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Unstructured summary

Acute retinal vascular occlusions are common causes of visual impairment. While both retinal 

artery occlusions (RAOs) and retinal vein occlusions (RVOs) are associated with increased age 

and cardiovascular risk factors, their pathophysiology, systemic implications, and management 

differ significantly. Acute management of RAOs involves a multidisciplinary approach including 

neurologists with stroke expertise, while RVO treatment is provided by ophthalmologists; 

optimization of systemic risk factors by patients’ primary care providers is an important 

component of RAO and RVO management.

Introduction

Acute retinal vascular occlusions are common causes of visual loss. Retinal vein occlusions 

(RVOs) are much more common than retinal arterial occlusions (RAOs) and have a 

better prognosis.1–3 The pathophysiology and systemic implications of RVOs and RAOs 

differ greatly (Figure 1). While both occur more commonly in the older population and 

are associated with cardiovascular risk factors, RVOs do not usually require specific 

systemic work-up,3,4 whereas acute RAOs, including vascular transient monocular vision 
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loss (TMVL), branch retinal arterial occlusion (BRAO), central retinal arterial occlusion 

(CRAO) and ophthalmic arterial occlusion (OAO), are associated with a higher risk of 

stroke and cardiac events that must be addressed acutely.5,6 Although acute management of 

RAOs is well codified and involves neurologists with stroke expertise, there is no proven 

ocular treatment for acute RAO.6 In contrast, evaluation and treatment of central retinal vein 

occlusion (CRVO) and branch retinal vein occlusion (BRVO) “belong” to ophthalmologists, 

with numerous studies addressing treatment of RVOs for which guidelines are available.7 

Acute CRAO or BRAO with CRVO is rare and may indicate a systemic disease such as 

vasculitis, hypercoagulable state or malignancy.2 This article discusses acute RAOs and 

RVOs emphasizing the need for standardized multidisciplinary approach, and reviews recent 

advances regarding these two causes of visual loss.

Search strategy and selection criteria:

Data were identified by searches of MEDLINE, Current Contents, PubMed, and references 

from relevant articles using the terms “retinal vascular occlusion”, “central retinal artery 

occlusion”, “branch retinal artery occlusion”, “transient visual loss”, “stroke”, “central 

retinal vein occlusion”, “branch retinal vein occlusion”, and “hemiretinal vein occlusion”. 

Articles published in English between 1966 and 2020 were included.

Acute retinal arterial occlusions

Introduction

Acute retinal arterial ischemia, including vascular TMVL, BRAO, CRAO and OAO, requires 

immediate diagnosis and treatment.5 Indeed, TMVL of vascular origin is a retinal transient 

ischemic attack (TIA), whereas BRAO, CRAO and OAO result in retinal infarctions, with 

mechanisms and causes identical to those of acute cerebral infarctions in the internal carotid 

artery (ICA) territory. Transient ischemic attacks and strokes are on a spectrum of serious 

conditions involving cerebral and ocular ischemia, just as angina and acute myocardial 

infarction are on the continuum of acute coronary syndromes.8 It is, therefore, logical to 

combine vascular TMVL, BRAO, CRAO and OAO as “acute RAOs” and propose the same 

systematic management for these four entities.5 Although their respective visual outcomes 

are different, their overall significance and their systemic and neurologic implications are 

similar.

Epidemiology of RAOs

The estimated incidence of acute CRAO is 1–2 per 100,000, is higher in men than 

women,9,10 and increases with age with an incidence as high as 10 per 100,000 in 

older adults.11 A rising incidence of iatrogenic RAO has been reported in young women 

treated with cosmetic facial filler injections inadvertently injected into facial arteries.12,13 

Ophthalmic artery occlusion is rare and BRAO is estimated to account for approximately 

one-third of acute RAOs.10 Because its diagnosis is challenging, the incidence of vascular 

TMVL is unknown.

Over the past decade, numerous studies emphasized the high risk of stroke and other 

cardiovascular events in patients with acute RAOs (Table 1).14–29 The incidence of 
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cerebral small vessel disease is also increased in RAO patients,30,31 consistent with shared 

vascular risk factors. Most RAO patients are diagnosed with major vascular risk factors, 

including hypertension, hypertensive crisis, diabetes mellitus, dyslipidemia, and acute 

coronary syndrome at the time of RAO, prompting an immediate change in medication 

as a result of the RAO evaluation.5,21 Severe atheromatous ICA stenosis is found in up to 

40% of acute RAO patients (Table 1)15–19 and should prompt urgent surgery per stroke 

guidelines.32–39 Recent studies emphasized the high rate of cardiac source of emboli, 

especially atrial fibrillation, in RAO patients.23,28,29,40–42 Studies also demonstrated a high 

rate of asymptomatic, often multiple, small cerebral infarctions on brain MRIs performed 

within 15 days of visual loss in patients with acute RAOs (in up to 53% of CRAO, 31% 

of BRAO, and 18% of TMVL patients) (Table 2).21,26,30,31,43–48 The findings of such 

infarctions in acute RAO patients who do not have neurologic symptoms indicates a higher 

risk of recurrent stroke and higher chance of identifying a major cause of stroke during 

the work-up, permitting early stroke risk stratification and intervention.5,8,3949,50 Although 

studies provide heterogeneous numbers regarding the incidence of recurrent stroke and other 

cardiovascular events after acute RAO, numerous recent publications (Table 1)15–29 reported 

a high risk of complications within the first few days after onset of visual loss, emphasizing 

the need for prompt diagnosis and triage of patients with acute visual loss by an eye 

care provider to a stroke center. Indeed, stroke and myocardial infarction occurring during 

hospitalization for acute CRAO was reported in 15·3% and 7·7%, respectively, in the U.S. 

