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Abstract

Central retinal artery occlusion (CRAO) is an

ophthalmic emergency and the ocular ana-

logue of cerebral stroke. Best evidence reflects

that over three-quarters of patients suffer

profound acute visual loss with a visual acuity

of 20/400 or worse. This results in a reduced

functional capacity and quality of life. There is

also an increased risk of subsequent cerebral

stroke and ischaemic heart disease. There are

no current guideline-endorsed therapies,

although the use of tissue plasminogen acti-

vator (tPA) has been investigated in two

randomized controlled trials. This review will

describe the pathophysiology, epidemiology,

and clinical features of CRAO, and discuss

current and future treatments, including the

use of tPA in further clinical trials.
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Introduction

Central retinal artery occlusion (CRAO) was

first described by von Graefes in 1859.1 It is

analogous to an acute stroke of the eye and is an

ophthalmic emergency. The incidence is

estimated to be 1 in 100 000 people and accounts

for 1 in 10 000 ophthalmological outpatient

visits.2 A prospective study of 260 eyes with

CRAO showed that people suffer profound

monocular visual loss, with 80% of patients

having a visual acuity (VA) of 20/400 or worse.3

This reduction in vision increases the fall risk

and thus results in increased dependency, and

in worst-case scenarios leads to institutional

care.4 CRAO signifies end-organ ischaemia and

often the underlying atherosclerotic disease. It is

the same underlying atherosclerotic risk factors

that in turn place an individual at risk of future

cerebral stroke and ischaemic heart disease.

Although analogous to a cerebral stroke, there

is currently no guideline-endorsed evidence for

treatment. Current options for therapy include

the so-called ‘standard’ therapies, such as

sublingual isosorbide dinitrate, systemic

pentoxifylline or inhalation of a carbogen,

hyperbaric oxygen, ocular massage, globe

compression, intravenous acetazolamide and

mannitol, anterior chamber paracentesis, and

methylprednisolone. None of these therapies

has been shown to be better than placebo.5

There has been recent interest in the use of

tissue plasminogen activator (tPA) with two

recent randomized controlled trials on the

treatment of acute CRAO.6,7

The aim of this review article is to provide a

comprehensive overview of the epidemiology,

risk factors, and clinical presentation of CRAO,

but more importantly to review the evidence for

treatment.

Materials and methods

For this review, we searched PubMed, The

Cochrane Database, and The ACP Journal Club

for the highest level of ‘best evidence’ from 1990

to 2012, including early release publications.

Search terms included: ‘central retinal artery

occlusion’, ‘retinal artery occlusion’, in

conjunction with ‘thrombolysis’, ‘treatment’,

and ‘therapeutics’. In PubMed, the ‘search

builder’ tool was used for the topic ‘retinal

artery occlusion’, and subsearch categories

added to this via search builder were:

‘classification’, ‘complications’, ‘diagnosis’,

‘drug therapy’, ‘epidemiology’, ‘aetiology’,

‘mortality’, ‘pathology’, ‘physiopathology’,

and ‘therapy’.
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The abstracts were reviewed by two authors (AWL and

CSC) and full articles were subsequently looked at, based

on the priority of relevant content. Full articles and

references were obtained and references checked for

additional material where appropriate.

Anatomy and pathophysiology

The central retinal artery (CRA) is a branch of the

ophthalmic artery (OA), which is the first branch of the

internal carotid artery.8 The CRA supplies blood to the

surface layer of the optic disc. From here it divides into

two main branches (superior and inferior); these then

further divide into temporal and nasal branches, which

supply blood to the four quadrants of the retina.9

The outer retina is supplied by the choriocapillaris

of the choroid that branches off the ciliary artery.

Both of these must be functioning to maintain retinal

function, as both CRA and ciliary artery originate

from the OA.

One important variation to this is the presence of a

cilioretinal artery. A study on 1000 consecutive patients,

using fundus fluorescein angiography (FFA), found a

cilioretinal artery to be present in 49.5% of patients.10

When present, it supplies the papillomacular bundle,

which contains the maximum amount of photoreceptors

essential for central vision. In these patients, the macula

may still be perfused in acute CRAO. This means it is

possible for good vision to be maintained. However, this

does not always occur. A detailed study of 260 eyes with

CRAO showed the presence of cilioretinal artery in 35

eyes. Of these, 60% had an initial VA of 6/30 or worse.3

Such poor results are due to the variability in size of the

cilioretinal artery and the area it supplies. Therefore,

CRAO infarcts will deprive retinal blood supply,

reducing the thickness of the inner retinal layers.

