti-VE-
GF agents is considered the first-line therapy for the 
treatment of macular edema associated with RVO47. 

In eyes with RVO, structural changes in the reti-
nal venous system result in reduced blood flow, varia-
ble levels of hypoxia, and a subsequent sharp increase 
in intravitreal VEGF levels48,49. 

Intravitreal VEGF levels have been shown to cor-
relate with the severity of clinical findings50.

Ranibizumab 
Ranibizumab is a recombinant humanized mo-

noclonal antibody capable of inhibiting the biologi-
cal activity of all VEGF-A isoforms. It was developed 
specifically for intravitreal use and is approved for the 
treatment of macular edema related to RVO51.

In the CRUISE and BRAVO studies, monthly 0.5 
mg ranibizumab injections significantly improved vi-
sual function in patients with RVO after 6 months of 
follow-up (respectively, 18.3 and 14.9 ETDRS letters 
vs. 7.3 and 0.8 letters in the control group), in addi-
tion to improving the mean central foveal thickness 
(345 µm and 442 µm vs. 158 µm and 168 µm in the 
control group)47,51.

Although macular edema resolution occurs in 
approximately half of the patients with RVO with 
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ranibizumab treatment, in cases of CRVO, a subs-
tantial number of individuals require frequent injec-
tions, even years after the initial treatment52.

Aflibercept
Aflibercept is a fusion protein composed of do-

mains of human VEGF receptors 1 and 2 fused with 
a segment of human IgG. It is capable of inhibiting 
all VEGF-A isoforms. It has a long duration and high 
affinity for VEGF-B and placental growth factor53.

Two randomized clinical trials (GALILEO and 
COPERNICUS) assessed the use of intravitreal afli-
bercept versus sham injections for the treatment of 
macular edema secondary to CRVO and reported si-
milar results. Both studies demonstrated the efficacy 
of aflibercept in improving the anatomical and visual 
outcomes of patients with macular edema associated 
with CRVO in the first 6 months under fixed monthly 
administration of aflibercept54,55. In the GALILEO 
study, 60.2% and 22.1% of patients in the treatment 
and placebo groups, respectively, demonstrated a gain 
of at least 15 letters after 6 months of treatment54.

In the COPERNICUS study, there was a gain of 
15 letters in 56% of the treated eyes compared with 
12% of the sham treatment eyes after 6 months of 
treatment. Further, there were no cases of neovas-
cularization or photocoagulation in those treated 
with aflibercept. Hence, these studies not only de-
monstrated the benefits of treatment over natural 
progression but also depicted superior results with 
the early treatment of CRVO-related macular edema 
with aflibercept55.

Bevacizumab
Bevacizumab is a humanized antibody that blocks 

all VEGF-A isoforms. Several studies have shown 
that the intravitreal injection of bevacizumab in-
creased VA and concomitantly reduced central macu-
lar thickness56–58. 

A large multicenter retrospective study involved 
the treatment of 44 eyes with 1.25 mg bevacizumab 
every 4–8 weeks during two years of follow-up while 
observing for any signs of macular edema. A mean 
gain of 3.5 ETDRS lines in 24 months was demons-
trated, and the central macular thickness was redu-
ced from 635 µm at baseline to 364 µm at the end of 
the study 59.

To date, bevacizumab has not been approved 
by the FDA for intraocular use owing to the lack of 
large randomized clinical trials and its use remains  
off-label60.

Corticosteroids
Corticosteroids are able to reduce edema by stabi-

lizing vascular permeability, reducing inflammatory 
mediators, and indirectly blocking VEGF actions46. 

Currently, two medications in this group are 
used for the treatment of macular edema associated 
with CRVO: intravitreal implants of dexamethasone  
(on-label use) and triamcinolone (off-label use)61,62. 

Both these steroids are associated with clinically 
significant increases in intraocular pressure and ca-
taract progression. Triamcinolone is a cost-effective 
treatment for a select groups of patients, such as those 
with pseudophakia or preexisting cataracts who may 
soon require cataract surgery46. 

The SCORE–CRVO study sought to assess the 
improvement in macular edema associated with 
CRVO after intraocular application of triamcinolone 
at doses of 1 mg and 4 mg in comparison to a control 
group. A gain of ≥15 ETDRS letters was observed 
in 26.5% of patients who underwent intraocular ap-
plication of 4 mg of triamcinolone after 12 months 
of follow-up, and the decrease in central macular 
thickness compared to baseline was greater in this 
group. However, the proportion of patients with cen-
tral macular thickness of ≤250 μm was similar in the 
three groups at the end of 12 months63. 

The GENEVA study evaluated the use of a dexa-
methasone implant (Ozurdex®) for the treatment of 
macular edema secondary to branch retinal vein oc-
clusion (BRVO) and CRVO. This study demonstrated 
long-term effectiveness and significant improvement 
in VA in the groups using the medication (0.35 mg 
and 0.70 mg) compared to the control group64. 
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