in 2014.25 Among 103 patients admitted to the hospital for acute CRAO, 79% were found 

to have other major acute cardiovascular problems that would have required hospitalization 

in the absence of CRAO.21 The combined risk of stroke, myocardial infarction and death 

at 2-year follow-up has been reported as high as 32% in the southern U.S. (stroke belt) 

and can be decreased by aggressive secondary prevention.21 A Korean study19 reported a 

70-fold increase in ischemic stroke the first week after a CRAO, and a U.S. study22 using 

National Medicare datasets for 2013 found a 28-fold and 33-fold increased incidence of 

ischemic stroke in the first and second weeks following a CRAO. Additionally, a recent 

U.S. study29 showed that readmission for stroke after RAO was highest within the first 

150 days after initial admission, nearly 1 out of 10 RAO patients were readmitted within 

30 days and were twice as likely as patients with acute ischemic strokes to be readmitted 

for cardiac dysrhythmia or endocarditis. However, despite this evidence, appropriate care is 

often delayed and suboptimal.51–60

Pathogenesis of RAOs

Similar to cerebral infarctions, RAOs result from acute interruption of blood flow to the 

eye from diverse underlying conditions, the frequency of which varies depending on the 

populations studied (Figure 1, Table 1).1,5,14–29 Acute RAO commonly leads to permanent 

retinal ischemia and irreversible cell death within a few hours.

Emboli from the ICA, aortic arch or heart are the main causes of RAO (Table 1).1,5,14–28 

Classic teaching suggested most acute RAOs are secondary to ICA disease;1,2,14 however, 

recent data demonstrated that cardiac emboli, especially related to atrial fibrillation, 

represent a major cause of acute RAO.23,28,29,40,43 Systematic prolonged cardiac rhythm 

monitoring after a stroke or RAO permits delayed diagnosis of atrial fibrillation in many 
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patients previously considered as having a “negative work-up”.23,29,40–42,61,62 Non-embolic 

RAO may result from systemic vasculitis such as giant cell arteritis, as well as hematologic, 

immune-mediated and infectious disorders.1,2

Diagnosis and Investigation of RAOs

Acute RAO results in acute monocular visual loss, with severity based on the size of 

the occluded vessel (OAO, CRAO or BRAO) and duration of occlusion (transient vs. 

permanent). Transient occlusion results in TMVL and is better described as a “retinal TIA”, 

than “amaurosis fugax” which is a confusing term and should be avoided.5,8 The diagnosis 

of vascular TMVL is challenging and most often relies on the patient’s description of 

acute painless blackout of vision in one eye lasting a few minutes, with a normal ocular 

examination.5 Because many ocular disorders can result in transient blurry vision, it is 

essential that patients with TMVL be examined urgently by an eye care provider before 

receiving extensive testing for presumed vascular TMVL.5 Ophthalmic artery occlusion 

(usually by a large embolus or thrombus) is devastating, with vision reduced to hand motion 

or worse. The prognosis is poor and most affected eyes develop ischemic neovascularization 

with numerous ocular complications.2,63 Most patients with acute CRAO have profound 

visual loss at presentation with vision in the 20/200-counting fingers range and an ipsilateral 

relative afferent pupillary defect. Up to 25% of eyes have a cilioretinal artery which 

originates from the chorioretinal circulation and is therefore spared in acute CRAO and 

BRAO. Such patients may retain relatively good visual acuity despite very abnormal visual 

fields. Approximately 20% of patients with visual loss from acute CRAO have spontaneous 

visual improvement related to revascularization of the occluded artery.2,63 Smaller emboli 

often migrate in retinal arteries and result in BRAO which has a better visual prognosis.63 

These patients complain of acute partial monocular visual loss, often described as a superior 

or inferior shade and visual acuity varies greatly depending on anatomic variations of retinal 

vascularization.2,63

The diagnosis of OAO, CRAO and BRAO is usually easy for an eye care provider who 

is able to visualize attenuation of the retinal arteries, segmentation of the retinal arterial 

blood columns with sometimes visible retinal arterial emboli, and acute retinal ischemia 

seen as retinal edema that appears as whitish retinal discoloration after a few hours (Figure 

2). In acute CRAO, the fovea appears as a “cherry red spot” because the normal choroidal 

circulation is seen in contrast to the edematous inner retina surrounding the fovea where 

the inner retina is thinnest, whereas eyes with OAO have diffuse retinal edema typically 

associated with optic nerve ischemia and optic nerve edema and no cherry red spot. 

Reperfused CRAOs may not have arterial attenuation and are often difficult to diagnose 

acutely.