However, a cilioretinal artery, if present, will maintain

the thickness of the retina to variable extents, depending

on how much of the retina it supplies.3

The exact location where CRAO occurs is debated.

Anatomical studies show that the narrowest part of the

CRA lumen is where it pierces the dural sheath of the

optic nerve and not the lamina cribrosa, and that this was

the most common location where CRAO occured11

(Figure 1). Embolism is the most common cause of

CRAO, the major source of this being carotid artery

disease, usually due to atherosclerotic plaques. Carotid

stenosis and the heart are other important sources of

emboli.9 In all, 74% of these emboli are shown to be made

of cholesterol, 10.5% were calcific material, and 15.5%

were fibrin.12 It is equally probable that an occlusive

thrombus13 at the level immediately posterior to the

lamina cribrosa also causes CRAO.14

Once the CRA is occluded, the ability of the retina to

recover depends on whether the offending embolus or

thrombus is dislodged, and more importantly by the

retinal ischaemic tolerance time.15,16 Conclusions from

electrophysiological, histopathological, and

morphometric studies showed that in old atherosclerotic

hypertensive rhesus monkeys, no detectable damage was

done with CRAO of 97 min. However, between 105 and

240 min there was a variable degree of partial retinal

recovery seen on visual-evoked potential.16 A large

degree of interindividual variability in regard to the

relationship between the length of CRAO and the extent

of retinal damage was found. At 240 min, complete or

almost total optic nerve atrophy and nerve fibre damage

resulting in massive irreversible retinal damage was

found in all eyes.16 This suggests that the time window

for intervention is finite and inversely proportional to the

degree of recovery. The exact retinal tolerance time when

irreversible damage occurs is not yet known, but would

appear to be no longer than 4 h.16

Types of CRAO

CRAO can be divided into four different subclasses:3

(1) Non-arteritic permanent CRAO (Figure 2).

(2) Non-arteritic transient CRAO.

(3) Non-arteritic CRAO with cilioretinal sparing

(Figure 3).

(4) Arteritic CRAO (Figure 4).

Figure 1 Figure showing the narrowest part of the central
retinal artery (common site for embolus), where it pierces the
dural sheath of the optic nerve (arrowhead) and showing the site
of an thrombus in the central retinal artery behind the lamina
cribrosa (star). Abbreviations: PCA, posterior ciliary artery;
CRA, central retinal artery; ON, optic nerve; dura, duramater;
Pia, piamater (reproduced from)65.
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(1) Non-arteritic permanent CRAO

The majority of CRAOs are caused by platelet fibrin

thrombi and emboli as a result of atherosclerotic disease

and account for over two-third of all CRAO cases.17–19

Risk factors for non-arteritic CRAO include: arterial

hypertension, diabetes mellitus, carotid artery disease,

coronary artery disease, transient ischaemic attacks

(TIAs) or cerebral vascular accidents, and smoking

tobacco. These have been found to be significantly more

common in patients with CRAO than in the general

population. A recent aged-matched cohort study,

including 249 patients (289 eyes) with CRAO, confirms

these associations with the addition of renal disease.20

Other risk factors are a family history of any type of

vascular disease. In younger patients (under 50 years),

proatherogenic states, such as hyperhomocystenemia,

factor V Leiden, protein C and S and anti-thrombin

deficiencies, anti-phospholipid antibodies or

prothrombin gene mutations, sickle cell disease, and

migraine due to vasospasm and paraneoplastic

syndromes may all contribute to non-arteritic CRAO.17

Ocular risk factors can include raised intraocular

pressure, optic nerve head drusen, and a preretinal

arterial loops. These result in reduced perfusion pressure

across the optic nerve head.21,22

(2) Non-arteritic transient CRAO

Non-arteritic transient CRAO (transient monocular

blindness) accounts for 15–17% of CRAOs and has the

best visual prognosis.3,23 This is analogous to a TIA

affecting the eye. The restoration of blood flow to the

CRA then results in symptom resolution.

