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SUMMARY 
 
 

The aim underpinning this thesis is to define the best management of acute 

central retinal artery occlusion (CRAO). Currently, there are no effective treatments 

for this condition and patients often suffer profound, permanent vision loss. 

 

In this thesis, I review the literature on the current management of acute 

CRAO and evaluate subsequent visual outcomes. The management of CRAO 

involves three aspects: early reperfusion, treatment of secondary vascular risk factors 

and potential treatment of local ocular complications.   

 

Early reperfusion strategies can be broadly divided as non-thrombolytic and 

thrombolytic.  Non-thormbolytic treatments include measures such as ocular 

massage to dislodge the embolus and paracentesis to change the perfusion pressure 

across the optic nerve head. The management of acute management of CRAO is at 

the discretion of individual ophthalmologist and can vary significantly.  I review the 

current practice in two teaching hospitals and show that despite differences in 

management of CRAO between two institutions in different countries, visual 

outcomes are similar. This suggests a lack of efficacy of current standard treatment 

in acute CRAO. 

 

Thrombolytics have emerged as potential therapeutic options and I evaluated 

the feasibility of the novel treatment option of thrombolytic in the treatment of acute 

CRAO.  This showed that thrombolysis is a biologically feasible treatment option in 

acute CRAO and patients receiving thrombolysis had a better visual outcome than 

those treated with standard therapy alone.  A clinical trial protocol designed to 
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evaluate the effect of acute intravenous tissue plasminogen activator in CRAO was 

developed and I report on the outcomes of this randomized controlled trial. 

 

In the management of secondary vascular risk factors, a high proportion of 

patients presenting with CRAO often have an undiagnosed vascular risk factor.  In 

this study, 64% of patients had at least one undiagnosed vascular risk factor and a 

significant proportion required either the addition or escalation of existing 

macrovascular preventative medications and 18% required surgical intervention for 

carotid recanalization.  As this population is at high risk of secondary ischaemic 

events, risk factor modification is prudent to prevent further ischemic events.   

 

Neovascularisation is a local ocular complication following CRAO and in our 

study, the overall rate of neovascularisation was 18.2%.  There was a clear empirical 

correlation between thromboembolic CRAO and neovascularisation.  Given the 

association between neovascularisation and CRAO, prudent clinical practice would 

be to review all patients with acute CRAO at regular intervals as early as 2 weeks 

and up to 4 months post CRAO.  

 

The results from this thesis showed that for now, the use of intravenous 

thrombolysis cannot be recommended in routine clinical practice in acute CRAO.  

Further studies are required to determine the optimal time window for treatment and 

the adjuvant therapies for thrombolysis. I discuss the optimal management to limit 

the ocular neovascular complications and investigations to optimize the systemic 

atherosclerotic risk factors to reduce secondary ischemic events after CRAO.  
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1.1 INTRODUCTION 
 

Central retinal artery occlusion (CRAO) may be considered as an acute stroke 

of the eye, the most common etiology being a fibrin platelet thrombus or embolus 

that occludes the central retinal artery, leading to ischemia of the retina and optic 

nerve head with resultant visual loss.(1, 2) The visual prognosis of CRAO is poor 

with 61% of patients having a final visual acuity of 20/400 or worse.   This degree of 

severe unilateral visual impairment is associated with limitation in social functioning 

and poor mental health,(3) and is also associated with an increased risk of falls and 

becoming dependent.(4) In addition, it may also be the first manifestation of 

atheroscelerotic disease presaging either a cerebrovascular or cardiovascular event 

requiring preventative therapy.(5)   

 

Following diagnosis, prompt acute and on-going management needs to be 

instituted.  Current acute therapy aims to increase both retinal and optic nerve head 

perfusion by either arterial vasodilation, manually dislodging emboli or increasing 

retinal and optic nerve head perfusion pressure by decreasing intra-ocular pressure in 

relation to CRA blood pressure. However, these treatments have not been shown to 

improve visual acuity beyond the natural history of disease.(6-8) 

 

The aim of the work presented in this thesis was to optimize the management 

of acute central retinal artery occlusion (CRAO).  This literature review will discuss 

the pathogenesis of CRAO, the efficacy of current acute treatments and the rationale 

behind the novel treatment of CRAO with local intra-arterial thrombolysis.   
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1.2 REVIEW CRITERIA  

For this review, I searched the PubMed database for articles published from 

1990 to 2010 including early release publications. Search terms included “central 

artery occlusion”, “retinal artery occlusion”, “retinal vascular occlusion”, 

“thrombolysis” in conjunction with “eye” or “retinovascular”. The abstracts of 

retrieved citations were reviewed and prioritized by relevant content. Full articles 

were obtained and references were checked for additional material where 

appropriate.  

 

1.3 WHAT IS CENTRAL RETINAL ARTERY OCCLUSION ? 

CRAO is an acute occlusion of the CRA resulting in sudden painless 

monocular loss of vision.  The vision at presentation is usually only counting fingers 

or less in the affected eye.  The CRA is a branch of the ophthalmic artery which 

supplies the prelaminar part of the optic nerve and then branches into arterioles 

supplying the inner two thirds of the retina.(2) Infarction of the inner retina and 

intracellular oedema give rise to a pale retinal colour compared to its usual orange 

colour (Figure 1).  
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Figure 1 : Colour fundus photograph of the A) right, unaffected eye and B) left eye 

of the same patient showing signs of an acute CRAO.  The CRAO eye shows pallor 

of the retina compared to A) and the macula (M) is seen as a red spot against the pale 

retina, described as a “Cherry red spot” (arrow). The retinal arteries (a) and venules 

(v) are attenuated and there is thinning of the arterioles (arrowheads). ON Optic 

nerve; H Peripupillary hemorrhage. 

 
 

The macula is the thinnest part of the retina; the underlying choroid gives rise 

to a dark orange red color against the pale retina in acute CRAO. This is described as 

a “cherry red spot” (Figure 1B).   Other signs include a relative afferent pupillary 

defect and a visual field defect.  The retinal arterioles may have changes reflecting 

systemic arteriosclerosis with narrowing of the arterioles and venules and “box-

carring” of flow in both arterioles and veins (Figure 1B, arrowheads).  Investigation 

with a fundus fluorescein angiography shows a marked delay in filling of the CRA 

and its branches (Figure 2).  Venous filling is also slowed. 
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Figure 2 : Fundus Fluorescein angiography of an eye with acute CRAO showing 

limited and sluggish filling (arrowheads) of the retinal arteries (a) at 40 seconds after 

injection of fluroscein.  The veins (v) were not yet filling.  The macula (M) was not 

perfused. 

 

CRAO may be divided into 4 subclasses: 1) Non arteritic permanent CRAO; 

2) non arteritic transient CRAO; 3) non arteritic CRAO with cilioretinal sparing and 

4) arteritic CRAO.(1)  If the occlusion is transient, it behaves in a similar fashion to a 

cerebral transient ischemic attack and is termed a transient CRAO.  This accounts for 

15% of all CRAO cases and is the subtype most likely to have the best visual 

prognosis.  In the vast majority of CRAO cases, the occlusion is permanent resulting 

in infarction of the retina.   

 

The classification, as well as acute management, is dependent on the 

pathogenesis and may be broadly divided into arteritic CRAO and non-arteritic 

CRAO. Non-arteritic CRAO is the most common and accounts for more than two 



 19 

third of all CRAO cases.  Arteritic CRAO refers to vasculitic causes such as giant 

cell arteritis and accounts for 5% of all CRAO cases.  In 15-30 % of the population a 

cilioretinal artery arises from the ciliary circulation to supply a portion of the 

papillomacular bundle, the area where the concentration of photoreceptors is 

maximal and is essential for central vision.(9)  In this subset of people during an 

acute CRAO, the macula may still be perfused (Figure 3) and hence patients may 

still have good central visual acuity.  

  

 
 

Figure 3 : Cilioretinal artery sparing CRAO.  A) Color fundus photograph B) fundus 

fluorescein angiography.  The cilioretinal artery (C ) perfuses the superior part of the 

macula (M) and the patient had vision of 20/80 at presentation.  There is a 

peripapillary hemorrhage (H) temporal to the optic disc. 

 

1.4 PATHOGENESIS OF CRAO 

1.4.1 Thromboembolism  

The most common cause of CRAO is a thrombus or embolus that lodges in 

the CRA.  The nature of occlusion has been debated and it is felt that an acute 

thrombus more commonly causes a CRAO compared to an embolus that often is 
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smaller and causes a branch retinal arterial occlusion.(6)  The location of occlusion is 

usually immediately posterior to the lamina cribrosa,(7) the portion of the optic nerve 

adjacent to the sclera.  If the occlusion is anterior to the lamina cribrosa, the embolus 

may be visible on fundoscopy but this occurs in less than 20% of CRAO cases.(8, 

10)  

 

Patients with CRAO due to emboli have a higher mortality rate compared to 

those without emboli.(11, 12)  The majority of emboli originate from the heart or 

carotid arteries.  The composition of these emboli vary and include fibrin-platelet 

plugs, cholesterol plaques, and calcium fragments.(13)  In young patients (ie. age 

<45) with acute CRAO of embolic origin, a cardiac pathology such as atrial myxoma 

or other cardiac tumor (14) and congenital or rheumatic heart disease should be 

considered.(15)  In very rare situations, internal carotid artery emboli causing CRAO 

from a carotid artery dissection or aneurysm have been described.(16)  

 

The risk factors for CRAO are those for atherosclerosis.(17) Hypertension 

and diabetes are the most common associations. (17) Other associated atherosclerotic 

risk factors include hypercholesterolemia, smoking and a family history of 

macrovascular disease.(18, 19)  CRAO is also associated with coronary artery 

disease, atherosclerotic carotid disease and peripheral vascular disease. 

 

In young patients, proatherogenic states such as hyperhomocysteinemia, 

hypercoagulable states, such as those that occur in patients with Factor V Leiden 

deficiency, deficiency of protein C, protein S, or antithrombin III, antiphospholipid 

antibody and mutations in the prothrombin G20210A gene should be 

investigated.(20-23)  Other rare systemic disease reported to cause CRAO include 
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sickle cell disease (24)  and paraneoplastic syndromes;(25) both of which contribute 

to a hypercoagulable state.  In some patients, no significant atherosclerotic risk 

factors are found but there is a history of migraine,(26) suggesting a possible role of 

vasospasm in CRAO.  

 

1.4.2 Retinal vasculitis  

Vasculitides that affect large and medium-sized vessels may cause 

inflammatory occlusion of the CRA.(1)  Fortunately, these are uncommon and 

account for less than 5 % of CRAO cases.   Of these vasculitides, giant cell arteritis 

(GCA) is the most common and may produce unilateral or bilateral CRAO that is 

often, but not always refractory to treatment with systemic corticosteroids. Other 

causes of vasculitic/arteritic CRAO include systemic lupus erythematosus, 

polyarteritis nodosa, Takayasu’s aortitis, Wegener’s granulomatosus(27)  and rarely 

post viral infection such as Herpes zoster.(7)   

 

1.4.3. Iatrogenic 

  Iatrogenic causes of CRAO are rare but have been described in the context of 

autologous fat injection into the nasolabial groove, (28) intralesional steroid injection 

for eyelid capillary hemangioma,(29) or post spinal surgery.(30) The pathogenesis of 

peri-operative visual loss is not fully known and possibly multi-factorial. Postulated 

mechanisms include direct pressure on the eye and orbital structures during surgery 

from an incorrect positioning of a firm headrest that may cause a CRAO,(31) but 

both hypovolemia and hypotension have also been hypothesized as being 

contributing factors.(32)  Vinerovsky et al. reported two cases of CRAO from 

peribulbar anaesthesia and postulated these to be from the vasospastic effect of 

epinephrine on the retinal and optic nerve circulation.(33)  
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1.5 CURRENT ACUTE MANAGEMENT  

There is no consensus regarding acute management for CRAO.  This is partly 

because there are many variables involved, including the degree of vascular 

obstruction, the presence of a cilioretinal artery and the underlying pathogenesis.  

The rationale for acute treatment is to remove the blockage to the central retinal 

artery.   

 

Differing opinions exists as to how long after the artery is blocked that 

permanent visual loss occurs.(34-36) Early primate experiments suggested that the 

retina had an ischemic tolerance time of a mere 97 – 100 minutes.(35) However 

experiments in primate models representing an increased burden of atherosclerosis 

showed that recovery of retinal function could occur at up to 240 minutes post 

occlusion, resembling to a certain extent the therapeutic window of the ischemic 

penumbra in cerebral stroke.(34) Clinical improvement with intervention 24-48 

hours after the onset of CRAO has also been reported.(37)  

 

The following discussion on therapy concentrates mainly on non-arteritic 

CRAO of presumed thromboembolic origin that forms the majority of CRAO cases.  

It is important to note that any clinical suspicion of an arteritic CRAO, from giant 

cell arteritis, as well as other vasculitides, carries the risk of bilateral visual loss and 

is associated with a significantly increased mortality and morbidity.(38) These 

patients should be treated immediately and efforts made to establish the underlying 

diagnosis. For example, if giant cell arteritis is considered likely, the patient should 

have an erythrocyte sedimentation ratio (ESR) and C-reactive protein (CRP) assay 

drawn and then be treated immediately with high-dose intravenous corticosteroids, 
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following which the diagnosis can be confirmed with a unilateral or bilateral 

temporal artery biopsy.  

 

Current acute management of non arteritic CRAO can be divided into non-

invasive standard therapy versus invasive, local intra-arterial fibrinolysis therapy.  

Non-invasive therapy can be grouped into 4 main areas. 

 

1.5.1. Non-Thrombolytic Therapy 

1.5.1.A. Observation 

Physiologically, spontaneous recanalization of the occluded CRA may occur 

within 48-72 hours.  Spontaneous recanalization with restoration of retinal blood 

flow may be partial(10) and current reported spontaneous visual improvement rate 

varies from 1-10% of cases of non-arteritic CRAOs.(6, 39, 40) 

 

There is debate amongst various groups as to what constitutes a significant 

improvement in visual acuity. Some authors have suggested that a 2 - 3 lines or 

greater visual improvement on Snellen acuity chart is significant as it is considered a 

doubling of the visual angle(41) but occurs in less than 10% of  individuals who re-

perfuse spontaneously.(20)  

 

1.5.1.B. Dilation of retinal arteries and increasing oxygen content of blood   

Non-invasive interventions such as giving sublingual isosorbide dinitrate, 

systemic pentoxyfylline, inhalation of carbogen (a mixture of 95% oxygen and 5% 

carbon dioxide) or rebreathing of expired carbon dioxide have been tried.(20, 42-44) 

These treatments are thought to vasodilate the central retinal artery and thus increase 

retinal blood flow.  Physiologically, increases in retinal blood flow using retinal 
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Doppler ultrasonography have been shown but these studies did not document an 

association between clinical improvement in terms of visual acuity or visual field 

changes with increases in retinal blood flow.(45)  

 

Hyperbaric oxygen has also been tried, to increase diffusible oxygen content 

to the ischemic retina, but the results have been equivocal.(46)  

   

1.5.1 C. Attempts to dislodge embolus 

Measures to dislodge the emboli with ocular massage either directly or 

through a contact lens to allow observation of the retinal circulation at the same time 

have been described.(10)  Rumelt (42) assessed the success of using ocular massage 

with a three-mirror contact lens with the endpoint being improved retinal arterial 

blood flow defined as the reestablishment of continuous laminar flow, an increase in 

the width of the blood column, and disappearance of fragmented flow.  All the 

patients also received sublingual isosorbide dinitrate, intravenous acetazolamide, 

intravenous mannitol and oral glycerol. Only one out eight patients had improved 

retinal blood flow on this regimen, suggesting that ocular massage, alone or with 

measures to dilate the retinal arteries and lower intraocular pressure, has a limited 

success rate. 