An ocular examination is always necessary to rule out a nonvascular ocular problem in 

patients with acute visual loss, and confirm a diagnosis of vascular TMVL, BRAO, CRAO 

or OAO.5 Telephone diagnosis of visual loss is not possible and there should be a pathway 

for same-day appointment with an eye care provider for patients complaining of acute visual 

loss. Ideally, the examination should be performed in close proximity to an emergency 

department (ED) affiliated with a stroke center or in the ED itself. Diagnosis of acute retinal 

Scott et al. Page 4

Lancet. Author manuscript; available in PMC 2022 October 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



ischemia can be difficult within a few hours of visual loss, in which case optical coherence 

tomography (OCT) is useful by showing inner retinal edema acutely (Figure 2). Retinal 

fluorescein angiography (FA) may show arterial occlusions and delayed retinal arterial 

perfusion, but is time consuming and usually not necessary acutely. In clinical settings 

where no eye care provider is available, non-mydriatic digital fundus photography with 

remote interpretation may permit immediate diagnosis of BRAO, CRAO and OAO.64–66

Management of RAOs

Because giant cell arteritis is a classic cause of acute visual loss and ocular arterial ischemia, 

it must be ruled out in patients older than 50 with urgent blood tests (complete blood 

count, erythrocyte sedimentation rate and c-reactive protein) looking for an inflammatory 

biologic syndrome before further stroke work-up is initiated. Patients with retinal arterial 

ischemia complicating giant cell arteritis should receive emergent high-dose intravenous 

corticosteroids as soon as the diagnosis is suspected and before a temporal artery biopsy is 

obtained.6,67

Once the diagnosis of acute vascular TMVL, BRAO, CRAO or OAO is confirmed and 

giant cell arteritis is ruled out, guidelines recommend that patients with recent visual loss 

be immediately referred to the closest ED affiliated with a stroke center or a rapid-access 

TIA clinic.5,8,,37–39,59,66,68 Indeed, rapid access to specialized centers is the best way to 

expedite work-up and identify high-risk patients, facilitating early preventive treatments 

to reduce the risk of subsequent stroke and cardiovascular events.5,8,37–39 Many hospitals 

have ED-affiliated observation units that allow rapid outpatient work-up with a predefined 

accelerated diagnostic protocol. Hospitalization is usually only necessary if a dedicated 

outpatient center is unavailable or the initial work-up demonstrates a cause that requires 

urgent treatment, such as associated acute cerebral ischemia, ICA stenosis or a cardiac 

source of emboli. Studies have shown that such pathways for acute stroke patients result 

in improved outcomes and dramatic decrease in stroke recurrence.5,8,38,39,69,70 For these 

reasons, widespread access to stroke centers is a public health priority in most countries.

Most recommendations are aimed at preventing further vascular events, similar to what is 

done for patients with acute cerebral TIA or infarction,5,8,37–39,69,70 but there is currently 

no specific treatment proven to reverse acute RAO and improve visual outcome beyond its 

natural history.6,66,68 Numerous treatments aimed at reperfusing acutely occluded retinal 

arteries or reversing retinal cell death have been suggested (Table 3).6,51 However, most 

proposed interventions are based on anecdotal reports of improvement in retrospective small 

case series and few have been evaluated in randomized clinical trials.6 Theoretically, the 

sooner the retina is reperfused following an acute RAO, the better the chance of improving 

visual function. The ideal therapeutic window remains unknown, but animal studies suggest 

treatment would need to be administered within 3 hours of visual loss to prevent permanent 

retinal ischemia.2,6,63 The highly variable clinical presentations and causes of CRAO, in 

addition to its relative low incidence, make clinical trials challenging.68 Not only do 

presenting visual acuity and visual field defects vary tremendously, but the size and type 

of emboli influence visual outcome. Large emboli occluding the artery at the level of 

the lamina cribrosa (Figure 1) result in profound visual loss and are difficult to dislodge, 
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especially when made of calcium or large fragments of atheromatous plaques. Identification 

of such calcified emboli may be possible with transorbital ultrasonography, and usually 

predicts poor visual outcome with limited effect of thrombolysis.71 Platelet-fibrin emboli 

are often smaller and multiple, reaching smaller retinal arteries and often migrating 

spontaneously, with improved vision; such emboli are expected to dissolve quickly after 

administration of thrombolysis. Iatrogenic embolization such as from cosmetic fillers has a 

poor visual prognosis since arterial occlusion is usually extensive and permanent.12,13

The most promising treatment for acute CRAO is thrombolysis, which, when administered 

shortly after onset of visual loss, may induce rapid recanalization of the occluded arteries 

and reperfusion of the ischemic retina prior to retinal cell death. Despite the lack of 

clinical trials proving their safety and efficacy, thrombolytics have been administered 

either intravenously or directly into the ophthalmic artery for decades, usually following 

established protocols for cerebral infarction.6,66,68 The ideal therapeutic window is 

unknown, but it is assumed that the earlier, the better. Recent reports have suggested 

a window of 4.5 hours,66,68,72–75 the window currently used in a European randomized 

clinical trial using intravenous tissue plasminogen activator (tPA) for acute CRAO 