Transient vasospasm due to serotonin release from

platelets on atherosclerotic plaques has also been

suggested as a mechanism of transient CRAO in animal

models.24

(3) Non-arteritic CRAO with cilioretinal sparing

A cilioretinal artery has been found to be present in as

much as 49.5% of patients.10 Whether or not its presence

Figure 2 Colour fundus photograph of the right eye showing
acute CRAO with cherry-red spot and cattle trucking of the
arterioles.

Figure 4 (a) Colour fundus photograph of a left eye with arteritic CRAO showing features of retinal infarction with cherry-red spot.
(b) Corresponding FFA showing medial posterior ciliary artery occlusion.

Figure 3 Colour fundus photograph of the right eye showing
CRAO with cilioretinal artery sparing with orange-perfused
retina in the distribution of the cilioretinal artery, but the rest of
the retina were pale and infarcted.
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results in preserved perfusion to the retina depends upon

how much of the retina it supplies.3

(4) Arteritic CRAO

Arteritic CRAO, which is always due to giant cell

arteritis, has been found to occur in approximately 4.5%

of CRAO cases.3

Clinical presentation

The following five aspects should be covered when

evaluating CRAO clinically:

(1) History of visual loss to confirm the diagnosis of

CRAO.

(2) An evaluation of clinical risk factors that may need to

be modified.

(3) General physical examination findings.

(4) Ocular examination/investigation findings.

(5) Ancillary investigation findings.

(1) History

CRAO usually presents with sudden, painless monocular

vision loss. Snellen VA of counting fingers or worse is

found in 74% of patients with a visual field defect.3 If a

cilioretinal artery is present, the central vision may be

preserved.

An evaluation of atherosclerotic risk factors, such as a

family history of cerebrovascular and cardiovascular

disease, diabetes, hyperlipidaemia, a past history of

atherosclerotic cardiac or cerebrovascular disease,

valvular heart disease, or transient ischaemic events,

such as transient monocular blindness, TIAs, or anginal

symptoms should be sought.25–35

In those where there is no atherosclerotic risk factors,

especially in the young patient, other less common

factors should be explored. These include the presence of

vasculitis, sickle cell disease, myeloproliferative

disorders, hypercoagualable states, and the use of the

oral contraceptive pills or intravenous drugs.21,35

(2) Physical examination

This can be divided into (1) ocular findings to confirm the

diagnosis and exclude other causes of monocular vision

loss, and (2) assessment of vascular risk.

Ocular evaluation The fundoscopic findings in

CRAO vary based on time from event and by type of

CRAO. Early findings performed within 7 days of CRAO

showed the following results: retinal opacity in the

posterior pole (58%), cherry-red spot (90%), cattle

trucking (19%), retinal arterial attenuation (32%), and

optic disk oedema (22%) and pallor (39%).36

At later stages based on survivorship curves,

fundoscopic findings showed optic atrophy (91%), retinal

arterial attenuation (58%), cilioretinal collaterals (18%),

Figure 5 Fundus photographs showing a retinal embolus. (a)
Cholesterol embolus, (b) fibrin platelet embolus, and (c) calcific
embolus.
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and macular retinal pigment epithelial changes (11%).

CRAO with cilioretinal artery sparing was associated

with a lower incidence of all macular and optic disk

abnormalities. Transient CRAO had greatly varied

fundoscopic findings.36 CRAO can also be divided into

stages based on the severity of VA loss and fundoscopy.

This is useful in predicting prognosis.3,19,37 Another

finding in this study was that intra-arterial (IA) emboli

were observed in 20% of patients on fundoscopic

examination.36 This is important, as the morphological

appearance of emboli can aid in determining the cause of

CRAO (Figure 5). For example, the presence of small,

yellow, and refractile plaques, the ‘Hollenhorst plaques’,

suggest cholesterol emboli, while single, white, non-

scintillating plaques located in the proximal retinal

vasculature are due to calcific emboli, and fibrino-

platelet emboli are seen as small pale bodies.34,38

It is important to look at the contralateral eye as there

may be clues to possible underlying pathology, such as

hypertensive retinopathy, arteriole changes, or previous

vaso-occlusive diseases. Further ophthalmologic

investigations can suggest the aetiology of the CRAO.