 

1.5.1.D. Increasing retinal artery perfusion pressure by a reduction of intraocular 

pressure 

As mean ocular perfusion pressure is the difference between mean arterial 

pressure and intraocular pressure, attempts have been made to reduce the intraocular 

pressure and thus increase ocular perfusion.  Measures used include anterior chamber 

paracentesis and the withdrawal of a small amount of aqueous fluid from the eye, 
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intravenous acetazolamide or mannitol to acutely reduce intraocular pressure.(19, 20, 

42, 47)  

 

Most patients receive a combination of the above therapies.  Atebara et al. 

compared the efficacy of anterior chamber paracentesis and carbogen inhalation 

versus no acute treatment  but found no statistically significant differences between 

the treated versus the untreated group.(20)  Rumelt et al.(42) and Landa et al.(48) 

both evaluated the effect of a systemic step-wise approach starting from ocular 

massage, globe compression, sublingual isosorbide dinitrate, intravenous 

acetazolamide, followed by intravenous mannitol, methylprednisone and eventually 

intravenous streptokinase and retrobulbar tolazoline.  Both studies were limited by 

small patient numbers, but found a greater visual improvement in those who received 

multiple non-invasive interventions versus those who received few interventions.  

Importantly, Landa et al. concluded that all of their patients had decreased visual 

function post therapy.(48) 

 

1.5.2. Thrombolytic Therapy 

1.5.2.A. The rationale for thrombolytic therapy 

By far the most recent and exciting development in the treatment of CRAO is 

the use of thrombolytic therapy. Systemic and intra-arterial thrombolysis have been 

successful in restoring perfusion to ischemic tissue by fibrin-platelet clot lysis in 

ischemic stroke and myocardial infarction.(49-51) There are two main assumptions 

for the use of thrombolysis in CRAO: 1) that it is of a non-arteritic aetiology; and 2) 

the material occluding the CRA is a fibrin – platelet thrombus or embolus that can be 

lysed.  
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In several open-label studies, local intra–arterial fibrinolysis (LIF) was 

efficacious in the treatment of CRAO, with up to 60-70% of treated subjects 

experiencing an improvement in visual acuity (VA).(39, 40, 52, 53)  In contrast, 

subjects treated with standard therapy had a poor visual outcome consistent with 

previous natural history studies of CRAO.(7, 8)  

 

 

1.5.1.B. Administration of thrombolytics 

Intravenous and intra-arterial administration of streptokinase and tissue 

plasminogen activator (tPA) have both been used in patients with CRAO. Kattah et 

al.(54)  administered tPA intravenously and reported 10 out of 12 CRAO patients 

achieving some form of VA improvement with no thrombolytic related systemic or 

neurological complications.  However, 4 of these patients consequently developed 

neovascular glaucoma.   

 

Intra-arterial administration of thrombolytics delivered directly to the 

ophthalmic artery and hence to the CRA usually uses a continuous infusion of tPA 

with a dose range of between 40-80mg or urokinase in a dose range from 300,000 to 

1 million units.(52, 53, 55)  In several open-label studies, the efficacy of local intra–

arterial fibrinolysis (LIF) was demonstrated in CRAO, with up to 60-70% of treated 

subjects experiencing an improvement in visual acuity VA.(40, 52, 53, 56)  Reported 

adverse effects included ischemic cerebrovascular accidents, and both intracerebral 

and systemic bleeding.(39, 52, 55)  A United States Nationwide Inpatient Survey 

found that intra-arterial thrombolysis was given to 1.9% of patients presenting with 

CRAO and was offered in selected urban hospitals only.  There was no in-hospital 
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mortality or intracranial hemorrhage reported among any patient with CRAO treated 

with thrombolysis.(57)  

 

There have been several criticisms levelled at these early reports. The first is 

that a number of these studies deployed LIF beyond the 97 – 240 minutes that 

primate experiments showed was the maximal retinal ischemic tolerance time.  The 

second is the assumption that CRAO is caused by fibrin platelet thrombi that are 

lysable.  One early report demonstrated that 50% of visible emboli are of  cholesterol 

and such emboli would not respond to thrombolysis.(58)  However this study looked 

at visible emboli, but in CRAO, the majority of emboli occur at the level of the 

lamina cribrosa and hence are not visible on funduscopy. Therefore, one cannot 

assume that a study of visible emboli necessarily represents the frequency 

distribution of retinal emboli types in CRAO. 

 

The main controversy is whether the use of LIF results in an improvement in 

visual function that is above and beyond that found in the natural history of 

disease.(1) The studies listed to date have used variable measures of outcome, such 

as an improvement in VA of 1 line or more and have not necessarily included 

physiological secondary endpoints such as objective documentation of retinal blood 

flow on fluorescein angiography.(59) The lack of consistency of even a primary 

endpoint such as the number of lines of improvement of VA on a Snellen chart 

makes comparison between interventional and natural history studies difficult. In 

addition, questions still remains as to the route of administration and the optimal time 

window for therapy.  
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1.6 CONCLUSION 

In summary, all current acute managements have limited efficacy and are 

based on non randomized studies.  Of all the treatments to date, thrombolysis shows 

most promise.  A randomised controlled trial is required before recommendation for 

its use in daily clinical practice can be made. 
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2.1 PRECIS 
In this chapter, I investigated the visual outcomes after acute central retinal 

artery occlusion (CRAO) in patients administered current standard therapy at two 

university teaching hospitals : the John Hopkins Hospital (JHH) in the United States, 

and the Flinders Medical Centre (FMC), Australia.  The outcome measures were 

visual acuity, and subsequent ocular and systemic ischemic events. All patients from 

JHH were treated as inpatients, whereas 79% of patients from FMC were treated as 

outpatients. More patients in the JHH cohort underwent paracentesis, ocular massage 

or were treated with intraocular hypotensive agents (76%) than in the FMC cohort 

(26%).  However, there was no significant difference in visual outcome between the 

two cohorts (p = 0.114).  The results showed that despite differences in management 

of CRAO between two institutions in different countries, visual outcomes for 

patients were similar. This in turn suggests a lack of efficacy of current standard 

treatment in acute CRAO. 
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2.2 INTRODUCTION 

Central retinal artery occlusion (CRAO) is an ocular emergency, as it is a 

stroke of the eye caused by obstruction of the central retinal artery, usually by a 

thrombus or embolus (42, 60) that results in painless, disabling vision loss. 

Treatment of CRAO is problematic as both acute and secondary preventive therapies 

are based on observational studies rather than randomized controlled trials. Part of 

the problem is the low incidence of CRAO which represents 1 in 10,000 ophthalmic 

outpatient visits.(61) Therefore, any randomized controlled trial would require 

participation by multiple centers to achieve a sufficient number of subjects needed to 

demonstrate efficacy of any proposed therapy. Such a trial might best be performed 

via an international collaboration to ensure generalizability of this therapy to the 

global population at risk. 

 

As a prelude to such a trial, it would be useful to determine baseline 

characteristics, outcomes and current treatments for CRAO at different centers in 

different countries. Current acute management for CRAO varies depending on 

physician preference and treatment center protocol.  For example, in some hospitals, 

all CRAO patients are admitted to the stroke ward for secondary vascular prevention 

evaluation, whereas physicians in other hospitals routinely treat CRAO as 

outpatients. Current treatment of acute CRAO in most hospitals and eye centres 

around the world includes measures such as ocular massage, paracentesis, inhalation 

of a mixture of 95% oxygen and 5% carbon dioxide (carbogen), and other methods 

aimed at reducing intraocular pressure and improving blood flow to the eye.(18) 

Although preliminary studies of thrombolytic agents appear promising in acute 

CRAO, a randomized controlled trial is needed to establish its safety, efficacy and 

optimal mode of administration prior to its use in standard clinical practice.  
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Determining the similarities and differences in the visual outcome and 

treatment of CRAO across national borders would add useful information in 

planning such a trial. To provide these data, we investigated the current standard 

management used and visual outcomes in two cohorts of CRAO patients, one from 

Australia and one from the United States.  

 

2.3 METHODS 

We performed a retrospective review of two cohorts of patients with acute 

CRAO treated in two study centers, Johns Hopkins Hospital (JHH) in the United 

States and Flinders Medical Centre (FMC) in Australia, between 1996 and 2006. The 

cohort of previously published CRAO patients treated with local intra-arterial 

thrombolytic at JHH were excluded from this analysis.(62) None of the FMC cohort 

received thrombolytic therapy. 

 

In both groups, the diagnosis of CRAO was based on the initial 

ophthalmologist's clinical diagnosis of a documented visual disturbance due to a 

central retinal artery occlusion, characterized by a cherry red spot in the macula and 

attenuation of blood vessels on fundoscopic examination. Arteritic CRAO was 

excluded on clinical grounds as well as by the absence of elevated inflammatory 

markers, a temporal artery biopsy showing no evidence of vasculitis, or a 

combination of these factors.  Only non-arteritic/thromboembolic CRAOs were 

included in the analysis.  Patients with arteritic and transient CRAO, as well as those  

with cilioretinal artery sparing, were excluded from this study. 
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The acute management of each cohort consisted of either observation or 

current recommended interventions, including paracentesis, ocular massage, 

administration of an ocular hypotensive agent, or a combination of these procedures.  

 

Data collected included demographic details, prior medical history with a 

particular emphasis on the patient’s current or previous vascular risk factors such as 

hypertension, diabetes mellitus, hypercholesterolemia, and atrial fibrillation as well 

as any treatment the patient had received both before and immediately after the 

sentinel CRAO event. Investigative findings were documented, including 

echocardiography and imaging of the carotid arteries. During the follow-up period, 

both ocular and systemic vascular events were documented using active 

ascertainment.  

 

2.3.1.Data Analyzed  

The primary visual outcome was the best-corrected visual acuity (BCVA) at 

final follow up. Visual acuity was assessed using a Snellen chart. For the purpose of 

analysis, these results were converted to the logarithm of the minimal angle of 

resolution (logMAR) units. This was calculated by obtaining the logarithm of the 

reciprocal of the Snellen visual acuity for vision better than or equal to 5/200. If the 

vision was worse than 5/200, the following conversion was used: counting fingers 

(CF) = 1.6; hand movements (HM) = 2.0; light perception (LP) = 2.5; and no light 

perception (NLP) = 3.0 logMAR units.(63) Separate outcome measures were the 

frequency distribution of major vascular risk factors at presentation and following 

the diagnosis of CRAO in the two cohorts, and the incidence of a subsequent ocular 

or systemic ischemic event, such as stroke, acute coronary ischemia, or an acute 

peripheral vascular event. 
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2.3.2.Statistical Analysis 

The best corrected visual acuity (BCVA) in LogMAR score was expressed as 

continuous variable (mean ± standard deviation [SD]), whereas dichotomous 

variables were expressed as a proportion or percentage. The Student's t-test was 

used, and a p-value less than 0.05 was considered significant. For the purpose of 

analysis of vascular risk factors, descriptive statistics were used. 

 

The study was approved by the Flinders Clinical Research Ethics Committee.  

 

2.4 RESULTS 

2.4.1.Patient characteristics 

There were 21 patients from the JHH cohort and 19 from the FMC group.    

The  JHH cohort comprised of 14 males and seven females. The mean age was 56.6 

± 16.3 years (range: 23-90 years; median age: 65 years). The FMC cohort consisted 

of nine males and 10 females, with a mean age 75.9 ± 8.7 years (range: 57-88 years; 

median: 71 years). The mean follow-up period was 11.2 ± 13.1 months (range: 2-56 

months) in the JHH cohort and 35.4 ± 34.9 months (range: 4-132 months) in the 

FMC cohort.   The mean time to presentation in the JHH cohort was 25.8 ± 20 hours 

compared with 31 ± 65 hours in the FMC cohort.  There were no statistically 

significant differences between the demographics and presentation time between the 

two cohorts. 

 

2.4.2 Acute Management of CRAO 

Seventy-six percent of patients in the JHH cohort received an acute 

intervention for CRAO in the form of paracentesis, ocular massage, agents to lower 
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the intraocular pressure, or a combination of these procedures compared with 26% of 

FMC patients (p=0.008).  The percentage of patients receiving each acute treatment 

option for CRAO is indicated in Table 1. In the JHH cohort, six patients received all 

three treatments, six received two of the treatments, and three received one 

treatment. In the FMC cohort, two patents received all three treatments, one received 

two treatments, and two received one treatment.  

 

Table 2.1: Acute Therapy for CRAO administered by the 2 cohort 

 JHH 
Group 
(n = 21) 

FMC 
Group 
(n = 19) 

  No Treatment 5 (24%) 14 (74%) 
  Paracentesis 14 (67%) 4 (21%) 
  Ocular Hypotensive Agent 10 (48%) 3 (16%) 
  Ocular Massage 9 (43%) 3 (16%) 
Average number of non-thrombolytic interventions 
tried 
(mean ± standard deviation) 

1.57±1.20 0.53±1.02 

 

2.4.3 Visual Outcome 

The mean change in BCVA in the JHH cohort before and after treatment was 

0.07 (range: 2.04 ± 0.57 to 1.97 ± 0.77 [p = 0.724]). Six patients had an improvement 

in BCVA, nine had no change, and six worsened.  The mean change in BCVA before 

and after intervention in the FMC cohort was -0.19 (range: 1.97 ± 0.44 to 2.16 ± 0.59 

[p = 0.268]). Two patients in this cohort had an improvement in BCVA, 11 had no 

change and six had a further decline. There was no statistically significant difference 

in the final BCVA between the two cohorts (p = 0.114) (Figure 2.1).   
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Figure 2.1: Scatter plot showing change in visual acuities in the JHH and FMC 

groups.  The change in visual acuities in the two groups approximates the line 

showing no change between the final to the initial best corrected visual acuity 

(BCVA).  There was no statistically significant difference in the final BCVA 

between the two cohorts (p>0.05). 
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2.4.4 Vascular Risk Profile 

There were no statistically significant differences between the two cohorts in 

the major vascular risk factors identified at presentation (Table 2) or diagnosed after 

the retinal occlusive event (Table 3).  Hypertension was the most common vascular 

risk factor in both cohorts at the time of diagnosis. 

 

In addition to the risk factors summarized in Table 2.2, a number of 

miscellaneous risk factors for CRAO were present in each cohort at presentation.  

 

Table 2.2: Vascular Risk Factors & Co-morbidities of Patients Presenting with 

CRAO 

 JHH  

Cohort (%) 

FMC 

Cohort (%) 

P-

value 

 Hypertension 62 57 0.80 

 Hyperlipidemia 33 33 0.90 

 Diabetes mellitus 24 26 0.86 

 Atrial fibrillation 5 10 0.50 

Cardiomyopathy or cardiac valvular disease 10 5 0.50 

 Personal history of vascular disease# 43 42 0.96 

 Family history of vascular disease 29 22 0.66 

 Tobacco use 38 21 0.25 
# Includes a history of peripheral vascular disease, coronary artery event, ischemic 

heart disease, transient ischemic attack or stroke. 

 

The JHH cohort included two patients with a history of intravenous cocaine 

use, one patient with a history of alcohol abuse, and two patients with chronic renal 

failure. The FMC cohort included two patients with connective tissue disorders and 

systemic vasculitis (scleroderma and Sjögren syndrome, respectively). 
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Sixty-three percent of the FMC cohort and 57% of the JHH cohort had at 

least one new vascular risk factor found after the CRAO event.  Hyperlipidemia was 

the most common new vascular risk factor diagnosed after the sentinel CRAO event.  