(ClinicalTrials.gov Identifier: NCT03197194). Two previous randomized clinical trials 

evaluating intravenous tPA in 16 patients within 24 hours of visual loss76 and intra-arterial 

tPA in 84 patients within 20 hours of visual loss77 did not show a benefit of thrombolysis 

and reported a significant number of complications. However, the negative results could 

be explained by the long treatment windows. Other studies suggested some improvement 

with intravenous66,68,73,74,75,78 and intra-arterial tPA.66,79,80 In a recent survey, 53% of 

U.S. centers reported offering thrombolysis for acute CRAO, more often intravenous than 

intra-arterial, emphasizing the need for clinical trials.51

Patients with CRAO and OAO must be followed every few weeks by eye care providers to 

monitor for ocular neovascularization that may lead to further ocular complications such as 

vitreous hemorrhage and neovascular glaucoma.1,2,63

Future research

The combination of clinical features and urgent brain MRI and vascular imaging can identify 

TMVL, BRAO, CRAO and OAO patients at highest risk for recurrent stroke, providing 

the opportunity to start early preventive treatments to reduce the risk of subsequent 

stroke and cardiovascular events.5,8 Because stroke risk is highest within the first few 

days after onset of visual loss, prompt diagnosis and triage by an eye care provider are 

mandatory. Integration of diagnostic tools such as non-mydriatic fundus photography in 

EDs should allow efficient remote diagnosis of acute RAOs when there is no immediate 

access to an eye care provider.64–66 Automated interpretation of fundus photographs with 

artificial intelligence should also facilitate the diagnosis of acute RAOs.81,82 Existing 

telestroke networks can used to facilitate remote acute care of RAO patients.39,66 

Increased public awareness of stroke and ocular emergencies,83–85 education of health care 

providers, and development of local networks enabling collaborations among optometrists, 

ophthalmologists and neurologists with stroke expertise is a priority as it should expedite 
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such multidisciplinary evaluations and facilitate clinical trials evaluating potential treatments 

for acute CRAO.5

Retinal vein occlusions

Introduction

There are two types of RVOs, central RVO (CRVO) and branch RVO (BRVO). Thrombosis 

within the central retinal vein (the major outflow vessel of the eye) causes CRVO,86 

while thrombosis within a branch retinal vein causes BRVO.87 Hemiretinal vein occlusion, 

considered by some a subgroup of CRVO and by others a subgroup of BRVO, is an 

occlusion resulting in involvement of about half of the retina. While CRVO and BRVO share 

many features and are therefore often lumped together, they have important differences in 

pathogenesis, natural history, and response to treatment.

Epidemiology of RVOs

The prevalence of RVOs in predominantly white populations is 0·6–1·2% (BRVO) and 

0·1–0·4% (CRVO), with an incidence per year of 0·12% (BRVO) and 0·03% (CRVO).88–91 

Disease burden is similar among diverse populations and pooled data from population 

studies estimated the 2010 worldwide prevalence of CRVO and BRVO at 2·5 million and 

13·9 million, respectively.92

The risk of BRVO and CRVO increases with age.88–91,93,94 Hypertension and arteriolar 

narrowing or nicking are particularly important risk factors for BRVO, but also increase 

CRVO risk.4,88–91,94,95 Diabetes, glaucoma and increased cup-to-disc ratio are strong risk 

factors for CRVO, but may also increase BRVO risk.88,89,93,96,97 Case-control studies 

demonstrated a significantly higher proportion of RVO patients versus age-matched controls 

have hypertension, diabetes, and cardiovascular disease.4,98,99 Mortality rate is significantly 

increased in RVO patients, but not different from controls when adjusted for these 

comorbidities.

Pathogenesis of RVOs

CRVO—The central retinal vein exits the eye and enters the optic nerve at the optic disc, 

traveling within it through the lamina cribrosa, a connective tissue structure providing 

support to it and axons as they pass through the sclera (Figure 1). Postmortem eyes 

with CRVO showed fresh or recanalized thrombus in the central retinal vein near the 

lamina cribrosa,86 where its lumen normally narrows100 and blood flow increases.101 Vessel 

narrowing or irregularity promotes turbulent flow and endothelial cell stress. Glaucoma 

or increased intraocular pressure causes displacement of the lamina cribrosa102,103 which 

may alter the central retinal vein’s shape and course, increasing turbulence and endothelial 

stress; this may explain the increased CRVO risk in eyes with glaucoma. Systemic vascular 

comorbidities may compromise endothelial cells in the central retinal vein,104 and a 

prothrombotic state (e.g., elevated homocysteine or anticardiolipin antibodies) also increases 

CRVO risk.105
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Hayreh classified eyes with CRVO as ischemic or nonischemic.106 Eyes with ischemic 