For example, increased intraocular pressures, the

presence of pre-retinal arterial loops, and drusen on the

optic nerve head may predispose to a CRAO as that

reduces the mean arterial perfusion across the optic

nerve head. If ophthalmoscopy reveals the presence of

hypertensive or sickle cell retinopathy, it can suggest the

presence of small vessel disease.

FFA will show delayed filling of the affected vessels,

reduced arterial calibre, and ‘cattle trucking’ of the blood

column in the retinal branch arteries (Figure 6).39 Optical

coherence tomography may demonstrate an increased

inner retinal layer thickness in the acute phase due to the

retinal oedema and optic nerve swelling.40

Assessment of vascular risk Physical examination should

be undertaken with a focus on the cardiovascular system

to determine potential causes. The radial pulse rate and

rhythm are important, as irregularly irregular rhythms

suggest atrial fibrillation, which is a risk for embolic

phenomena. Measuring blood pressure is essential given

the relationship between CRAO and hypertension. Scalp

tenderness and examination for nodular temporal

arteries should be performed to eliminate suspicion of

temporal arteritis. In young patients, thorough

examination should be carried out to identify potential

autoimmune connective tissue diseases that may

predispose to vasculitis.

(3) Investigations

Arteritic CRAO and subsequent visual loss results in

patients with temporal arteritis. CRA can arise from the

OA by a common trunk with medial posterior ciliary

artery (PCA) (in 40.4% cases) or with the lateral PCA (in

12.5%) or with medial and lateral PCA (in 6.7%). If the

occlusion takes place in the common trunk near its origin

from the OA, it will occlude both CRA and one or both

PCAs. Hence, CRAO can be seen in temporal arteritis.41

As a result, all patients over 50 years of age with CRAO

and a waxy pale optic disc should be investigated for

Figure 6 FFA of the right eye showing a delay in the arterial filling in CRAO at 32 s, 1 m 40 s, 3 min 44 s, and 5 min 35 s.
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temporal arteritis. FFA and inflammatory markers, such

as erythrocyte sedimentation rate (ESR), C-reactive

protein (CRP), and platelet count, should be performed.41

These cases should be treated promptly with steroid to

prevent contralateral eye vision loss.

A recent single-centre retrospective audit

demonstrated that 64% of patients suffering a CRAO had

at least one new undiagnosed vascular risk factor, the

most common being hyperlipidaemia (36%), followed by

hypertension (27%) and diabetes (12%).18 In addition,

27% of patients had an ipsilateral carotid stenosis of

450%, indicating long-standing atheromatous disease.

The result is analogous to another study, which found

that 31% of patients had ipsilateral carotid stenosis of

450 and 71% had atherosclerotic plaques. In all, 52%

had an abnormal echocardiogram, suggesting a

cardioembolic source.9

Table 1 summarizes the recommended investigations

for vascular workup.

Management

The management of CRAO should be divided into:

(A) Acute: Attempt to restore ocular perfusion to the

CRA.

(B) Subacute: Preventing secondary neovascular compli-

cations to the eye.

(C) Long term: Preventing other vascular ischaemic

events to the eye or other end organ.

Acute management of CRAO

CRAO is a classic case of ‘a disease without treatment

has many treatments’.42 Before discussing therapies for

CRAO, the natural history of the disease suggests that

spontaneous visual improvement can occur in CRAO.

However, the extent of improvement depends greatly on

the type of CRAO and the duration of the CRAO.3

Meaningful improvement, such as a three line

improvement on a Snellen chart only occurs in 10% of

people with spontaneous reperfusion.43 People suffering

from CRAO usually have a VA of 20/200 or worse.

The major barriers to effective treatment for CRAO

include that people are rarely seen acutely and there is no

consensus for treatment or guideline-based therapy.44

Current literature suggests two main types of

treatment for acute non-arteritic CRAO. The first is called

‘standard’ non-invasive measures and second is the use

of thrombolytics, which can be deployed intravenously

or intra-arterially.