Many patients required new medications or upward titration of medication for better 

control of their vascular risk factors (55% of FMC and 48% of JHH patients).  All 

patients received anti-platelet therapy and in some cases anticoagulants depending on 

the vascular risk factors such as atrial fibrillation.  In those with significant ipsilateral 

carotid stenosis >70%, recanalization procedures with carotid endarcterectomy or 

stenting were performed.  In addition to the risk factors diagnosed after presentation, 

summarized in Table 2.3, one patient in the JHH cohort had a low serum 

concentration of Protein C, and another had Protein S deficiency. 

 

Table 2.3: New Vascular Risk Factors & Co-morbidities of patients presenting with 

CRAO (Diagnosed after Investigation) 

 JHH  

Cohort (%) 

FMC 

Cohort (%) 

P-

valueφ 

Hypertension∞ 10 26 0.17 

Hyperlipidemia 30 42 0.38 

Diabetes mellitus 5 11 0.50 

Cardiomyopathy or cardiac valvular 

disease 

19 5 0.20 

Atrial fibrillation 0 0 - 

Ipsilateral carotid artery stenosis  

                           50-69%  
 

18 

 

12 

 

0.68 

                           70-100% 12 15 0.98 

Hyperhomocysteinemia 10 5 0.53 
φ
 Student's t-test, two-tailed, unpaired 
∞
 Newly diagnosed hypertension or a blood pressure amenable to further reduction to 

achieve an optimum level. 
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2.4.5 Inpatient versus Outpatient Management 

All 21 patients in the JHH cohort were evaluated and treated as inpatients on 

the Neurology Stroke Service. In the FMC cohort, four patients (21%) were 

evaluated and treated as inpatients; the remaining 15 patients (79%) were managed 

as outpatients. The reasons for inpatient management in the FMC cohort were as 

follows: two patients had already been admitted to a general medical unit for other 

medical conditions before an ophthalmologist was asked to assess the patient, and 

two patients were admitted to a general medical service after the diagnosis of CRAO 

for occupational therapy and social work input because of concerns that they would 

require additional support for safe functioning at home. 

 

2.4.6 Secondary Ischemic Events 

In the JHH cohort, one patient developed a stroke 3 months post-CRAO.  In 

the FMC group, one patient developed a stroke 5 years post-CRAO on the 

contralateral side and one developed angina 8 months post-CRAO. The difference in 

outcomes was not significant (p = 0.944). All three patients had significant vascular 

co-morbidities including hypertension, hyperlipidemia, tobacco use, and carotid 

artery disease.  The patient from the JHH cohort had a total internal carotid artery 

occlusion that was not amenable to recannalization.  

 

2.5 DISCUSSION 

In this study, there were notable differences in the initial management of 

patients with CRAO between the two institutions. JHH managed all CRAO patients 

as inpatients, whereas 79% of patients in the FMC cohort were managed as 

outpatients. Recommended treatment strategies including paracentesis, ocular 

massage and administration of ocular hypotensive agents were frequently employed 
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in the JHH cohort, whereas the FMC cohort tended to be observed. Despite these 

differences, including the younger mean age of the JHH cohort, there was no 

significant difference in the final visual outcome between the two cohorts. 

Furthermore, the final visual outcome in both populations was similar to that in a 

large retrospective series of CRAO patients reported by Hayreh and Zimmerman.(1)  

 

The most likely explanation for the lack of significant difference in the final 

visual acuity between our two cohorts is that the causes of the CRAO were similar in 

both sets of patients and that there is no benefit of the use of currently recommended 

interventions compared with observation in this condition. This finding is consistent 

with other studies that have shown that the use of paracentesis, ocular massage, and 

acetazolamide does not alter the natural history of disease.(20, 64, 65) Furthermore, 

the average number of standard non-thrombolytic interventions in this study (1.57 in 

JHH and 0.53 and FMC) was lower compared with the average number of 2.5 ± 1.4 

interventions described in the literature but the visual outcomes were 

comparable,(42) suggesting that current standard management options, whether 

single or in combination, do not significantly affect the visual outcome.  The use of 

current standard treatment thus remains at the discretion of the treating 

ophthalmologist.   

 

Secondary systemic ischemic events occurred in three patients (7.5%). This 

rate is low compared with previous reports of stroke rates as high as 40% in CRAO 

patients with known extracranial internal carotid disease who were not treated with 

endarterectomy.(66) I acknowledge that a limitation of the study is its retrospective 

design and as such, we are unable to control for all confounders such as the relatively 

short follow-up period.  Indeed, the mean follow-up period for the JHH cohort was 
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11 months.   However, an alternative explanation for the low incidence of secondary 

systemic vascular events in the two cohorts is that all patients in both cohorts were 

evaluated for carotid artery disease, and all had management of their disease 

according to established guidelines,(67) including appropriate intervention for 

vascular risk factors as well as universal treatment with anti-platelet agents.(17, 68)  

 

Defining effective treatments for CRAO has been problematic as current 

“standard” therapies are based on non-randomized interventional studies, often 

comparing outcomes with historical controls that are non-contemporary. In addition, 

because of the relatively low incidence of CRAO, single-center studies investigating 

the natural history and baseline characteristics have had to recruit subjects over 

decades. The two largest series recruited patients spanning 3 decades.3,15 One of the 

criticisms of such an approach is that one must assume that both the disease 

phenotype and the treatment strategy remain static over a long period of time. The 

alternative is to analyze the same data over a shorter time interval, but in order to 

achieve sufficient cases in an uncommon disease such as CRAO, a multi-center 

registry would have to be used. The current study, as well as providing comparative 

data between two institutions in two different countries, is also a first in terms of 

demonstrating the feasibility of an international collaboration required for a registry 

of cases of CRAO.  

 

Fibrinolysis using intra-arterial or intravenous tissue plasminogen activator 

(tPA) is a promising new therapy in the acute management of CRAO.(69) There is 

robust evidence to support fibrinolysis in myocardial or cerebral ischemia;(49, 

51)17,18 however, it has not yet been proven in a well-designed randomized controlled 

trial for CRAO. The potential time window for thrombolysis in CRAO is debated 
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and thought to be longer than for treatment of ischemic stroke, where tPA is 

approved by the Federal Drug Administration within 3 hours of stroke onset.(49)  In 

primate models of CRAO, reversing CRA ischemia within 97 minutes achieves 

complete recovery of the visual evoked potential (VEP).(35)  However, in ischemia 

up to 240 minutes, reversal of CRA ischemia still results in partial VEP recovery.  In 

most retrospective interventional case series, clinical improvement with tPA occurs 

up to 12 hours. Recently, Aldrich et al.(62) reported a prospective non-randomised 

interventional study of tPA use in CRAO up to 15 hours from the onset of CRAO.  

However, it is generally believed that “time is tissue” in thrombolysis and some 

studies have reported efficacy with vision recovery in CRAO in those who received 

interventions within 6.5 hours.(70)  The time to presentation of CRAO patients in 

both cohorts described here was generally more than 24 hours (25.8± 20 hours and 

31 ± 65 hours respectively), and this may have limited the potential for recovery.  If 

a viable treatment option is available, efforts need to be made to promote patient and 

physician awareness of the condition and its potential treatment so that patients 

present within a few hours rather than a day or more after visual loss.    

 

2.6 CONCLUSION 

In conclusion, notable differences were demonstrated in the initial 

management of patients with CRAO in two institutions in different countries; 

however, despite the use of paracentesis, ocular massage and ocular hypotensive 

agents, visual outcomes were similar. This suggests a lack of efficacy of current 

standard treatment in acute CRAO. 
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3.1 PRECIS 

In this chapter, I describe a retrospective study I conducted to determine the 

prevalence of ocular neovascularization following acute CRAO at the Flinders 

Medical Centre. There is no consensus on the best follow-up regimen post CRAO to 

detect the ocular neovascular complications and optimally manage CRAO.  

Furthermore, much debate exists in the literature as to the prevalence and etiology of 

neovascularisation following a CRAO.    

In this study, I found a 18.2% prevalence of ocular neovascularisation in our 

cohort and the mean time from CRAO to observed neovascularization was 8.5 weeks 

(range 2-16 weeks). There was a definite temporal relationship between the CRAO 

and neovascularization events, with no other causes of neovascularization 

demonstrable in our cohort of patients.   

Our study suggests that NV can occur early and regular follow-up, especially 

in the first 4 months, are important post CRAO. 
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3.2 INTRODUCTION 

Ocular neovascularisation is a process of unregulated and misguided growth 

of new vessels in the eye. It is thought to occur as a result of chronic retinal 

ischaemia, and multiple mediators have been implicated in this process, of which the 

most important is vascular endothelial growth factor. New vessels can grow into 

nearly all mature ocular tissues and affect the cornea, iris, retina and optic disc. (71) 

Central retinal artery occlusion (CRAO) can result in ocular neovascularisation : the 

most serious of these complications is the development of neovascular glaucoma 

(NVG). The growth of new vessels in the angle of the anterior chamber initially 

impairs aqueous outflow in the presence of an open angle, however the disease can 

progress and lead to formation of peripheral anterior synechiae and subsequent 

contraction and closure of the angle. This process can be severe and relentless, and 

may lead to intractable eye pain.(72)  NVG is a commonly cited indication for 

enucleation or evisceration. (73, 74) 

 

The literature reports disparate rates of ocular NV associated with CRAO. 

These range from as low as 2.5% to as high as 31.6%.(54, 75). The causal 

association of CRAO and ocular NV has therefore been challenged.(76) Critics of 

this association argue that in central retinal vein occlusion there is chronic retinal 

hypoxia, whereas in CRAO there is acute, severe retinal ischemia. It is suggested that 

only chronic retinal hypoxia may liberate vasoproliferative growth factors, a process 

not present in CRAO.(77) It is thus proposed that other factors, including diabetes 

mellitus and ocular ischaemic syndrome are responsible for the occurrence of 

neovascularisation following CRAO.(76)  

 

I present a case series of patients with thromboembolic CRAO, and describe 
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the prevalence of ocular NV. We conducted a thorough analysis of the patient series 

in terms of timing of NV post CRAO and co-morbidities to determine whether 

another cause of neovascularisation was likely to be present.  

 

3.3 METHODS 

A retrospective review of a cohort of CRAO patients admitted to the Flinders 

Medical Centre between January 1997 and January 2009 was conducted. The 

diagnosis of CRAO was based on the initial ophthalmologist's clinical diagnosis, 

with documented visual disturbance due to retinal artery occlusion and evidence of a 

cherry red spot and attenuation of blood vessels on fundoscopic examination. 

Arteritic CRAO was excluded either clinically based on the presence of symptoms 

and the presence of an elevated ESR, or where possible, on temporal artery biopsy.  

 

A single observer (AKR) extracted data from the case notes. Data collected 

included basic demographic details, comorbidities, timing of the initial presentation 

with CRAO, timing and type of ocular neovascularisation. Results from Doppler 

ultrasonography records and computer tomography angiography (CT-A) for patients 

with neovascularisation were recorded.  

 

3.3.1 Definitions 

We define the term neovascularization of the iris (NVI) as the abnormal 

formation of new blood vessels on the anterior surface of the iris, with no associated 

elevation in intraocular pressure (IOP). 

Neovascularization of the disc (NVD) was defined as the presence of 

abnormal new blood vessels on the optic disc, associated with early leakage on 

fundus fluorescein angiography.  Neovascular glaucoma (NVG) was used to refer to 
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patients with NVI, proliferation of neovascular tissue over the angle, and an 

intraocular pressure (IOP) greater than 28 mmHg. We used the same threshold for an 

elevated IOP as another large case series.(78) 

 

A haemodynamically significant carotid artery stenosis was defined as a carotid 

artery stenosis of greater than 70% according to either ultrasound or angiographic 

criteria.(79) 

 

3.4 RESULTS 

Thirty-three patients, mean age 73±9.7 years, were identified as having 

thromboembolic CRAO. The vascular risk profile of this cohort has been previously 

reported.(80) 

 

The prevalence of ocular neovascularisation was 18% (6/33). The mean age 

of this group was 77 (range: 57-85 years). Details are reported in Table 3.1.  Five of 

these cases had NVI and each had progressed to NVG. Thus the point prevalence of 

NVG is 15% (5/33). One case had NVD detected on routine follow up at 2 weeks 

and confirmed on fundus fluorescein angiogram; neovascularization was not seen at 

the iris (NVI) or elsewhere .  
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Table 3.1: Cases of ocular neovascularisation 

Case NVI NVG Peak 
IOP 
(mmHg) 

NVD Time 
from 
onset 
of 
CRAO 
(weeks) 

Ipsilateral 
carotid 
stenosis 
(Doppler 
US)  

Vascular risk 
factors 

1  not 
seen 

absent 16 present 2 30-40% hypertension,  
DM II, smoker 

2 present present 38 absent 16 50% DM II 
 

3 present present 40 present 6 70%  hypertension, 
hyperlipidemia,  

4 present present 35 absent 6 20-40% hypertension 
hyperlipidemia,  
DM II 

5 present present 36 present 16 <20% hypertension, 
hyperlipidemia 
DM II 

6 present present 70 present 5 50%  hypertension, 
hyperlipidemia 

Abbreviations: CRAO, central retinal artery occlusion; DM II, type II diabetes 

mellitus; NVD, neovascularisation of the disc; NVI, neovascularisation of the iris; 

NVG, neovascular glaucoma; US, ultrasound. 

 

The mean time to diagnosis of neovascularisation in our cohort was 8.5 

weeks, range 2 - 16 weeks. Cases 2 and 5 represented to an emergency 

ophthalmology clinic with ipsilateral eye pain (both at 16 weeks) and were diagnosed 

with NVG. In the remaining cases, diagnosis of neovascularisation was made at a 

scheduled review.  

 

Atherosclerotic narrowing of the carotid vessels was evaluated in each case 

with Doppler ultrasound (see Table 3.1). An ipsilateral haemodynamically-

significant carotid stenosis was documented in a single patient (case 3), who 

subsequently underwent an ipsilateral carotid endarterectomy.  All cases were 

evaluated with a fundus flurorescein angiogram at the point NV was noted.  There 
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were no choroidal filling defects to suggest involvement of the ophthalmic artery or 

the posterior ciliary artery. 

 

Four patients with neovascular glaucoma post-CRAO had type II diabetes 

mellitus. In one case this was diagnosed after presenting with CRAO; one case was 

diet-controlled; both cases were managed with oral hypoglycaemic agents. No 

patients, however, had evidence of diabetic retinopathy in either ipislateral or 

contralateral eye. 

 

All patients underwent pan-retinal photocoagulation (PRP) as treatment for 

ocular neovascularisation. In case 2, persistently elevated intraocular pressure and 

chronic eye pain necessitated a trabeculectomy. In the remaining cases, a satisfactory 

reduction in IOP was observed following PRP with no pain and no further 

interventions were required.  