CRVOs presented with poor vision, a relative afferent pupillary defect, and large areas 

of retinal nonperfusion (RNP) on FA, and frequently developed iris neovascularization 

often complicated by neovascular glaucoma.107 Eyes with nonischemic CRVOs presented 

with better vision, little or no RNP, and leakage from perifoveal capillaries resulting 

in macular edema (ME). Some clinicians suggested eyes with nonischemic CRVO had 

partial rather than complete central vein obstruction.108 Others described acute hemorrhagic 

retinopathy with prominent optic disc swelling in young patients that usually resolved 

spontaneously, referring to it as papillophlebitis,109,110 benign retinal vasculitis,111 or optic 

disc vasculitis.112 These likely represent CRVO in young patients, and while the visual 

prognosis is generally good, about 20% suffer substantial vision loss.113

Why does RNP vary so much in CRVO eyes at presentation? Insight is provided by 

experimental retinal vascular occlusion in primates.114 Central vein occlusion in the orbit 

caused venous engorgement, perivenous hemorrhages, and optic disc edema/hyperemia that 

normalized after 10 days; FA showed no RNP and the vasculature was normal after 2 

weeks (analogous to CRVO in young patients). However, combined central retinal vein and 

central retinal artery clamping for 6–7·5 hours caused a typical picture of severe CRVO with 

extensive hemorrhages, disc edema and hyperemia, ME, and RNP that worsened over time 

(analogous to older patients with atherosclerosis and compromised retinal arterial perfusion). 

“Nonperfused” or “ischemic” CRVO is not a separate entity from “perfused” CRVO; it is 

CRVO occurring in an eye with pre-existing retinal arterial disease and marginal perfusion 

prior to venous occlusion. The suboptimal, but well-compensated, perfusion is decreased 

below a critical threshold by the sudden increase in resistance caused by venous occlusion, 

resulting in closure of retinal capillaries throughout a large area of retina.

Why does RNP often worsen over time? The answer was provided by clinical trials 

investigating the effect of ranibizumab, an antibody fragment directed against vascular 

endothelial growth factor-A (VEGF-A).115–120 Those trials demonstrated that VEGF-A is 

a major stimulus for ME, retinal hemorrhages, and RNP, because sustained suppression of 

VEGF-A markedly reduced ME, accelerated resolution of retinal hemorrhages, prevented 

progression of RNP and, in some eyes, was associated with RNP improvement.120–122 The 

observation that VEGF suppression is associated with improvement in RNP in patients with 

CRVO was confirmed in large multicenter trials investigating the effect of aflibercept.123 

The mechanism of worsening RNP is VEGF-A-induced leukostasis and vessel closure 

from leukocytic plugging; VEGF-A suppression decreases leukostasis and allows previously 

plugged vessels to reperfuse.124

BRVO—BRVOs occur at arteriovenous crossing sites, predominantly those in which the 

artery passes over the vein (Figure 1).125,126 Postmortem eyes with BRVO showed fresh or 

recanalized thrombus within a retinal vein compressed by a retinal artery with a thickened 

wall crossing over the vein.87 As in CRVO, a narrowed and/or irregular lumen results in 

turbulent flow which perturbs endothelial cells. In addition to this indirect effect from altered 

vessel morphology, hypertension and atherosclerosis directly compromise the vascular 

endothelium. The luminal surface of compromised endothelial cells is less able to prevent 

thrombosis after minor injury from turbulent blood flow.
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Similar to CRVO, variable amounts of RNP occur acutely depending upon the health of the 

arterial circulation, but even in eyes with substantial arterial disease the total amount of RNP 

is less than in most CRVO eyes because less retina is distal to the occlusion. The association 

of increased VEGF-A levels with RNP progression and the mechanism by which it occurs 

are the same as for CRVO.

Clinical Features of RVOs

CRVO—Figure 3 illustrates the variability in CRVO presentation. Some eyes show mild 

retinal venous dilation/tortuosity, small retinal hemorrhages, blockage from hemorrhages 

and good filling of retinal capillaries on FA, and moderate ME (Figure 3A–C). Other eyes 

show marked venous dilation/tortuosity with large retinal hemorrhages, cotton wool patches 

caused by infarcts in the nerve fiber layer, blockage from hemorrhages and large areas of 

RNP on FA, and severe ME (Figure 3D–F).

BRVO—Some BRVO eyes show retinal hemorrhages, RNP, and ME that are mild (Figure 

4A–C). Other eyes show marked venous dilation/tortuosity distal to the occlusion, extensive 

retinal hemorrhages and cotton wool patches, widespread RNP, and severe ME (Figure 4D–

F).

Natural History of RVOs

CRVO—The Central Vein Occlusion Study was designed to define the natural history of 

CRVO and evaluate scatter laser for ischemic CRVO and grid laser for ME.3,127–129 Eyes 

with ≥10 optic disc areas of RNP measured in 7 central photographic fields of FAs were 

defined as ischemic. Many initially perfused eyes, particularly those with best-corrected 

visual acuity (BCVA) <20/200, CRVO duration <1 month, and/or 5–9 optic disc areas of 

RNP, developed ≥10 optic disc areas of RNP and/or iris neovascularization within 4 months 

and there was progressive RNP throughout the 3-year trial in many eyes,127 which was 

also observed over 2 years in the control group of the Standard Care vs COrticosteroid for 

REtinal Vein Occlusion (SCORE)-CRVO trial.130 The SCORE-CRVO trial demonstrated 

spontaneous improvement in BCVA ≥15 letters in 6·8% of eyes with CRVO over 12 months, 

while 43·8% showed a reduction of ≥15 letters.130

Thus, eyes with CRVO present along a spectrum ranging from no RNP and good vision, 

which usually retain good vision, to severe RNP and poor vision, which are at high risk 

for iris neovascularization, neovascular glaucoma, and blindness. Eyes presenting with mild 

or moderate RNP are less predictable, but many show progressive RNP, loss of vision, and 

neovascular complications.