Standard non-invasive therapies include:

(i) Use of sublingual isosorbide dinitrate or systemic

pentoxifylline or inhalation of a carbogen, hyperba-

ric oxygen, to increase blood oxygen content

and dilate retinal arteries.2,43,45,46

(ii) Ocular massage to attempt to dislodge emboli.47

(iii) Intravenous acetazolamide and mannitol, plus

anterior chamber paracentesis, followed by with-

drawal of a small amount of aqueous fluid from

the eye to increase retinal artery perfusion pressure

by reducing intraocular pressure.29,43,47,48

(iv) Multimodal stepwise conservative approaches

involving combinations of: ocular massage, globe

compression, sublingual isosorbide dinitrate, intra-

venous acetazolamide, followed by intravenous

mannitol, methylprednisolone, streptokinase, retro-

bulbar tolazoline, and different anticoagulants.2

Conservative types of treatment for acute CRAO

have been used either as monotherapy or as combination

therapy. The efficacy of such therapy varies between

6 and 49%, with a mean visual improvement rate

of 15–21%.5,49 Owing to the observational nature of much

of the data, some report a superior outcome to natural

history,9 but overall these therapies do not alter the

outcome more than the natural history of the

disease.43,50–52

To date, there have been two randomized controlled

trials investigating conservative treatments in the setting

of CRAO.5 They suggest that oral pentoxifylline and

Table 1 Suggested vascular workup for patients with CRAO

Exclude arteritic cause ESR, CRP, and platelet

Common vascular risk factors Blood pressure
Fasting cholesterol and profile
Fasting blood sugar level

Investigating for embolic sources Duplex carotid ultrasound
Echocardiogram

Young patients (age o50 years) with no vascular
risk factors

Hypercoagulable screen (protein C&S, factor V Leiden, anti-phospholipid antibody)
Vasculitic screen (ANA, ENA, ANCA, ACE)
Myeloproliferative or sickle cell disease (blood film)
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enhanced external counter pulsation may have a role in

the treatment of CRAO. Although greater retinal

perfusion after intervention was demonstrated, this did

not translate into an improved VA.

Thrombolysis in CRAO is designed to ‘dissolve’

fibrinoplatelet occlusion of the CRA in non-arteritic

CRAO. This is analogous to the treatment in acute

ischaemic stroke or coronary artery occlusion. Local IA

fibrinolysis has been used to re-canalize vessels in CRAO

since 1984.53–55 Its efficacy has been demonstrated in

small retrospective studies.19,44,53,55–59 Several open-label

observational trials have shown IA fibrinolysis to be

effective in CRAO with up to 60–70% of treated subjects

experiencing an improvement in VA.39,53,56,58,60 A

retrospective case–control study showed significantly

that treatment with IA thrombolysis within 4 h resulted

in better visual outcomes than in those treated later.56

The Johns Hopkins Hospital looked at 42 CRAO patients

between 1999 and 2006, with tPA delivered intra-

arterially in aliquots up to 15 h and noted a statistically

significant improvement of three lines or more of vision

improvement compared with control subjects who did

not receive thrombolysis.57 The European Assessment

Group for Lysis in the Eye (EAGLE) was a multicentred

prospective randomized controlled trial of 84 patients

with CRAO within 20 h of symptom onset. The study did

not find a statistically significant difference in clinical

improvement between the lysis and standard

therapy groups (60.0 vs 57.1%). However, the rate of

adverse events was far higher in the local IA

fibrinolysis compared with the standard therapy

group (37% compared with 4.3%).49

Thrombolysis can also be administered intravenously

as per standard ischaemic stroke thrombolysis protocol.

Intravenous administration has the theoretical advantage

of easier access without the need for specialized

interventional radiology set-up and reduced risk of

haemorrhagic complications.61,62 Its disadvantages

include increased risk of causing direct vascular injury,

increased risk of strokes, the requirement of a

neurointerventionalist, and a longer procedural time.56

An interventional case series showed significant visual

improvement of three Snellen lines or more seen in

patients treated with low-dose IA tPA (50 mg) within

6.5 h and concomitant intravenous heparin given to help

prevent reocclusion.63

In a study where intravenous tPA was administered at

24 h, no significant change in vision in acute CRAO was

noted, but subgroup analysis showed that the only

people who improved 43 lines were those who received

intravenous tPA within 6 h of onset.7 This study suggests

that the maximum retinal tolerance time for effective

reperfusion therapy could be up to 6 h after CRAO.