 

3.5 DISCUSSION 

Our series report an 18.2% prevalence of NV post CRAO in 33 eyes, with a 

mean time of onset at 8.5 weeks. A search for articles published since 1980 on the 

rate of NVI or NVG following CRAO found seven studies (Table 3.2).   
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Table 3.2: Incidence of NVI with/without NVG following CRAO 
 
Study n of 

eyes 
Prevalence of 
NVI ± NVG 

Timing Methodology 

Hayreh et 
al, 
1982(77) 

64a 18.8% (n = 
12) 

Range: on-
presentation to 10 
months 

Retrospective case 
series 
(Study period unstated) 

Duker et al, 
1988(81) 

168 16.7% (n =28) Mean 4 weeks; 
range 1 to 12 
weeks 

Retrospective case 
series (1977-1987) 

Duker et al, 
1991(78) 

33 16.6% (n = 6) Mean 5.5 weeks. 
Range: 12days to 
12 weeks 

Prospective case series 
(18 month study) 

Kattah et 
al, 
2002(54) 

19 31.6% (n = 
6)b 

All cases within 31 
days 

Prospective case series 
(primarily evaluating 
thrombolysis, 1998-
2000) 

Schafer et 
al 2005(82) 

27 18.5% (n = 5) Range: 2months - 
2years 

Retrospective case 
series 
(2 year study) 

Hayreh et 
al 2009(76) 

232a 3.0% (n = 7)c Not stated. Retrospective case 
series (1973-2000) 

Sagong, et 
al 2009(75) 

36 19.4% (n = 7) Range: 2-5 weeks 
(of the 3 cases 
described in detail) 

Retrospective case 
series 
(2004-2008) 

 

There is a wide variation in the reported prevalence from 3 to 28%. The 

median prevalence of these reported studies is 19%.  This is consistent with the 

estimated point prevalence of NV in our own patient cohort. The majority of the 

reported studies, including our own, were retrospective.  Duker et al., however, 

conducted an 18 month prospective cohort study examining the prevalence of 

neovascularisation and factors which may be attributable to its development and 

documented neovascularisation in 16.6% of cases.(78) This is similar to the 

prevalence reported in their larger retrospective cohort study of 168 eyes. 

 

In our study, the mean time to neovascularisation was 8.5 weeks which is 

slightly longer than the 5.5 weeks found in a prospective study with fixed interval 

follow-up reviews following acute CRAO.(81) Nevertheless our study is in keeping 
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with previous data that suggests that nevascularisation tends to occur early following 

CRAO. The timing of neovascularisation in other studies is detailed in Table 3.2.   

 

The optimal follow up regimen post CRAO has not been well defined, partly 

due to the unknown clinical course of the ocular complications.  In contrast, NVG is 

a well recognised complication in people with central retinal vein occlusion (CRVO), 

and is sometimes referred to as “100 day glaucoma”.(82) Current guidelines 

recommend close follow up for patients with CRVO to measure IOP and investigate 

for NV, especially in the first 6 months (14). Our series, in keeping with other 

reported series, suggest that NV in CRAO occurs earlier and can be as early as 2 

weeks.(72, 78) This suggests the need for close follow-up especially in the initial 

stages post CRAO.  Early intervention with panretinal photocoagulation when NVD 

and NVI are detected might prevent NVG.   

 

One of the problems inherent in the current literature relating to NV in 

CRAO is that the estimates of the point prevalence vary considerably. Some of this 

may be due to the differing definitions of NV, for instance some authors report the 

point prevalence of NVI as opposed to NVG. Similarly, in the definition of NVG, the 

upper threshold of an “elevated” intraocular pressure is not stated by many 

investigators; NVG often occurs in a continuum from NVI with the new blood 

vessels proliferation across in the drainage angle that then results in secondary 

reduction in aqueous drainage and hence elevated IOP.  

 

The prevalence of neovascularisation at the disc is not a commonly recorded 

complication of CRAO. Duker et al. reported an incidence of 1.8% from a 

retrospective study of 168 patients with CRAO, and 3.0% in a prospective study of 
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33 patients.(78, 83) The observation of NVD in 12.2% NVD in our cohort is 

comparatively high. This may be a bias of small sample size, though it may represent 

underreporting in some studies secondary to follow-up methodology, or a variation 

secondary to the investigators' definition for NVD.   

 

In our study, we observed a causal relationship between the CRAO and 

ocular NV based on the timing between the two events and the absence of other 

contributing factors to NV. In our study, in each of the 6 cases of ocular 

neovascularisation there were no concurrent clinical features of ocular ischaemia. 

Only one of six patients had a haemodynamically significant stenosis of the internal 

carotid artery and we could not see any evidence of ophthalmic artery ischemia 

based on fundus fluorescein angiograph at the time of neovascularization.  There 

were four patients who had diabetes mellitus type II, but none had evidence of 

diabetic retinopathy in either eye. 

 

3.6 CONCLUSION 

In our cohort the overall rate of neovascularisation was 18.2%. Consistent 

with the majority of other studies, we have demonstrated a clear empirical 

correlation between thromboembolic CRAO and NVI. The majority (four of five) of 

cases of NVI progressed to NVG.  In the majority of cases of neovascularisation 

there were no clinical features of ocular ischaemia, and no association with a 

haemodynamically-significant stenosis of the carotid artery. Given the association 

between neovascularisation and CRAO, prudent clinical practice would be to review 

all patients with acute CRAO at regular intervals as early as 2 weeks then monthly 

up to 4 months post CRAO.  
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4.1 PRECIS 

The optimal management of a CRAO needs to address systemic 

atherosclerotic risk factors to reduce secondary ischemic events. I aimed to 

determine the proportion of patients presenting with thromboembolic central retinal 

artery occlusion (CRAO) who had undiagnosed vascular risk factors amenable to 

modification.  This was performed by a retrospective audit of consecutive patients 

with non-arteritic/thromboembolic CRAO presenting between 1997 and 2008 to the 

Flinders Medical Centre. Thirty-three patients with non-arteritic CRAO were 

identified. Twenty-one patients (64%) had at least one new vascular risk factor found 

after the retinal occlusive event with hyperlipidemia being the most common 

undiagnosed vascular risk factor at the time of the sentinel CRAO event (36%).  

Nine patients had ipsilateral carotid stenosis of greater than 50%; six of these 

proceeded with carotid endarterectomy or stenting.  One patient had significant new 

echocardiogram finding.  A systemic ischemic event post-CRAO occurred in two 

patients with stroke and acute coronary syndrome.  This study found that patients 

presenting with CRAO often have a previously undiagnosed vascular risk factor that 

may be amenable to medical or surgical treatment. As this population is at high risk 

of secondary ischaemic events, risk factor modification is prudent. 
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4.1 INTRODUCTION 

Central retinal artery occlusion (CRAO) is defined as an occlusion of the 

central retinal artery usually by a fibrin-platelet thrombus or embolus with resultant 

reduced perfusion to the retina and painless visual loss that is frequently 

irreversible.(60) 

 

CRAO by virtue of its pathogenesis shares important risk factors with other 

vascular diseases such as ischemic heart disease and cerebrovascular disease.(39) It 

is known from the study of heart disease and stroke, that following the occurrence of 

a sentinel vascular event, the patient is more likely to develop subsequent vascular 

events.(84, 85) Similarly CRAO may also be the harbinger of a more serious 

vascular event.(5, 86) The current management of CRAO is aimed at secondary 

prevention of another ischemic event.  

 

My aim here was to quantify the pre-existing vascular risk factors in a cohort 

of patients with CRAO, and to determine the vascular risk factors amenable to 

modification following the CRAO event.  

 

4.2 METHODS 

An audit of a cohort of CRAO patients admitted to the Flinders Medical 

Centre between January 1997 and September 2008 was conducted. The diagnosis of 

CRAO was based on the initial ophthalmologist's clinical diagnosis with documented 

visual disturbance due to retinal artery occlusion, with evidence of a cherry red spot 

and attenuation of blood vessels on fundoscopic examination. Arteritic CRAO was 

excluded either clinically based on the presence of symptoms and the presence of an 

elevated ESR or where possible on temporal artery biopsy.  
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A single observer (AKR) abstracted data from the case notes. Data that were 

collected included demographic details, the prior medical history with a particular 

emphasis on the subject’s previous risk factors such as hypertension, diabetes, 

hypercholesterolemia and the presence of atrial fibrillation as well as treatment that 

the patient had received both before and after the sentinel CRAO event. A 

haemodynamically-significant carotid artery stenosis was defined as a carotid artery 

stenosis of greater than 70% according to either ultrasound or angiographic 

criteria.(79) Information on revascularization procedures was also recorded. In 

addition, passive ascertainment was used to determine patient outcomes in the years 

following the initial event with particular emphasis on subsequent vascular events of 

either the retinal arteries or other vascular beds. 

 

For the purpose of analysis, descriptive statistics were used. Continuous 

variables were expressed as a mean ± standard deviation (SD) while dichotomous 

variables were expressed as a proportion or percentage. 

 

4.4 RESULTS 

Thirty-three patients, mean age 73 ± 10 years, 20 males, were reviewed with 

acute loss of vision due to CRAO.  

 

4.4.1 Vascular Risk Factors and Co-morbidities  

Hypertension was the most common vascular risk factors in subjects with CRAO 

(Table 1), followed by hyperlipidemia.  The diagnosis of these were based on 

documented past medical history recorded in the case notes.  On average, most 

patients had 2.4±1.6 number of known vascular risk factors at the time of CRAO 
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diagnosis.  Table 4.1 summarises the vascular risk factors present in our study 

population.  

 
Table 4.1 : Vascular risk factors at the time of CRAO diagnosis  

Vascular Risk Factors At the time of CRAO diagnosis 

Number (%) 

  Hypertension 14 (42%) 

  Hyperlipidemia 12 (36%) 

Tobacco use 12 (36%)  

Family history of vascular disease 8 (24%)  

  Diabetes mellitus 7 (21%)  

  Atrial fibrillation * 3 (9%)  

  Cardiomyopathy or valvular disease # φ 4 (12%)  

* Includes one patient with known atrial fibrillation and on warfarin, but whose 

international normalization ratio (INR) was subtherapeutic at the time of CRAO. 

# Includes one instance of aortic stenosis, one of aortic insufficiency, one of 

congestive cardiac failure, one of moderate left atrial dilatation with atrial 

fibrillation.  

 

At the time of CRAO diagnosis, five patients (15%) had already had an 

episode of amaurosis fugax and one had a branch retinal artery occlusion in the same 

eye (3%) prior to the CRAO event. Five patients (15%) had a history of stroke or 

transient ischaemic attack on the ipsilateral side and 12 (36%) had ischemic heart 

disease.  

 

4.4.2 Previously Undiagnosed Vascular Risk Factors and Treatment  

Twenty-one patients (64%) had at least one new vascular risk factor found 

after the retinal occlusive event.  Hyperlipidemia was the most common previously 

undiagnosed vascular risk factor at the time of the sentinel CRAO event, found in 12 
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patients (36%), followed by hypertension  in 9 patients (27%), and diabetes mellitus 

in 4 patients (12%) (Table 4.2).  Eighteen patients (55%) required either a new 

medication or upward titration of their dose.  

 
Table 4.2 : Vascular risk factors found after the sentinel CRAO event  
 

Vascular Risk Factors 
After CRAO diagnosis 

 Hyperlipidemia  12 (36%) 

 Hypertension # 9 (27%)  

  Diabetes mellitus 4 (12%) 

  Atrial fibrillation 1 (3%) 

  Cardiomyopathy or valvular disease 1 (3%) 

  Hyperhomocysteinemia 1 (3%) 

  Renal artery stenosis (atherosclerotic) 1 (3%) 
# Newly diagnosed hypertension or a blood pressure amenable to further reductions 

to achieve an ideal blood pressure. 

 

In 2 instances, patients presenting with CRAO had more complex risk 

factors. The youngest patient, aged 50 years at presentation, had a history of 

hypertension, hyperlipidemia, and on further investigation was found to have 

elevated homocysteine levels.  One patient had uncontrolled accelerated 

hypertension from underlying renal artery stenosis that was diagnosed after the 

CRAO event and subsequently referred to an internal medicine physician. 

 

4.4.3 Carotid Artery Disease and Cardiac diseases 

Duplex doppler examination of the carotid arteries was performed an all patients. 

Five patients (15%) had significant carotid artery stenosis (≥70%) ipsilateral to the 

retinal occlusion; four proceeded with carotid endarterectomy, and one patient, 

because of perioperative risks, had carotid stenting (Table 4.3). Four patients (12%) 
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had moderate carotid narrowing (51-69%); one of these individuals, given recurrent 

ipsilateral ischemic symptoms, proceeded with carotid endarterectomy after 

consultation with a vascular surgeon and a stroke physician. All the carotid 

recanalization surgery was performed within 1 month of the sentinel CRAO event.  

One patient had an ipsilateral carotid endarterectomy prior to presentation with 

CRAO.  

 

Table 4.3 : Summary of carotid artery disease and treatment 

Ipsilateral carotid artery stenosis Number (%)  Number treated for carotid 

recalanization 

70-100% narrowing 5 (15%) 4 with carotid endarterectomy 

1 with carotid stenting 

50-69% narrowing 4 (12%)  1  

< 50% narrowing 23 (70%) 0 

Previous carotid surgery 1 (3%) N/A 

 

A transthoracic echocardiogram was performed in 29 of 33 patients (88%) to 

investigate possible cardio-embolic causes of retinal occlusion.(9) In one case, an 

echocardiogram revealed previously undiagnosed moderate left atrial enlargement 

associated with atrial fibrillation, which was then treated with oral anti-coagulation. 

 

4.4.4 Systemic vascular events in follow-up period 

The average follow-up period in this study was 35±34 months (range 4-132). 

One patient (3%) experienced a stroke on the contralateral vascular territory five 

years later. One patient (3%) developed chest pain and shortness of breath eight 

months after the CRAO presentation.  Subsequent investigation showed she had an 

anterior myocardial infarction and she was treated with angioplasty.   
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4.5 DISCUSSION 

Like stroke and ischemic heart disease, retinal ischemia due to CRAO is 

caused by a platelet fibrin clot or in rare instances, pure cholesterol emboli.(8) The 

ultimate source of these thrombi or emboli is atherosclerotic disease and thus the 

same risk factors that predispose to atherosclerotic disease are prevalent in patients 

with CRAO.(12) In our own cohort, hypertension was the most prevalent risk factor, 

a similar finding to a recent large case series of CRAO.(17) However a significant 

proportion of individuals also had carotid artery stenoses that were amenable to 

immediate carotid intervention, in addition to a proportion of individuals with 50 – 

69% stenoses where carotid intervention is a potential treatment option.(87) 

 

In addition to known risk factors documented prior to presentation of CRAO, 

there are also a significant number of individuals with previously undiagnosed 

vascular risk factors. In some individuals, escalation of existing anti-hypertensive 

medication or the addition of further vascular preventative medication was required. 

While it is not known whether the use of anti-hypertensives, anti-platelets or 

cholesterol lowering agents will reduce the risk of a subsequent CRAO based on 

definitive randomized controlled trials, such agents are accepted as standard clinical 

practice for the secondary prevention of stroke or ischemic heart disease.(88, 89) In 

our study, one patient developed a cerebral stroke following the CRAO and one 

patient developed symptoms related to ischemic heart disease. Therefore the 

presentation of a CRAO, while being rare given its overall incidence, nevertheless 

has significant associations with an increased subsequent incidence of vascular 

disease involving important end organs such as the brain and heart.  
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CRAO as a disease process is considered an ocular emergency, however 

treatment in the past has been limited by the lack of effective acute treatments 

supported by robust evidence.(18) This coupled with its low incidence has resulted in 

clinicians ignoring the potential for secondary prevention of further ocular ischemic 

events as well as stroke and heart disease. This is reflected by the fact that while 

there is voluminous guideline-level literature on the treatment of heart disease, stroke 

and peripheral vascular disease, equivalent literature is lacking for CRAO. Our audit 

of a prospective cohort of CRAO patients is important for two reasons. First it 

supports the existing literature that shows the presence of a significant burden of pre-

existing vascular risk factors that are present prior to CRAO, headed by 

hypertension.(10, 17, 34, 90)  In addition our study also shows that in a significant 

proportion of cases, the control of such risk factors is inadequate as 55% (18 of 33 

patients) required either the addition or escalation of existing macrovascular 

preventative medications in the follow up period following CRAO. The second 

important aspect of this study is that it demonstrates that CRAO is not a benign 

disease but is a marker for subsequent vascular disease such as stroke and ischemic 

heart disease with known attendant significant morbidity and mortality. The fact that 

6% of CRAO patients in our cohort went on to have a cerebral stroke mirrors in 

magnitude the risk of transient ischemic attacks (TIA) proceeding on to a completed 

stroke.(84) This calls for a need for aggressive pharmacotherapy for secondary 

prevention of an ischemic event.  Referral to a dedicated vascular physician whether 

it be a stroke neurologist, cardiologist or internal medicine specialist would facilitate 

such therapy, in addition to ongoing ophthalmology input. 