BRVO—Since half or less of the retina is affected by BRVO, neovascular glaucoma 

and severe vision loss are much less common than in CRVO. Retinal rather than iris 

neovascularization is more likely and its major vision-threatening complication is vitreous 

hemorrhage and occasionally traction retinal detachment. Macular edema is the most 

common cause of vision loss. The Branch Vein Occlusion Study was designed to determine 

whether panretinal photocoagulation could prevent retinal neovascularization and vitreous 

hemorrhage, and whether macular grid laser could benefit eyes with ME.131,132 At the 
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3-year endpoint, 37% of untreated eyes in the ME control group had improved ≥10 letters, 

17% had decreased ≥10 letters, 34% had BCVA ≥20/40, and mean BCVA was 20/70. Thus, 

while some eyes improve spontaneously (roughly 2-fold higher percentage than in CRVO) 

and catastrophic vision loss is uncommon, only about one-third of eyes have visual outcome 

sufficient for reading and driving.

Diagnosis and Investigation of RVOs

CRVO and BRVO usually present as acute painless loss of vision in one eye. Some patients 

are unaware of the unilateral vision loss and, hence, delay seeking medical attention. Many 

patients become aware of the problem because of reduction in depth perception, which 

requires good vision in both eyes. Other patients become aware when, during activities of 

daily life, the unaffected eye is inadvertently obstructed. Occasionally patients fail to detect 

the problem for months and first become aware when a secondary complication occurs, such 

as pain in the affected eye from neovascular glaucoma (more likely in eyes with CRVO than 

those with BRVO).

Retina specialists/ophthalmologists who make a diagnosis of RVO should communicate with 

the patient’s primary care provider. Medical history/physical is important to evaluate for 

comorbidities, make sure they are optimally controlled, and screen for symptoms and signs 

that could indicate systemic illness associated with a hypercoagulable state (Table 4A). 

Laboratory testing is guided by history and physical findings, and if there are nonspecific 

findings, serum protein electrophoresis is indicated to rule out multiple myeloma. Even in 

the absence of an abnormal history or physical, there are some situations, such as bilateral 

RVO or RVO in a young patient (Table 4B), that warrant additional testing to screen for 

thrombophilia or other systemic conditions associated with a hypercoagulable state (Table 

4A).

Management of RVOs

VEGF-A plays a critical role in RVO pathogenesis,115–120 which is also the case for two 

other highly prevalent retinal diseases, neovascular age-related macular degeneration (AMD) 

and diabetic retinopathy, and the development of VEGF-A antagonists that can be injected 

into the eye has revolutionized the management of these conditions.133 Monthly injections 

for 6 months of ranibizumab or aflibercept, a recombinant protein containing the VEGF 

binding domains of VEGFR1 and VEGFR2 fused to an Fc domain,134 was associated 

with mean BCVA improvement >15 letters in eyes with BRVO or CRVO.116,117,135–137 

This dramatic vision improvement occurred because ME was eliminated in most eyes. 

Bevacizumab is a full-length antibody directed against VEGF-A approved for use in 

oncology138 that was used off-label in RVO due to perceived efficacy and cost savings. 

The Study of COmparative Treatments for REtinal Vein Occlusion 2 (SCORE2) trial 

demonstrated non-inferiority of monthly injections of bevacizumab versus aflibercept 

with mean BCVA improvement >18 letters for each at the 6-month endpoint.139 In the 

Lucentis, Eylea, Avastin in Vein Occlusion (LEAVO) Study, aflibercept was non-inferior to 

ranibizumab at 100 weeks and bevacizumab was not non-inferior to ranibizumab.140 Thus, 

aflibercept and ranibizumab may be slightly better than bevacizumab for the long-term 

treatment of some patients with CRVO, but in general the three available anti-VEGF agents 
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have excellent efficacy in RVO, and since bevacizumab is much less expensive, it is widely 

used at the outset of treatment. If outcomes are suboptimal with bevacizumab, a switch to 

aflibercept or ranibizumab is considered.

Contrary to expectations, approximately half of BRVO patients and 56–75% of CRVO 

patients still require anti-VEGF injections to control ME ≥5 years after starting 

treatment.141,142 Evaluation of patients over time demonstrated large improvements in 

BCVA during initial periods of frequent treatment, that declined when injection frequency 

was reduced.142 An alternative dosing approach, treat-and-extend, seeks to identify the 

longest period between injections without recurrent edema, and short-term outcomes 

with this strategy are good.143,144 SCORE2 investigators compared treat-and-extend with 

monthly injections and could not conclude treat-and-extend was non-inferior with regard to 

visual outcomes due to wide confidence intervals on the differences between groups,144 and 

long-term outcomes are unknown.