However, this therapy should be delivered as soon as

possible. This 6-h time window is similar to the results

seen by Hattenbach et al.63

These results are slightly different to the pioneering

work carried out by Hayreh et al16 on Rhesus monkeys.

Their study showed that irreversible damage is done to

the retina at 240 min after CRAO.16 Therefore, based on

all results from animal and human studies, it would

seem that ‘time is tissue’ and that there is a finite time

window for effective reperfusion therapies to be

administered.

If one considers the data from above studies on

humans and animals, previous knowledge of reperfusion

in cardiac, cerebral, and peripheral vascular circulations,

then time is of the essence. Thus, the failure to

demonstrate efficacy in the EAGLE study lies in the

selection of a 24-h time window when it is known that

only a rare subgroup of individuals have viable tissue

after such a long period of time.

The EAGLE study and the randomized controlled trial

by Chen et al7 and Schumacher et al49on intravenous tPA

provide important information on adverse events after

thrombolysis.7,49 The published observational data

suggested that the risk of cerebral stroke and

haemorrhage was low. This is in stark contrast to the

findings of both randomized controlled trials, which

demonstrated that the risk of haemorrhage is certainly

not negligible and occurs in about 10% of cases.7,49 Thus,

future studies must factor the potential of adverse events,

which at times may be life threatening and balance this

with the eyesight-preserving benefits of tPA delivered

within as short a time window as possible.

(B) Preventing ocular neovascularization complication

in the eye

Another complication of CRAO is the risk of

neovascularization (Figure 7) and subsequent glaucoma.

Figure 7 Fundus photograph of the left eye showing neovas-
cularization of the disc after CRAO.
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There is debate in the literature regarding its prevalence

and aetiology following CRAO. The reported prevalence

on neovascularization after CRAO varies from 2.5

to 31.6%.64 Hayreh et al20 showed no cause–effect

relationship between CRAO and ocular

neovascularization in their cohort of 232 patients

with CRAO.20 On the other hand, Rudkin et al64 showed

a temporal relationship between the CRAO and

neovascularization events, and the patients who

developed neovascularization did not have other clinical

features, such as diabetes or an association with a

haemodynamically significant stenosis of the carotid

artery to account for the neovascularization other than

CRAO. As such, there is no consensus on the best follow-

up regimen after CRAO to detect the ocular neovascular

complications and optimally manage CRAO.

Neovascularization after CRAO tend to occur around

8 weeks (range 2–16 weeks).64 Therefore, prudent

clinical practice would be to review all patients with

acute CRAO at regular intervals as early as 2 weeks, and

then monthly up to 4 months after CRAO.64

(C) Long term: preventing other vascular ischaemic

events to the eye or other end organ

The optimal management of CRAO needs to address

systemic atherosclerotic risk factors to reduce secondary

ischaemic events. Rudkin et al18 noted that 64% of CRAO

patients had at least one new vascular risk factor found

after the retinal occlusive event, with hyperlipidaemia

being the most common undiagnosed vascular risk factor

at the time of the sentinel CRAO event (36%).18 The

recommended vascular review and investigations must

be performed as systemic ischaemic events (cerebral

stroke and acute coronary syndrome) occurred in two

patients in this study. Thus, patients presenting with

CRAO often have a previously undiagnosed vascular

risk factor that may be amenable to medical or surgical

treatment. Further, this population is at high risk of

secondary ischaemic events, so risk factor modification

is prudent.

Conclusion

CRAO should be considered as an ocular emergency and

is the ocular analogue of cerebral stroke. The same

atherosclerotic risk factors that predispose to cardio,

peripheral, and cerebrovascular disease are present in

CRAO, and these must be actively evaluated to prevent

further medical comorbidities. Effective treatment of

CRAO must target acute reperfusion of the CRA,

prevention of ocular complications, and vascular

review to prevent further end-organ ischaemia.
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