 

Not only is CRAO followed by ischemia in other organs but it is often 

preceded by warning symptoms of retinal ischemia. In our cohort, 18% of 
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individuals (6 of 33 patients) had either preceding symptoms of transient monocular 

blindness or evidence of branch retinal artery occlusion.  Over half of patients (51%) 

also had previous end-organ ischemia such as ischemic heart disease or stroke.  

These sentinel events, if recognized early, afford the clinician not only the 

opportunity to prevent a CRAO, but by starting anti-platelets, anti hypertensive or 

cholesterol lowering agents also reduce the burden of subsequent disease in other 

vascular beds such as subsequent stroke or retinal artery occlusion.(17, 91, 92) 

 

4.6 CONCLUSION 

A high proportion of patients presenting with CRAO often have an 

undiagnosed vascular risk factor.  In this study, 64% of patients had at least one 

undiagnosed vascular risk factors and a significant proportion required either the 

addition or escalation of existing macrovascular preventative medications and 18% 

required surgical intervention for carotid recanalization.  As this population is at high 

risk of secondary ischaemic events, risk factor modification is prudent to prevent 

further ischemic events.   
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5.1 PRECIS 

Several open-label clinical studies using continuous infusion of thrombolytic 

agents have suggested that local intra–arterial fibrinolysis (LIF) is efficacious in the 

treatment of an acute CRAO. The aim of the study presented here was to compare 

the visual outcome in patients with acute CRAO of presumed thromboembolic 

etiology treated with LIF administered in aliquots with that of patients treated with 

standard therapy.	
   	
    Twenty-one patients received LIF and 21 received standard 

therapy. Seventy-six percent of subjects in the LIF group had a visual acuity (VA) 

improvement of one line or more, compared with 33% in the standard therapy group 

(p=0.012, Fisher’s exact test).  Multivariate logistic regression controlling for 

gender, history of prior stroke/TIA, and history of hypercholesterolemia, showed that 

patients who received tPA were 36 times more likely to have an improvement in VA 

after adjusting for these covariates (p=0.0001).  Post-hoc analysis showed that 

patients who received tPA were 13 times more likely to have improvement in VA of 

three lines or more (p=0.03) and 5 times more likely to have a final VA of 20/200 or 

better (p=0.04). Two groin hematomas were documented in the LIF group.  No 

ischemic strokes, retinal or intracerebral hemorrhages were documented.  This shows 

that LIF administered in aliquots is associated with an improvement in VA compared 

with standard therapy and has few side effects, and is a potential treatment to  

optimize visual outcome in acute CRAO.
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5.2 INTRODUCTION 

Central retinal artery occlusion (CRAO), a cause of acute visual loss is seen 

in 1 per 10,000 ophthalmology outpatient visits.(42) The visual prognosis of CRAO 

often is poor, with 61% of patients having a final visual acuity of 20/400 or worse.(1) 

This degree of severe unilateral visual impairment is associated with limitations in 

social functioning, poor mental health,(3) and is a risk factor for becoming 

dependent.(4) Most CRAOs are thought to be caused by thrombosis or embolism.(6) 

Standard therapies for acute CRAO include ocular massage, paracentesis, and other 

methods of reducing intraocular pressure as well as inhalation of a mixture of 95% 

oxygen and 5% carbon dioxide (carbogen). These treatments have not been shown 

conclusively to improve visual acuity beyond the natural history of disease.(20, 64)  

 

Systemic and intra-arterial thrombolysis have been successful in restoring 

perfusion to ischemic tissue by fibrin-platelet clot lysis in ischemic stroke and 

myocardial infarction.(49-51) In several open-label studies, local intra–arterial 

fibrinolysis (LIF) was shown to be efficacious in the treatment of CRAO, with up to 

60-70% of treated subjects experiencing an improvement in visual acuity (VA).(39, 

40, 52, 53, 56) 

 

Most studies of LIF therapy in CRAO have used a continuous infusion of the 

thrombolytic agent.(52) Despite the efficacy of LIF in restoring VA in CRAO, 

concerns remain with its use in clinical practice. First, it is an invasive procedure that 

can cause embolic stroke and second, thrombolytic agents may result in either 

intracranial or systemic hemorrhages.(53, 55, 56)  
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An alternative to the continuous infusion of thrombolytic is its administration 

in small aliquots until patency of the central retinal artery is clinically established. 

There are two theoretical advantages of this approach. First, titration of the 

thrombolytic agent may result in a reduction in the total dose that is administered, 

thus potentially reducing the risk of hemorrhage.  Second, the titration approach may 

reduce procedural time. Given that the duration of cerebral angiography is correlated 

with the risk of peri-procedural stroke, reduced angiography time might be expected 

to reduce the incidence of complications.(93-95)  

  

We hypothesized that the treatment of acute CRAO with LIF administered in 

aliquots might achieve a better visual outcome than standard therapy alone and with 

a lower complication rate.   

 

5.3 METHODS  

We performed a retrospective analysis of a consecutive cohort of 42 patients 

admitted to the Johns Hopkins Hospital with acute CRAO from July 1999 to July 

2006.   All patients gave informed consent for the off-label use of tissue plasminogen 

activator (tPA) by intra-arterial administration.   

 

All patients were assessed by an ophthalmologist who confirmed the 

diagnosis of acute CRAO using standard clinical criteria of monocular vision loss 

associated with an ipsilateral relative afferent pupillary defect and diffuse, pale 

swelling of the retina with a macular “cherry-red” spot and attenuation of retinal 

vessels by ophthalmoscopy. 
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VA at presentation was measured by Snellen chart at 20 feet for all patients 

whose VA in the affected eye was 20/400 or better.  Patients with VA less than 

20/400 in the affected eye were assessed on an ordinal categorical scale progressing 

from counting finger (CF), to hand movement (HM), to light perception (LP) and 

finally to no light perception (NLP).  Fluorescein angiography was performed 

whenever possible. Demographic details and vascular risk factors on admission were 

recorded. 

   

Two therapeutic procedures were compared in this study: standard therapy 

alone (control group), or LIF in addition to standard therapy (LIF group).  The 

decision for a subject to undergo LIF was made by the treating ophthalmologist and 

neurologist if the patient was eligible.  

 

The inclusion criteria for LIF were: 1) time to presentation of CRAO within 

15 hours of symptom onset; 2) a presumed thromboembolic cause; 3) no evidence of 

vasculitis by clinical assessment or laboratory studies (e.g., erythrocyte 

sedimentation rate [ESR]); and 4) no evidence of hypoperfusion of the ipsilateral 

internal carotid artery as a cause of CRAO documented either angiographically or 

with duplex ultrasonography.    Exclusion criteria included uncertain time of CRAO 

onset, a current or previous history of systemic hemorrhage within the last 3 months, 

brain imaging showing evidence of intracranial hemorrhage, clinical evidence of 

CRAO from giant cell arteritis, or inability to obtain subject consent. 

 

Standard therapy of CRAO included ocular paracentesis, carbogen inhalation, 

topical intraocular pressure lowering agents, or a combination of these. All patients 

eligible for LIF underwent computerized head tomography (CT) or magnetic 
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resonance brain imaging (MRI) with a FLAIR sequence to exclude cerebral 

hemorrhage.  

 

A diagnostic four-vessel angiogram was performed under local sedation to 

assess the intracranial vasculature, with an emphasis on the patency of the ipsilateral 

carotid and ophthalmic arteries.   All angiograms and LIFs were performed by KM 

or PG.  LIF was performed by advancing a guide catheter using a fluoroscopic 

roadmap of the internal carotid artery ipsilateral to the affected eye, following which 

3000 units of heparin were infused to prevent peri-procedural thrombosis.  A 1018 

microcatheter (Boston Scientific, Natick, Massachusetts) steamed to the shape 

conforming to the ophthalmic artery siphon was then advanced to the origin of the 

ophthalmic artery and aliquots of 3mg tPA, in 3cc normal saline increments, were 

infused over 5 minutes each. Aliquot infusion was stopped if there was a clinical VA 

improvement, or a pre-specified maximum dose of 20 mg of tPA was reached, at 

which time the guiding and micro-catheters were removed. All patients were 

admitted to an intensive care unit and partial thromboplastin time (PTT) was 

measured every two hours.  Once the PTT value had dropped below 1.5 times the 

normal value, an infusion of intravenous (IV) heparin was begun, without a bolus, 

using a weight-based nomogram.  Once the therapeutic range of a PTT value of 1.5 

to 2.5 times normal was reached the PTT was checked every 6 hours.  The IV 

heparin infusion was stopped after 24 hours.(96)  All adverse events were recorded. 

 

In both standard and LIF groups, VA was assessed on day 1 post-procedure 

and then daily until discharge. The final VA for all patients was obtained from the 

patients’ ophthalmologists for the most recent follow-up and the duration of follow-

up recorded. 
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5.3.1 Outcome Measures 

The primary outcome was defined as a one-line improvement in VA on the 

Snellen chart for patients with initial VA of 20/400 or better at 24 hours post 

admission. For patients with initial VA worse than 20/400, a improvement was 

considered to have occurred if VA improved from no perception of light (NPL) to 

light perception (LP), from LP to hand movement (HM), from HM to counting 

fingers (CF), and from CF to 20/400 or better at 24 hours following LIF.(39) 

Secondary outcomes included improvement in VA of three lines or more, signifying 

a doubling of visual angle (97) and achieving a VA of 20/200 or better, signifying 

the US definition for the cut-off for legal blindness.(98) Any adverse effects related 

to LIF were recorded.  

 

5.3.2. Statistical Methods 

Statistical analyses were performed with Stata statistical software, version 9.0 

(StataCorp TX 2005). Univariate comparisons between baseline categorical 

characteristics in the two groups were made using Fisher’s exact test.  Comparisons 

between continuous characteristics were made using a Student’s t-test, with 

adjustment for unequal variances when appropriate. Simple logistic regression was 

used to compare the primary outcome in the two groups, and multivariate stepwise 

logistic regression was performed including other covariates thought to be potential 

confounders.  These variables were selected for clinical reasons or because they were 

found to have univariate associations with either the outcome or the use of LIF.   

 

Although the initial analyses were performed using an automated stepwise 

comparison, subsequent decisions were made based on clinical importance, variables 
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with an adjusted p-value <0.10 (by likelihood ratio testing), those that moderately 

changed the point estimate for the primary variable of interest (LIF group), or those 

variables that were believed to be clinically significant despite non-significant p-

values were included in the final model. Goodness of fit was assessed using the 

Hosmer-Lemeshow statistic.  P-values for regression analyses were reported using 

likelihood ratio testing results.  In addition, for analysis of the primary outcome, 

multinomial logistic regression was performed, with a 3-level outcome 

(worsening/no change/improvement in VA) and appropriate adjustment for potential 

confounders.  Unless otherwise specified, an alpha < 0.05 was considered to be 

statistically significant. 

 

5.4 RESULTS 

5.4.1 Demographics and Vascular Risk Factors 

Twenty-one subjects with a mean age of 65±13 years and 57±15 years were in each 

of the LIF and standard treatment groups, respectively. The demographic details 

were comparable between the two groups (Table 8). The most common vascular risk 

factor was systemic hypertension in 71% and 65% of the LIF and control groups 

respectively. There were no significant differences in the proportion of individual 

risk factors between the two groups.  Two patients, one in each group, had ipsilateral 

carotid stenosis greater than 70% and underwent carotid endarterectomies 

subsequently.  
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Table 5.1 – Demographic Parameters in the LIF and control group 

 LIF group 
(n = 21) 

Control group 
(n = 21) 

p-value 

Age      (mean±SD) 65.1 ± 13 56.6 ± 15 0.07 
Gender (% male) 52.4% 33.3% 0.35 
 
Race 

   
0.31 

   Caucasian (%) 80.9% 61.9%  
   African-American   (%) 19.1% 33.3%  
   Asian (%) 
 
Vascular risk factors at admission (%) 
        Hypertension 
        Diabetes mellitus 
        Hypercholesterolemia 
        Current smoker 
        Prior cerebrovascular events  
        Coronary artery disease 
        Peripheral vascular disease 
 
Mean time to presentation 
(mean ±  SD hours) 

0 
 
 
71.4 % 
28.6% 
28.6% 
28.6% 
28.6% 
 
19.1% 
4.8% 
 
3.3 ± 2.0 

4.8% 
 
 
65.0 % 
23.8% 
33.0% 
38.1% 
23.8% 
 
19.1% 
4.8% 
 
25.8 ± 20 

 
 
 
0.74 
1.00 
1.00 
0.74 
1.00 
 
1.00 
1.00 
 
< 0.001* 

 

Table 5.1: Baseline demographic characteristics, vascular risk factors and time to 

presentation of LIF and control groups. Continuous variables are expressed as a 

mean ± standard deviation (SD) and comparisons are made with a Student’s t-test. 

Dichotomous variables are expressed as a percentage of the total number of subjects, 

with a Fisher’s exact test used to compare differences between the groups. 

* Statistically significant at an alpha = 0.05. 

 

The mean time between the onset of CRAO to presentation to an 

ophthalmologist or emergency room was 3.4±2.0 hours in the LIF group compared 

with 25.8±20 hours in the control group (95% CI: 13.5-31.4 hours; p<0.001.). In 

76% of controls, time of presentation after 15 hours was the main reason for not 

receiving LIF.  Six patients presented within 15 hours, but were not given tPA. Of 

these, two patients refused LIF treatment; two patients had significant medical co-
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morbidities and were deemed unsuitable for LIF; and one patient had an elevated 

ESR, raising the clinical suspicion of giant cell arteritis. This patient underwent a 

temporal artery biopsy that was negative and thus is included in our analysis. Finally, 

one patient had an ipsilateral internal carotid artery occlusion on angiography and the 

micro-catheter could not be passed through the occlusion for LIF. These patients all 

received standard therapy.   

 

The mean time from onset of visual loss to LIF was 9.3±2.9 hours. The mean 

time of the LIF procedure was 96.3±28.3 minutes.  The mean dose of tPA was 

11.25±3.5 mg. 

 

5.4.2 Visual Outcome 

VA at presentation was 20/400 or worse in all patients. There was no statistically 

significant difference in the distribution of VA at presentation between the two 

groups using Fisher’s exact test (Table 5.2).  

 

Table 5.2 – Visual acuity at admission for the LIF and control groups.  

Initial acuity LIF group 
(n=21) 

Control group 
(n=21) 
 

 
 
 
p=0.31 

    No light perception 4.8% 9.5%  
    Light perception 9.5% 23.8%  
    Hand movement 47.6% 19.1%  
    Count fingers 28.6% 28.6%  
    20/800 0 9.5%  
    20/400 9.5 % 9.5%  
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In the LIF group, 71% experienced a 1 line or more of improvement in VA 

within 24 hours following completion of LIF compared with baseline versus 10% in 

the control group (p<0.001).  At final examination, 76% of subjects in the LIF group 

had an improvement in VA of 1 line or more (mean follow-up, 15 months) versus 

33.3% in the control group (mean follow-up time, 11 months) (p=0.018) (Table 5.3). 