In some patients with CRVO or BRVO, monthly anti-VEGF injections for 3–6 months 

does not eliminate ME. A possible explanation is that multiple pro-permeability factors are 

upregulated in hypoxic retina, and while VEGF suppression is sufficient to eliminate edema 

in most patients, other factors may contribute enough in some patients to cause persistent 

edema despite VEGF suppression.145 Steroids reduce production of several pro-permeability 

factors, providing rationale for steroid-based treatments. In the SCORE trial, approximately 

25% of eyes with CRVO or BRVO that received intravitreous injections of 1 or 4mg of 

triamcinolone acetonide every 4 months for 12 months improved ≥15 letters.130,146 This 

demonstrates benefit of steroid monotherapy in RVO, although it should be noted that 

in BRVO the benefit was similar to grid laser,146 and in both BRVO and CRVO, the 

benefit was less than the 45–70% of RVO eyes that improve ≥15 letters after monthly anti-

VEGF injections.116,135–137,139 The dexamethasone intraocular implant, a sustained delivery 

formulation of dexamethasone, also showed benefit in RVO eyes.147 The dexamethasone 

implant was approved for injection every 6 months and with that regimen, outcomes have 

been inferior to prn ranibizumab.148–150 In clinical practice, is the dexamethasone implant 

is often given as frequently as every 3 months. Intraocular steroids promote cataract and 

may increase intraocular pressure, which has relegated them tosecond-line treatment, but 

they can be useful in RVO eyes that respond suboptimally to frequent anti-VEGF injections, 

particularly in patients who have already had cataract surgery and are not prone to steroid-

induced glaucoma. There is no indication for thrombolytics in RVO and administration of 

anticoagulants is only recommended in patients with a known underlying thrombophilia.

Future research

In most patients with RVO, frequent intravitreous injections are needed for many years and 

it is difficult to maintain the visit and injection frequency needed for optimal outcomes.142 

The situation is similar in patients with neovascular AMD and diabetic ME and, therefore, 

there is high motivation to develop more durable treatments. One approach is a surgically 

implanted refillable reservoir that slowly releases ranibizumab into the eye. In patients 

with neovascular AMD in which the reservoir was filled with 100 mg/ml ranibizumab, the 

median time to first refill was 15 months and visual outcomes were similar to monthly 
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ranibizumab injections.151 A second approach also being tested in neovascular AMD is 

incorporation of a VEGF receptor antagonist into polymeric microparticles that provide 

sustained delivery after intravitreous injection (ClinicalTrials.gov Identifier: NCT03249740). 

A third approach is gene transfer to provide sustained expression of a VEGF-neutralizing 

protein in the eye. Proof-of-concept for this approach has been obtained with intravitreous 

injection of an AAV2 vector expressing modified soluble VEGFR1 which resulted in 

detectable expression of the therapeutic protein in the highest dose cohort and evidence 

of benefit in some patients.152 Compared with intravitreous injection, subretinal injection of 

AAV vectors provides much higher expression, and subretinal injection of an AAV8 vector 

expressing an anti-VEGF protein resulted in strong efficacy in models of VEGF-induced 

vascular leakage or neovascularization.153

Conclusion

Acute retinal vascular occlusions represent an important cause of visual loss. Although 

current diagnosis requires a detailed ocular examination, teleophthalmology and new 

technology such as artificial intelligence may allow immediate diagnosis when no eye care 

provider is available. Increased awareness from patients and healthcare providers will allow 

for prompt multidisciplinary management, which will hopefully translate into better visual 

outcomes. Thrombolysis in CRAO and various drug delivery approaches in RVOs are being 

evaluated with the goal of improving patients’ outcomes.
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Figure 1: Anatomy of the blood supply to the eye
The arterial blood supply to the eye comes mostly from vascular networks originating from 

the ophthalmic artery, the most distal branch of the internal carotid artery. The central retinal 

artery is a branch of the ophthalmic artery that enters the optic nerve approximately 10–12 

mm behind the eye and supplies the inner layers of the retina. At the level of the optic nerve 

head the central retinal artery divides into superior and inferior branches. The outer layers 

of the retina are supplied by the choroidal arteries, which originate from the posterior ciliary 

arteries (also branches of the ophthalmic artery). The retinal veins follow the retinal arteries, 

and the superior and inferior retinal veins join at the level of the optic disc where the central 

retinal vein enters the optic nerve, adjacent to the central retinal artery. The central retinal 

vein travels posteriorly in the optic nerve and exits the optic nerve in close proximity to the 

central retinal artery to join the superior and inferior ophthalmic veins which drain into the 

cavernous sinus. Both the central retinal artery and vein travel though the lamina cribrosa, a 

mesh-like connective tissue structure at the level of the scleral canal.

The optic nerve is vascularized by a different circulation derived from the ophthalmic artery: 

the posterior part of the optic nerve is supplied by a surrounding pial plexus originating from 

small branches off the ophthalmic artery posteriorly and from the posterior ciliary arteries 

anteriorly; the optic nerve head receives its arterial blood supply from an anastomotic 

arterial circle (the circle of Zinn–Haller), formed by anastomoses among side branches 
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of the short posterior ciliary arteries, branches from the nearby pial arterial network, and 

branches from choroidal vessels.
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Figure 2: Acute left central retinal artery occlusion (CRAO) secondary to a left internal carotid 
artery stenosis
(A) Fundus photograph from a 68 year-old man with acute CRAO in the left eye. The 

ischemic retina appears whitish and the normally perfused fovea (from the choroidal 

circulation) is dark red in contrast, consistent with a so-called “cherry-red spot” (short 

arrow). Platelet-fibrin emboli are seen migrating in the inferior branches of the central 