 

 Table 5.3 – Visual Acuity Within 24 Hours Following LIF or Standard Therapy and 

at final examination 

  LIF group 

(n = 21) 

Control group 

(n = 21) 

p-value 

Immediate vision change at 24 hours post admission 

Visual improvement (by ≥ 1 line) 71.4% 9.5% <0.001* 

No change in vision 28.6% 71.4%  

Visual worsening (by ≥ 1 line) 0% 19.1%  

Vision change at final follow up 

Visual improvement (by ≥ 1 line) 76.2% 33.3% 0.018* 

No change in vision 19.0% 38.1%  

Visual worsening (by ≥ 1 line) 4.8% 28.6%  

Follow-up time  (months ± SD) 15.2 ± 15.7 11.2 ± 13.1  

*Statistically significant p<0.05 

 

Univariate logistic regression for the primary outcome showed that patients 

who received LIF were 6.4 times more likely to have an improvement in VA 

compared with the control group (95% CI 1.65-24.77, p=0.0045).  Adjusted analysis 

(including adjustment for gender, prior history of stroke/TIA, and history of 

hypercholesterolemia) yielded an odds ratio (OR) for an effect of LIF of 36.0 (95% 

CI: 3.09 - 417.6; p=0.0001). We assessed for interaction between use of LIF and 

prior conservative measures, as well as between LIF and baseline acuity.  No 
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significant interaction was found (OR 1.97, p=0.57 and OR 4.5, p=0.19 

respectively).  

 
Secondary analyses were performed using a 3-level outcome measure.  The 

reference group was no change in visual acuity.  Using the same set of covariates 

described in the multivariate model, subjects were 22 times more likely to experience 

improvement in VA and 86% less likely to experience worsening of VA if they 

received LIF (adjusted; p=0.0003).  In addition, a history of hypercholesterolemia 

impacted negatively on visual outcome, although only in the adjusted models 

(adjusted OR = 0.10; 95% CI: 0.012 – 0.85, p = 0.02).   

 

Table 5.4 : Multivariate logistic regression analysis with adjusted odds ratio for 

visual acuity improvement 

Variable Multivariate logistic regression with 

adjusted odds ratios (OR) 

LIF OR= 36.0, p=0.0001 * 

History of elevated cholesterol OR= 0.10, p=0.0195 

Prior TIA or stroke OR= 0.11, p=0.054 

Female gender OR= 0.08 , p=0.025 

*p<0.05 

Multivariate stepwise logistic regression adjusting for gender, prior history of 

stroke/TIA and history of hypercholesterolemia showed that LIF was the most 

statistically significant factor associated with VA improvement. 

 

A post hoc analysis was performed using a visual acuity improvement of 3 

lines or more. One third of the group receiving LIF had an improvement of VA by 3 

lines or more compared with 4.8% of the standard therapy group (p=0.018). On 
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multi-logistic regression analysis subjects undergoing LIF had a 13 times increased 

likelihood of achieving a VA improvement of 3 lines or more compared with those 

receiving standard therapy (OR=13, 95% CI: 1.2 – 145; p=0.03).  In addition, 

subjects in the LIF group were 4.9 times more likely to have a final VA of 20/200 or 

better (OR 4.9, 95% CI : 1.05-23.4; p=0.04). 

 
5.4.3 Complications 

Two patients in the LIF group had groin hematomas that resolved without 

long-term sequelae.  No intracerebral, intraocular or orbital hemorrhages occurred in 

any patients in either group. 

 

5.5 DISCUSSION  

Patients with presumed thromboembolic CRAO have a poor visual outcome, 

with  78% having no spontaneous visual recovery.(1) Current standard therapies do 

not alter the natural history of disease whereby 0-30% may have spontaneous 

improvement.(1, 20, 65) In contrast, case series of patients with CRAO who undergo 

LIF report an improvement in final VA in 40 to 74% of subjects, and retrospective, 

non-randomized studies of LIF treatment in CRAO document an improvement of 

VA in 20-70% of LIF subjects.(39, 52, 99) 

 

In our study, 71% of subjects in the LIF group had an improvement of VA 

within the first 24 hours and 76% at final examination.  In contrast, 9.5% and  33.3% 

of patients in the standard therapy cohort experienced improvement in VA at 24 

hours and final examination respectively. These point estimates are in keeping with 

previous studies and more importantly demonstrate a significant therapeutic 
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advantage over the proportion of subjects who have a VA improvement either 

spontaneously or with standard therapy alone.(1, 20, 65) This is reflected in the 

regression analyses where the use of tPA was associated with a 36-fold greater 

likelihood of recovery of VA versus standard therapy.  In addition the benefit of tPA 

was also found using a more stringent outcome measure of an improvement in VA of 

3 lines or more. 

 

LIF is not without potential risk. Cerebral ischemia,(39, 53, 56) intracerebral 

hemorrhage,(55) and bleeding at the site of femoral catheterization have been 

documented.(53) The hemorrhage risk is related to the dose of thrombolytic, whereas 

the ischemic stroke risk may be related to the procedure duration.(93-95) Our study 

was unique in that we used a dose titration of tPA in aliquots until clinical 

improvement of CRAO occurred. Using this approach, the mean tPA dose of 

11.3±2.5 mg was smaller compared with a range of 30-70 mg of tPA used in 

previous studies.(39, 53, 55, 56) The duration of LIF of 96.3±28.3 minutes was 

within the range of procedural times of 70-150 minutes previously cited.(39, 55)  

 

An important consideration in determining the risk-benefit ratio of LIF in 

CRAO in regular clinical practice is the severity of adverse events. In contrast to 

thrombolysis in cerebral ischemia where the rate of hemorrhage varies from 3 to 

20%, (49, 100, 101) there are no reports of intraocular hemorrhage to date.  The 

thrombolytic-related intracranial hemorrhage risk, according to the myocardial 

infarction literature, is 1%.(51, 102) 

 

 The rationale for thromboembolic CRAO fibrinolysis is the assumption of a   

fibrin-platelet clot composition that may be thrombolytic-responsive. Criticism of 
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this assumption revolves around the fact that in one study of CRAO due to emboli, 

57% (40/70) were found to be of the cholesterol type.(1, 36, 58)  It is commonly 

thought that the site of occlusion in CRAO is at the level of the lamina cribrosa and 

as such is not visible on fundoscopic examination.(64, 103) The study by Arruga et 

al.(58) demonstrating the high proportion of patients with cholesterol emboli was a 

study of visible emboli and does not necessarily reflect the distribution of emboli 

types in CRAO.  It thus does not invalidate the use of thrombolysis.  

 

 

In internal carotid occlusion models of ischemic stroke in primates, relief of 

the occlusion results in recovery of cortical action potentials by salvaging cells in the 

ischemic penumbra.(104)  Similarly, reperfusion after occlusion of blood flow in 

CRAO primate models also results in restoration of retinal and visual evoked 

potentials.(34, 35) These findings, and the observation in permanent CRAO of the 

presence of a sluggish retinal circulation on fluorescein angiography, suggests the 

presence of collateral blood supply and a retinal penumbra.(1, 36) Reperfusion of 

this retinal penumbra could explain the marked VA improvement following LIF. 

 

A potential limitation of this study is its non-randomized nature that is subject 

to selection bias. In our study, the time to presentation was much shorter in the LIF 

group as compared to the standard therapy group.  The fact that subjects arriving 

earlier were selected for LIF reperfusion therapy, compared with those who arrived 

later and were treated with standard therapy, could skew the results in favor of 

thrombolysis. Nevertheless, the point estimate of the efficacy of thrombolysis 

corresponds with previous studies and is above that of the rate of spontaneous 

recovery in CRAO.  
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Another limitation is the lack of fluorescein angiography and visual field 

assessment in all patients, making it impossible to subclassify our subjects with the 

same degree of detail as previous studies.(1) Although it is possible that the apparent 

efficacy of LIF in our study reflects the spontaneous recovery rate described in 

transient CRAO; transient CRAO comprise about 16% of all CRAOs.(1)  We believe 

that the probability that we enrolled consecutive transient CRAO subjects in our LIF 

group is low and our sample likely reflect the majority of CRAO cases that are 

thromboembolic in origin. 

 

5.6 CONCLUSION 

Our results support the hypothesis that the treatment of acute thromboembolic 

CRAOs with LIF administered in aliquots results in a better visual outcome than 

standard therapy alone, and has few complications.  It is a biologically plausible 

therapy modeled on the treatment of similar conditions such as stroke and 

myocardial infarction. Nevertheless, because of the non-randomized nature of this 

and previous studies, LIF use cannot be recommended as standard therapy in daily 

clinical practice, pending the publication of randomized clinical trials.(105) Such a 

trial is already underway in Europe, and a further trial in North America may be 

warranted in the light of these findings. 

 

5.7 CONTRIBUTION STATEMENT 

I am the co-first author for this manuscript published in Stroke (Impact factor 7.041, 

ERA ranking A). 

Aldrich EM,* Lee AW,* Chen CS,* Gottesman RF, Bahouth MN, Gailloud P, 

Murphy K, Wityk R, Miller NR. Local Intraarterial Fibrinolysis Administered in 



 81 

Aliquots for the Treatment of Central Retinal Artery Occlusion. The Johns Hopkins 

Hospital Experience. Stroke. 2008; 39(6):1746-50. *first authors contributed equally 

(Appendix 5) 

I, in conjunction with Drs Eric Aldrich and Andrew Lee, wrote and revised the 

manuscript and was involved in collecting data for this study. EMA, AWL and CSC 

are thus acknowledged as having contributed equally in their roles as joint first co-

authors in this manuscript 

Dr Rebecca Gottesman performed the statistical analyses. 

Ms Mona Bahouth collected the initial data. 

Drs Gailloud and Murphy performed the interventional procedure for intra-arterial 

thrombolysis and wrote the methods section for the interventional procedures. 

Dr Robert Wityk was involved in recruitment of subjects, study design and revising 

the manuscript. 

Dr Neil Miller is the Senior Author and was integral in the conception of the study, 

implementation of the protocol and reviewed the overall manuscript. 

 



 82 

  

 

Chapter 6 

 

Feasibility and time 

window of administering 

thrombolysis in acute 

CRAO 



 83 

6.1 PRECIS 

Thrombolysis may improve visual outcomes in acute CRAO but a randomized 

controlled trial (RCT) was required to determine its efficacy.  In planning such a 

study it was important to determine the proportion of individuals with CRAO who 

would present within an acceptable study time window to receive tPA and also to 

characterize potentials causes of delayed presentation. The aim of the work described 

in this chapter was to ascertain, through audit, the timing and mode of presentation of 

individuals with potentially thrombolysable CRAOs. In this series, 31 patients with 

acute CRAO were identified who were treated at an Ophthalmology Department.  

The mean time from onset of vision loss to presentation was 31 hours ± 65 hours. 

Eighteen patients (58%) presented within 20 hours of vision loss, and the majority 

presented first to a general practitioner. Fifteen patients (48%) were reviewed by an 

in-hospital ophthalmologist within 20 hours of vision loss. The mean delay from the 

referring source to assessment by an in-hospital ophthalmologist was 5.2 hours 

(median 3.3 hours, range 50 minutes to 24 hours). This delay was, on average, 

shorter for patients referred directly to an ophthalmology clinic. This study showed 

that just under half of CRAO present to an in-hospital ophthalmologist within the 20 

hour therapeutic time window for thrombolytic therapy and thus could qualify for 

inclusion in a randomised controlled trial. 
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6.2 INTRODUCTION 

Central retinal artery occlusion (CRAO) is an acute occlusion of the central 

retinal artery (CRA) resulting in acute, painless monocular visual loss and is 

analogous to an ischemic cerebral stroke. Spontaneous recovery rates are poor, with 

less than 10% of all patients reporting a significant recovery of visual acuity 

(VA).(20, 65) Like cerebral ischemia, CRAO is caused by thrombi or emboli 

consisting of platelet fibrin material.(6) A number of recommended therapies for 

thromboembolic CRAO have been used in daily clinical practice, but a recent 

Cochrane meta-analysis found that they did not improve visual outcomes beyond the 

natural course of disease.(18)  

 

Thrombolysis using tissue plamsinogen activator (tPA) has been licensed for 

the treatment of acute cerebral ischaemia in a number of countries based on 2 pivotal 

randomized controlled trials of efficacy, (49, 106) supported by an ongoing 

prospective multi centre registry of effectiveness.(107, 108) There is evidence that 

tPA could also be used in the treatment of CRAO.(109) The main barrier to 

implementation is the absence of a randomized controlled trial confirming efficacy 

and the fact that most publications have centred around the intra-arterial delivery of 

thrombolytics.(109)  

 

It is an accepted principle that the earlier reperfusion occurs in an ischemic 

end organ, the better the prognosis. In ischemic stroke, the shorter the delay between 

symptom onset and the administration of thrombolytic, the better the prognosis and 

the less chance there is of developing a symptomatic intracranial hemorrhage. While 

the time window for tPA use in ischemic stroke is well defined, tPA for CRAO has 

been deployed up to 24 hours of symptom onset. The European Assessment Group 
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for Lysis in the Eye (EAGLE) study has a time window of 20 hours for intra-arterial 

tPA use.(105) One of the limitations in conducting a randomized controlled trial of 

tPA in CRAO is its low incidence of 1 in 10,000 ophthalmic outpatient visits.(42) In 

planning such a study it would be important to determine the proportion of 

individuals with CRAO who would present within an acceptable study time window 

to receive tPA, and also to characterize potentials causes of delayed presentation. 

 

In this paper, we presented an audit on the presentation of individuals with 

potentially thrombolysable CRAOs to our hospital. Specifically, we described the 

time-to-presentation, mode of presentation, and aimed to identify possible causes of 

delay. 

 

6. 3 METHODS 

A retrospective audit of all patients diagnosed with acute CRAO referred to 

the Ophthalmology Department at the Flinders Medical Centre between January 

1997 and July 2008 was performed. 

 

All patients had CRAO confirmed clinically by an ophthalmologist. Patients 

with arteritic CRAO were excluded from the study using standard clinical criteria 

and investigations such as inflammatory markers and tissue pathology. Five patients 

in whom there was clinical and/or biochemical suspicion of giant cell arteritis 

underwent temporal artery biopsies, all of which were negative. 

 

Data collected included age, gender, time of symptom onset, time-to-

presentation, type of health provider at presentation (general practitioner, emergency 

department, optometrist or ophthalmologist), and the time interval between symptom 
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onset and in-hospital ophthalmologist review. Continuous variables are presented as 

a mean ± standard deviation (SD). 

 

6.4 RESULTS 

Thirty one patients were identified with acute loss of vision from CRAO. 

Their mean age was 73 ± 9.5 years years. The mean time from loss of vision to initial 

presentation to a health care provider was 31 ± 65 hours (median 17, range 1.5 to 360 

hours). The timing and initial health care provider are detailed in Table 1. Eighteen 

patients (58%) presented within 20 hours of vision loss, of which the 9 out of the 18 

(50%) were first assessed by a general practitioner.  

Table 6.1. Timing and Mode of Presentation of Patients with CRAO. 

Initial Health Care 

Provider 

Number of 

patients 

Mean time from onset of 

vision loss to health 

provider consultation 

(hours ± SD) 

Number 

presenting 

within 20 hours 

of vision loss 

(%) 

General Practitioner 12 13.4 ± 10.7 9 (75%) 

Emergency Department 8 13.1 ± 11.9 5 (63%) 

Ophthalmologist  10 71.0 ± 111.0 4 (40%) 

Optometrist 1 24.0 0 (0%) 

TOTAL 31 31.2 ± 65 18 ( 58%) 

Abbreviations: CRAO, central retinal artery obstruction; SD, standard deviation. 

 

Ten patients were seen by an ophthalmologist following the acute visual loss.  

Three patients presented directly to an in-hospital ophthalmology clinic but seven 

were seen by an ophthalmologist in private practice outside a teaching hospital.   
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Table 6.2 : Analysis of referral pattern and referral detail to the in-hospital 

ophthalmologist from the initial health care provider 

 
Initial Health 
Care Provider 

Number of 
patients 

Referred 
urgently 
within 24 
hours 

Number 
referred 
urgently 
who were 
within  
20 hours of 
symptom 
onset 

Number of 
patients 
seen within 
20 hours of 
symptom 
onset by an 
in-hospital 
ophthalmol
ogist  

Mean delay 
from initial 
provider to 
in-hospital 
ophthalmolo
gist (hours± 
SD)  

General 

Practitioner 

12 11 9 6 4.9 ± 6.3 

Emergency 

Department 

8 8 5 5 5.3 ± 7.7 

In-hospital    
3 

N/A 2 2 N/A Ophthalmologist  10 

Private 

practice 7 
3 2 2 7.3 ± 13.6 

Optometrist 

 

1 1 0 0 4.0 ± 0 

TOTAL 

 

31 23 18 15  5.2 ± 2.8 

N/A not applicable 
 

Of the remaining 28 patients who were seen by a  health care provider who is 

not an in-hospital ophthalmologist, the referral pattern showed that 23 out of the 28 

were referred urgently within 24 hours.  Analysis of the 5 that were referred non-

urgently showed that 4 were from an ophthalmologist in private practice outside a 

teaching hospital and one from a general practitioner in a non-metropolitan region.  

The four patients from the ophthalmologists in private practice presented three or 

more days after the onset of symptoms and were hence referred non-urgently.  The 
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patient from the non-metropolitan area was seen after one day, when transport 

arrangements were made. 

 

Of the total study cohort, 15 (48%) reached an in-hospital ophthalmologist 

within 20 hours of symptom onset. The mean delay for urgent referral on the same 

day (n=23) from presentation to a health care provider until review by an in-hospital 

ophthalmologist was 5.2 ± 2.8 hours (median 3.3 hours, range 50 minutes to 24 

hours).  

 

Of the 11 patients seen by a general practitioner who were referred urgently 

on the same day, three cases were referred directly to the in-hospital 

ophthalmologist.  The mean delay in this group was shorter, being 2.4±2.4 hours 

(median 1.3 hours, range 1.0-6.0 hours).  The rest were sent to the Emergency 

Department where they were then directed to the Ophthalmology Department.  

 

6.5 DISCUSSION 

Just under half (15/31, 48%) of our cohort of CRAO patients were reviewed 

by a hospital ophthalmologist within 20 hours of symptom onset and therefore could 

qualify for a thrombolysis trial based on time of symptom onset alone according to 

the EAGLE inclusion criteria.(105) CRAO patients were on the whole either seen by 

a general practitioner or an ophthalmologist as their first health practitioner and a 

large proportion of these could qualify for thrombolysis based on a 20 hour time 

window. 

 

Time to intervention in CRAO is crucial. In animal models of total occlusion 
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of the retinal artery, complete recovery occurs if the occlusion is released within 97-

100 minutes.(35) In vivo fluorescein angiography in humans suggest that occlusion 

of the central retinal artery is often subtotal, with some residual delayed flow from 

the incompletely occluded central retinal artery assisted by choroidal collaterals.(39)  

The presence of residual retinal tissue perfusion may be the mechanism whereby 

observational studies of thrombolysis suggest benefit even after 24 hours of visual 

loss.(39, 56)  

 

The John Hopkins Hospital study excluded CRAO patients who presented at 

more than 15 hours after visual loss.(62) Seventy-six percent of patients receiving 

intra-arterial thrombolysis (n = 21) compared to 33% of patients receiving standard 

therapy (n = 21) had a visual acuity improvement of one or more lines on a Snellen 

chart (p = 0.018). A retrospective case series performed by Richard et al investigated 

53 patients (46 with CRAO and 7 patients with branch retinal artery occlusion) who 

were treated with intra-arterial thrombolysis.(56) The mean time to treatment was 

14±10 hours. In 66% of patients, vision improved by at least one line on a Snellen 

chart. Schmidt et al did not have exclusion criteria in their retrospective cohort study, 

however the mean time to treatment for patients receiving intra-arterial thrombolysis 

was 10.8±9.5 hours and 58% of patients receiving thrombolysis demonstrated 

improvement in visual acuity, compared to 29% in the control group (p = 0.002).(39) 

Subgroup analysis demonstrated that both the frequency and the extent of visual 

recovery was greater in patients who received thrombolysis within 6 hours, but noted 

that visual improvement was still observed in patients receiving treatment at more 

than 14 hours after visual loss.  
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A number of important aspects became apparent in this audit. First, the 

majority of referrals came from general practitioners (GP). One possible reason for 

this is the relative ease of obtaining an appointment in a GP clinic compared to an 

appointment in an ophthalmology clinic. In this study, only 3 patients (9.6%) were 

seen by an in-hospital ophthalmologist.  In comparison to the study by Schmidt et al, 

76.7% of retinal artery occlusions were seen within 24 hours in a university teaching 

hospital ophthalmology eye department.(61)  This likely reflects a difference in the 

structure of the health care system between countries, as well as differences in infra-

structure relating to patient education.  Similar to the public education campaign for 

symptom recognition of heart attacks and acute stroke, if thrombolysis is proven to 

be a feasible and safe treatment option, public awareness must be raised of the 

symptoms and presentation, to aid early treatment.   

 

Second, patients were assessed more quickly when they were referred 

directly to the in-hospital ophthalmologist compared to those who were referred to 

the emergency department first, then re-directed to the ophthalmology department. 

Education of primary care providers for prompt recognition of acute central retinal 

artery occlusion and potential management options, and the time window for 

effective treatment thus is important, and a pathway needs to be set-up for fast access 

to an in-hospital ophthalmologist.  This issue of the rapid transfer of care to the 

specialist responsible for reperfusion therapy has been emphasized repeatedly in the 

stroke literature and often requires structural re-organization for rapid tPA 

delivery.(110) Such re-organization mandates the use of pre-hospital assessment 

tools for the rapid identification of stroke patients that would qualify for 

thrombolysis and couples this with the activation of a stroke response team according 
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to a set protocol.(111) For thrombolysis in CRAO to work, be it in standard clinical 

practice or a study situation, a similar set of protocols needs to be designed, or better 

still, CRAO as a disease needs to be on to the existing framework for thrombolysis in 

cerebral ischemia. Despite the absence of a rapid response CRAO protocol, just 

under half of our current CRAO population could be potential subjects for a 

thrombolysis study. 

 

6.6 CONCLUSION 

CRAO is an ocular emergency with no known effective therapies at present. 

Thrombolytic therapy with tPA shows promise, but requires confirmation in a 

randomized control trial in which a short time interval between symptom onset and 

treatment is crucial. This current audit demonstrates that just under 50% of CRAO 

patients were reviewed by a hospital ophthalmologist within the 20 hour time 

window for thrombolytic therapy and thus could qualify for inclusion in such a 

study. The most efficient way to prevent delays in therapy may be to add CRAO to 

existing stroke thrombolysis protocols, and emphasize the importance of 

collaboration between vascular neurology and ophthalmology specialists for such a 

randomized controlled trial to occur. 
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clinical trial 

to assess the efficacy of 

intravenous thrombolysis 

in acute CRAO 
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7.1 PRECIS 

I designed and registered the first randomized controlled clinical trial to determine 

the efficacy of intravenous thrombolysis in acute treatment of central retinal artery 

occlusion (CRAO) {Australia and New Zealand Clinical Trial Registry 

12608000441314 http://www.ANZCTR.org.au/ACTRN12608000441314.aspx}.  It 

is a phase II, placebo-controlled, double blind, randomised controlled trial comparing 

intravenous tissue plasminogen activator at 0.9mg/kg to placebo (normal saline) 100 

ml in a 1:1 block randomization. The primary outcome measure is an improvement 

of 3 lines or more on the Snellen visual acuity chart which signifies a doubling of the 

visual angle. The trial was terminated early due to a significant adverse event of an 

intracerebral hemorrhage in a patient given tPA.  The Data Safety and Monitoring 

Committee called a review of the study.  Analysis of the results showed that there 

was no difference in VA between placebo and tPA groups at 6 months. Subgroup 

analysis demonstrated that tPA administered within 6 hours of symptom onset had an 

improvement in visual acuity (mean logMAR improvement of -1.1).  Therefore, the 

use of tPA, even in a radiologically normal brain, is not without risk of intracerebral 

hemorrhage and cannot be recommended in routine clinical practice pending further 

study of the optimal time window for intervention. 
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7.2 INTRODUCTION 

Central retinal artery occlusion (CRAO) is an acute stoke of the eye, most 

commonly caused by an embolus or thrombus occluding the central retinal artery.  

This results in acute visual loss, occurring at a rate of 1 per 10,000 ophthalmology 

outpatient visits.(10). The visual prognosis of CRAO is poor with 61% of patients 

having a final visual acuity (VA) of 20/400 or worse.(1)  

 

In acute CRAO, standard therapies include ocular massage, paracentesis, 

inhalation of a mixture of 95% oxygen and 5% carbon dioxide (carbogen) and other 

methods of reducing intraocular pressure. These treatments have not been shown to 

improve visual acuity beyond the natural history of disease.(18, 49, 64, 65)  

 

Systemic thrombolysis has been successful in restoring perfusion to ischemic 

tissue by fibrin-platelet clot lysis in ischemic stroke and myocardial infarction.(49, 

50) In several open-label studies, local intra–arterial thrombolysis using catheter 

angiography was efficacious in the treatment of CRAO, with up to 60-70% of treated 

subjects experiencing an improvement in visual acuity (VA).(40, 52, 53, 56, 112) 

From a clinical standpoint, the intra-arterial administration of thrombolytic would 

limit its availability to subjects presenting to hospitals that have highly specialized 

interventional neuro-radiology services. Furthermore, angiography is an invasive 

procedure that can occasionally cause embolic stroke. A recent randomized 

controlled trial using intra-arterial fibrinolysis in acute CRAO did not demonstrate 

the superiority of intra-arterial fibrinolysis over conservative standard therapy. 

Instead, there was a higher rate of adverse events including cerebral hemorrhage and 

as such, the authors concluded that intra-arterial fibrinolysis should not be used as a 

standard treatment for acute CRAO.(114) 
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An alternative route of administering thrombolytic is by intravenous 

injection.  This has the advantage of being a non-invasive procedure with increased 

accessibility given an intra-arterial approach required the use of a neuro-radiology 

intervention service.(116) A systematic review of all observational studies of 

intravenous tPA in acute CRAO showed that 48.5% of subjects had a 4 lines or more 

visual acuity improvement with fewer complications when compared with intra-

arterial administration.(59) Hattenbach et al. used low dose intravenous tPA in acute 

CRAO and noted that one third of cases (32%) had three or more lines of vision 

improvement and those treated within 6.5 hours had significantly better vision 

improvement.(70)  The risk of intracerebral hemorrhage would be expected to be low 

given that concurrent cerebral stroke and CRAO is rare  and thus cerebral vessels and 

parenchyma should be normal. Based on this assumption, the risk of hemorrhage 

should approximate 0.3% (95% CI 0.2-0.4), based on the more than 6000 patients in 

the GISSI-2 trial who received systemic tPA in myocardial infarction.(113) (117)  

 

The optimal time window for treating an acute CRAO is unknown.  In 

cerebral ischemic stroke, tPA is approved for treatment within 4.5 hours of symptom 

onset.(49) Animal models of CRAO have suggested that the retina can tolerate up to 

97 minutes of ischemia before irreversible retinal damage occurs. Partial recovery 

was seen after ischemia of up to 240 minutes.(35) In most retrospective 

interventional case series, clinical improvement with tPA has been observed up to 12 

hours after the onset of retinal ischemia.(39, 52, 54, 56, 112) Aldrich et al.(62) 

reported a prospective non-randomised study of intra-arterial tPA use in CRAO up to 

15 hours from the onset of CRAO and 75% of tPA patients had visual acuity 

improvement. There were no cases of hemorrhage, locally or systemically amongst 
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the 21 patients.  The European Assessment Group for Lysis in the Eye (EAGLE) 

study was designed in 2006 as a prospective randomised trial to assess the efficacy of 

intra-arterial thrombolysis within 20 hours of onset of acute CRAO to allow 

treatment within 24 hours.(105) 

 

Given the convenience of intravenous delivery and the fact that the time 

window for thrombolysis in CRAO could extend to 24 hours, we hypothesized that 

intravenous tPA given within 24 hours of onset of CRAO would improve visual 

recovery compared with placebo as assessed by visual acuity.  We therefore have 

designed and registered an open label, RCT to study the efficacy of intravenous tPA 

in CRAO (http://www.ANZCTR.org.au/ACTRN12608000441314.aspx).  To our 

knowledge this is the first RCT of intravenous tPA in CRAO.  

 

7.3 METHODS 

7.3.1 Design 

An open label, phase II, proof of concept placebo controlled, randomised 

clinical trial of intravenous tPA in the treatment of CRAO. 

 

7.3.2 Patient Population - inclusion and exclusion criteria 

Inclusion criteria:  

• Age ≥ 18 years 

• Acute CRAO within 24 hours of onset of symptoms (ie within 24 hours of last 

known time with normal vision) 

• A presumed thromboembolic cause 

• No evidence of temporal arteritis by clinical assessment or laboratory studies 

(e.g., erythrocyte sedimentation rate [ESR]) 
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• No acute intra-cranial haemorrhage infarction or mass on non-contrast CT brain  

• No ipsilateral carotid artery occlusion on CT angiography. 

 

Exclusion criteria: 

• A history of intracerebral haemorrhage at any stage 

• A history of ischaemic stroke within the last 3 months 

• A history of systemic haemorrhage within the last 3 months 

• Inability to obtain informed consent 

• Pregnancy 

• Clinical, biochemical or imaging predictors of increased risk of intracerebral 

haemorrhage including:  

o Major surgery or trauma within 2 weeks 

o Gastrointestinal or urinary bleeding within 3 weeks 

o Arterial puncture or lumbar puncture within 7 days 

o A platelet count of <100 x 109 per liter 

o Heparin administered within the last 48 hours or vitamin K antagonist 

with an international normalised ratio (INR) of  >1.6 

o Systolic blood pressure of >185 and diastolic blood pressure of >110 

mmHg 

o Serum glucose >22 mmol/L 

 

7.3.3. Randomization 

Treatment were be randomized 1:1 in a block design via a website run by the 

co-ordinating centre at Flinders Medical Centre, Adelaide. A concealed print-out of 

treatment allocation were be passed to the administering nurse instructing the dose of 
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tPA or placebo to be prepared.  The patient and assessing doctors remained blinded 

to treatment allocation to avoid bias.  

 

7.3.4. Treatment or intervention 

Alteplase (Actilyse® Boehringer Ingelheim, GmbH, Germany) was 

administered intravenously according to the standard stroke unit protocol of 0.9 

mg/kg (max 90 mg) with a 10% bolus given over 1-2 minutes, followed by 90% 

infusion over 1 hour. No antiplatelet or anticoagulants were given for 24 hours after 

tPA.  