retinal artery (long arrows). (B) Optical coherence tomography (OCT) of the macula 

showing a cut through the fovea. The ischemic inner retinal layers are thickened (black 

arrow) whereas the outer retinal layers are normal. (C, D) Brain MRI (axial cuts, diffusion-

weighted images) performed 24 hours after onset of visual loss demonstrates multiple small 

acute areas of infarction as small hypersignals in the left hemisphere (arrows). (E) Magnetic 

resonance imaging (MRA) of the neck and great vessels shows a severe atheromatous 

stenosis at the origin of the left internal carotid artery.
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Figure 3: Variability at presentation in patients with central retinal vein occlusion (CRVO)
(A) A wide angle fundus photograph from a patient who presented with a mild CRVO 

shows dilated and tortuous retinal veins (small arrows), edema of the optic disc and 

surrounding retina (large arrow), and small hemorrhages scattered in all 4 quadrants of 

the retina (arrowheads). There is eye lash artifact inferiorly due to shadows cast on 

the retina from the eye lashes (asterisks). (B) Fluorescein angiography of same patient 

shows tortuous veins (small arrows) and blocked fluorescence from the small hemorrhages 

(arrowheads). The retinal capillaries are well-perfused throughout the posterior retina. Most 

of the dark areas inferiorly are due to shadowing from eye lashes (asterisks). (C) A spectral 

domain optical coherence tomography (SD-OCT) scan through the fovea shows intraretinal 

fluid (dark spaces within the retina, asterisks) and a small collection of fluid under the 

retina (circle). (D) A wide angle fundus photograph from a patient who presented with 

a moderately severe CRVO shows retinal hemorrhages (arrowheads) which are confluent 

in the posterior pole and scattered throughout the peripheral retina. There are several 

white cotton wool patches caused by infarcts in the nerve fiber layer (small arrows). 

(E) Fluorescein angiography shows blocked fluorescence from the retinal hemorrhages 

(arrowheads) and retinal nonperfusion (RNP) temporally and inferonasally (asterisks). (F) 

SD-OCT through the fovea shows massive edema.
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Figure 4: Variability at presentation in patients with branch retinal vein occlusion (BRVO)
(A) A wide angle fundus photograph from a patient who presented with a mild BRVO 

shows only a few small hemorrhages (arrowheads). (B) Fluorescein angiography shows 

blocked fluorescence from hemorrhages (arrowheads) and good retinal perfusion. The dark 

area superiorly is sometimes seen at the edge of an image due to inadequate pupillary 

dilation and is not RNP. (C) A spectral domain optical coherence tomography (SD-OCT) 

scan through the fovea shows many dark cystoid spaces (asterisks). The white line along 

the surface is an epiretinal membrane that is incidental to the BRVO and is not visually 

significant (small arrows). (D) A wide angle fundus photograph from a patient who 

presented with a moderately severe BRVO shows retinal hemorrhages extending from the 

site of occlusion out to the periphery of the superotemporal retina (arrowheads). There are 

a few cotton wool patches (small arrows). (E) Fluorescein angiography shows mild blocked 

fluorescence from retinal hemorrhages (arrowheads) and staining of vessel walls (arrows) 

throughout the region drained by the occluded vein with RNP in the periphery (asterisks). 

(F) SD-OCT shows small areas (circles) of fluid under the fovea and cystoid spaces of 

intraretinal fluid (asterisks) that are larger temporal to the fovea than nasal to the fovea.
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Table 3:

Treatments proposed for the treatment of acute central retinal artery occlusion

Mechanism Proposed effect Comments

Dislodging emboli Reperfuse retina

 -Ocular massage Decrease intraocular pressure and induce retinal arteriolar 
dilation

No effect shown

 -Nd:Yag laser embolectomy Removes embolus Controversial
50% vitreous hemorrhage

Increasing retinal artery perfusion 
pressure

Reperfuse retina

 -Lower intraocular pressure with 
medications

Decrease intraocular pressure and induce retinal arteriolar 
dilation

No effect shown

 -Anterior chamber paracentesis Rapid decrease in intraocular pressure leading to dilation 
of retinal arteries with subsequent distal migration of 
embolus

Anecdotal effect

Vasodilation Stimulates distal migration of embolus

 -Hyperventilation or inhalation of 
carbogen

Increase blood CO2 with subsequent vascular dilation No effect shown

 -Induce vasodilation (sublingual 
isosorbide dinitrate)

Induce retinal arteriolar dilation with subsequent distal 
migration of embolus

No effect shown

 -Increase erythrocyte flexibility 
(pentoxifylline)

Increase red blood cell flexibility, reduce blood viscosity, 
increase tissue perfusion

Shown to increase retinal artery 
blood flow

Increase blood oxygen tension Increase amount of oxygen delivered to ischemic retina

 -Hyperbaric oxygen Supportive measure until spontaneous reperfusion of retina 
occurs

Anecdotal effect

Thrombolysis Dissolution of fibrin-based clots

 -Intravenous tPA Reperfusion of retina Retrospective studies with 
variable results

 -Intra-arterial tPA in ophthalmic artery Selective reperfusion of retina EAGLE trial negative
Retrospective studies with 
variable results
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