 

Clinical data collected included patient age, gender, vascular risk factors, 

medication list, visual acuity at presentation, ophthalmological and neurological 

findings, time from onset of symptoms to presentation, treatment received and visual 

outcomes. These data were entered via a secure website and the de-identified data 

transferred to the study co-ordinator in Adelaide. 

 

Patients were admitted to a Stroke Unit and received standard investigations 

and management to address vascular risk factors.  Participants were examined by an 

ophthalmologist blinded to treatment allocation on day one to document the visual 

acuity and some received a repeat visual field and fluorescein angiography prior to 

discharge from the Stroke Unit.  All participants were followed up clinically and 

with computerised visual field assessment at 1 month, 3 months and 6 months in the 

neuro/ophthalmology outpatient clinic. The assessors remained blinded to treatment 

allocation. 
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All adverse events, in particular haemorrhagic complications, were documented at 

each visit and patient given access to the Principal Investigator of each participating 

centre at the Flinders Medical Centre, the Royal Victorian Eye and Ear Hospital/St. 

Vincent’s Hospital Melbourne and Sydney Eye Hospital/St. Vincent’s Hospital 

Sydney, to discuss any concerns. All serious adverse events (e.g. hemorrhage or 

allergic reaction) were reported immediately (within 24 hours) to the Data Safety and 

Monitoring Board (DSMB). The report of such an event triggered an immediate halt 

to the study and an analysis of results. 

 

7.3.5 Primary Outcomes 

The primary outcome was improvement in Snellen visual acuity by greater 

than or equal to 3 lines between baseline and 6 months. This reflects a doubling of 

the visual angle and is a standard endpoint in clinical trials using visual function as a 

clinical endpoint. 

 

7.3.6 Secondary Outcomes 

The secondary outcomes were mean improvement in Snellen acuity, mean 

deviation in visual field (dB) at 6 months and an exploratory analysis of the time 

course of visual recovery.  

 

7.3.7 Data Safety and Monitoring Body (DSMB) 

The DSMB was based at Flinders Medical Centre Adelaide and comprised of 

independent members including a stroke physician, two emergency physicians, a 

stroke nurse practitioner and the chief pharmacist. 
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All serious adverse events (eg haemorrhage or allergic reaction) were to be reported 

immediately (within 24hours) to the DSMB, to trigger a review of the study. The 

results of this review were fed back to the Human Resource Ethics Committee 

(HREC) overseeing the study. 

 

7.3.8 Sample Size 

Biousse et al.(59) performed a meta-analysis of 103 cases of acute CRAO 

treated with intravenous thrombolysis.  They found 48.5% had 3 lines or more of 

visual acuity improvement on reading the Snellen acuity chart. The “standard 

therapy” data demonstrated in the study by Aldrich et al.(62) showed that 4.8% of 

those treated with standard therapy achieved a 3-line or more of visual acuity 

improvement. Using the above figures (48.5% in treatment arm versus 4.8% in 

placebo arm), a sample size of 25 in each group was required to demonstrate an 

absolute difference of 43.7% in the proportion of subjects achieving a 3 line 

improvement in Snellen visual acuity with tPA compared to controls, at an alpha of 

0.05 and power of 80%.  

 

7.3.9 Statistical Analyses  

Nonparametric techniques (Mann-Whitney U-test), were used to compare 

tPA and placebo groups on the primary outcome, as well as by pre-specified time 

stratification into 0-6 hour, 6-12 hour and 12-24 hour treatment time windows. The 

dichotomous variables were analyzed using Fisher’s exact test. Statistical 

significance was considered using an alpha = 0.05. 

 

7.4 RESULTS 

7.4.1 Study Patients 
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From July 1st 2008 to April 1st 2010, 21 subjects presented with acute CRAO and 16 

were eligible for the study.  All 16 subjects consented to be involved in the study. 

The mean age was 70±9 years.  There were 11 men and 5 women. Fourteen patients 

were recruited from the Flinders Medical Centre, South Australia and 2 from the 

Royal Victorian Eye and Ear Hospital/St Vincent’s Hospital, Melbourne, Victoria, 

Australia.  Eight were randomized to intravenous tPA therapy and 8 received placebo 

consisting of an intravenous saline infusion.  Five people with acute CRAO were 

referred but were ineligible for the study based on the exclusion criteria; two were on 

vitamin K antagonists with an INR above 1.7, one had suspected giant cell arteritis 

that was later confirmed with a temporal artery biopsy and in two subjects, the time 

of onset could not be determined.  The patient flow is shown in Figure 7.1. 

 

There were no significant differences between the mean age of the 2 groups, 

the gender distribution or vascular risk factors (Table 7.1). The baseline VA between 
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the groups were comparable with vision of counting finger or worse at presentation 

(p = 0.25). The mean time to presentation was 6.5±5.2 hours. Subjects who were 

assigned to the placebo group had a shorter mean time of presentation compared to 

the t-PA group (p=0.04). The average time from the onset of CRAO to the patient 

receiving a treatment was 10.8±6.1 hours from the onset.  No patient in either the 

tPA or placebo group had neurological deficits prior to randomization (ie baseline 

NIHSS = 0 ). 

Table 7.1 : Patient characteristics between the two groups. 

Subject characteristics t-PA 
(n = 8) 

Placebo 
(n = 8) 

P - value 

 
Age (years) 
Male (%) 
Time to presentation 
(hours) 
Time to treatment 
delivery (hours) 
 
NIHSS at 
randomization 
 
VA at baseline 
     NLP 
     LP 
     HM 
     CF 
 
VA improvement by 3 
or more lines at 
   1 week 
   3 months 
 
Adverse events 
   ICH 
   retinal hemorrhage 
   systemic hemorrhage 
   retinal NV 
   death 

 

 
73 ± 8 

6 (75%) 
9.1 ± 6.1 

 
14.4 ± 6.5 

 
 
0 
 
 
 
0 
0 
5 
3 
 
 
 

2 (25%) 
0 
 
 

1 (12.5%) 
0 
0 

1 (12.5%) 
0 

 
67 ± 9 

5 (62.5%) 
3.9 ± 2.7 

 
7.3 ± 3.0 

 
 
0 
 
 
 
1 
2 
4 
1 
 
 
 
0 
0 
 
 
0 
0 
0 

1 (12.5%) 
0 

 
0.18 
0.59 

   0.04 * 
 

  0.01* 
 
 
 
 
 

0.25 
 
 
 
 
 
 
 

1.00 
 
 
 

0.54 

NIHSS National Institute of Health Stroke Score, NLP no light perception, LP light 
perception, HM hand movement, CF counting fingers, VA visual acuity, ICH 
intracerebral hemorrhage, NV neovascularization  
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7.4.2 Visual Outcomes 

At 1 week, 2 of the 8 patients (25%) who had received t-PA had an 

improvement in their VA of 3 lines or more.  One patient improved from HM to 6/24 

(log MAR 2.0 to 0.6) and another from CF to 6/36 (log MAR 1.6 to 0.8).  There were 

no changes in VA in the other 6 patients receiving tPA.  The mean change at 1 week 

was -0.275±0.53 log MAR in the tPA group compared to 0.05±0.14 (p= 0.144) in the 

control group. 

 

The change in VA at 1 months and 3 months are shown in Table 3.   There 

were no significant differences in the VA at 6 months between the tPA and placebo 

groups (p=0.535). 

 

Table 3 : Comparison of the mean Log MAR visual acuity between the two groups. 

 Mean LogMAR Visual Acuity 

 Baseline Change at 1 

week from 

baseline 

Change at 1 

month 

Change at 3 

month 

Change at 

6 month 

t-PA 1.85 ± 0.21 -0.275±0.53 -0.10±0.46 0±0.21 0.10±0.18 

Placebo 2.2 ± 0.44 0.05±0.14 0.05±0.14 0.05±0.14 0.05±0.14 

p – value 0.061 0.144 0.589 0.540 0.535 

 

The patient whose vision went from HM to 6/24 at 1 week decreased to 6/38 

(log MAR 0.8) at 1 month.  At 3 months, the vision was counting fingers (log MAR 

1.6) at the scheduled visit and a vitreous haemorrhage seen.  The patient was 

asymptomatic. Fundus fluorescein angiography (FFA) showed retinal 

neovascularization. The other patient had initial improvement in vision and noted 
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sudden vision deterioration.  Immediate ophthalmological examination showed no 

ocular hemorrhage and FFA showed delayed arterial filling.  In both cases, there was 

a relatively short symptom to t-PA delivery time of 6 and 4.5 hours respectively. By 

contrast, none of the patients receiving placebo had an improvement of their VA. 

 

Secondary outcome analysis of timing of presentation showed that only those 

presenting from 0-6 hours had VA improvement (Figure 7.2). 

 

Figure 7.2 : Change in visual acuity (logMAR) of patients with acute CRAO treated 

with intravenous tPA stratified by time of treatment (0-6, 6-12 and 12-24 hours from 

the onset of CRAO). 

 

7.4.3 Safety and adverse effects 

One subject had a serious adverse effect with an intracranial haemorrhage 

within 45 minutes of starting the t-PA infusion. The haemorrhage and subsequent 
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oedema were of sufficient severity to cause significant midline shift and he required 

intubation. He subsequently had a hemi-craniectomy and evacuation of the 

haematoma and was given pro-thrombinex and recombinant factor VII with a platelet 

infusion to reverse the effects of thrombolytic. He has made a good recovery with 

minimal right sided pyramidal deficits with a modified Rankin score of 2 on 

discharge. He had no recovery of vision from his CRAO. 

 

There were no deaths and no retinal or systemic hemorrhages. Two patients 

developed neovascularization of the retina, including the patient who had vitreous 

hemorrhage with deterioration in vision at 3 months.  The other patient received 

placebo treatment and had neovascularization of the disc seen at the 1 month review.  

The patient was asymptomatic and did not have increased intraocular pressure from 

neovascular glaucoma.  Both were treated successfully with panretinal 

photocoagulation. 

 

8.5 DISCUSSION 

This study is the first randomized, controlled trial of intravenous t-PA versus 

placebo in the treatment of CRAO.  Our results showed that the early improvement 

in VA of 3-lines or more seen in 2 subjects during the first week following t-PA was 

not sustained beyond 3 months.  Thus the primary outcome measure of a 3-line or 

more improvement in VA at 6 months was not achieved. Nevertheless, our study 

does provide important information for the design of future trials in terms of the time 

window for intervention as well as giving a point estimate for potential adverse 

effects. 

 

Previous human studies of CRAO have postulated that the time window for 
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intervention could extend to 24 hours.(105) The EAGLE study enrolled patients 

within 20 hours of symptom onset but did not show a significant change in visual 

function.  This study concluded that local intra-arterial fibrinolysis should not be 

used in acute CRAO.  Our study also demonstrated an overall lack of efficacy of 

thrombolysis, when using a 24 hour time window.  In the sub-group analysis, 2 

patients had significant improvement in VA when tPA was given within a 6 hour 

time window.  This suggests that earlier treatment may result in better outcomes. 

This is comparable to the finding by Hattenbach et al. who showed a visual acuity 

improvement if tPA was administered within 6.5 hours of symptom onset.   Whilst 

we agree with the EAGLE study that thrombolysis cannot be recommended as 

routine practice at present, review of the results suggest that it is not completely 

futile and possible subgroups may receive beneficial effect if an optimal time 

window can be defined. 

 

This study was halted by the Data Safety And Monitoring Board for 2 

reasons. First, there was no sustained improvement in VA in those patients receiving 

tPA compared with placebo. Second, one patient in the tPA group sustained a 

significant adverse event of an intra-cerebral hemorrhage (ICH) post tPA infusion.  

To date the point estimate of ICH post CRAO tPA treatment has been reported as 

low by virtue of the fact that the brain parenchyma is normal and concurrent 

ischemic stroke and CRAO rarely occurs.(113) The recent publication of the EAGLE 

study shows that thrombolytic use in CRAO is not without risk, with 2 of 42  (4.8%) 

of their lytic patients suffering an intracerebral hemorrhage and 1 of 42 (2.3%) 

experiencing a post-procedural haemorrhage and oral haemorrhage 

respectively.(114) Despite being of a young age (64 years) with no contraindications 

to thrombolysis (119) and with a normal brain on CT scan, a single tPA subject 
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developed an intracranial haemorrahge in our study.  Thus if one were to consider all 

symptomatic forms of haemorrhage post tPA, the risk is 9.6% even if t-PA is 

delivered intra-arterially, as in the EAGLE study. 

 

 In our protocol, we used a standard stroke intravenous thrombolysis protocol 

of 0.9 mg/kg alteplase in the tPA group, up to a maximum dose of 90 mg, with anti-

platelets medications such as aspirin administered 24 hours post infusion.  This 

differs from the Hattenbach study that used a low-dose 50mg alteplase with 5 days 

worth of intravenous heparin and daily oral aspirin. There were no serious adverse 

events from their series.(70) In the intra-arterial fibrinolysis trials, the Johns Hopkins 

series utilized a lower intra-arterial tPA dosage averaging 11.25±3.5 mg with intra-

procedural heparin therapy of 3000 units. There were no serious adverse 

reactions.(62)  This is opposed to the 50 mg tPA dosage with 5000 units of heparin 

used in the EAGLE study and the hemorrhage rate as discussed above.  This 

reflected the wide heterogeneity with the thrombolysis protocol for CRAO and the 

difficulty in comparing the results for recommended practice.  In general, the lower 

tPA dosages reported to date have been associated with a lower serious adverse event 

rate.  The use of the adjunctive therapy is not uniform and may also play a significant 

role in the differing results between various studies. 

 

Our study showed initial statistically significant vision improvement in the 

intravenous tPA group but the result was not sustained. In the study by Hattenbach et 

al.,(70) the follow up period ranged from 1 to 4 months with a mean of 2.2 months.  

In our study, the vision improvement diminished after 3 months. It is a possibility 

that re-occlusion of the central retinal artery occurred. The size of the central retinal 

artery approximates that of subcortical cerebral blood vessels.  In people with 
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subcortical stroke, arteriosclerotic risk factors place a person at increased risk of 

further vascular occlusion.(120)  One patient who had an initial vision improvement 

from hand movement to 6/36 post tPA subsequently deteriorated at 1 week.  The 

FFA performed at the time of the vision deterioration did not show any haemorrhage 

or emboli, but there was delayed arterial filling and a persistent cherry red spot. This 

suggests possible re-occlusion and raises the issue of optimal management of a 

thrombotic reocclusion and the importance of tight vascular risk factor control in 

CRAO.(80)   

 

It is possible that newer generation thrombolytics that are more fibrin specific 

such as tenecteplase, could be more effective and reduce the risk of 

haemorrhage.(121)  Fundus fluorescein angiography could potentially be used as a  

surrogate marker for retinal tissue at risk, in the same way that brain perfusion 

imaging in stroke gives one an idea of the volume of ischemic brain tissue that can 

be salvaged with reperfusion. These concepts require evaluation in future controlled 

trials. 

 

In this study, whilst the primary outcome of this study was negative, it adds 

to the body of knowledge on the treatment of CRAO and direction for future studies.  

There are three areas that future studies will need to address.  The first is a tighter 

time window of treatment, most possibly within 6 hours of CRAO onset.  The second 

is the dosage of thrombolytic agents to achieve a positive benefit versus the risk of 

intracranial hemorrhage.  The third is consideration of adjunctive therapies.  

 

The main limitations of this study were the small sample size and the wide 

therapeutic time window used. The initial wide inclusion time window was selected 
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for pragmatic reasons of recruitment potential, as limited community awareness 

generally leads to late presentation. We have noted that the single most important 

enabler is an increase in awareness by the primary care provider (ophthalmologists in 

private practices, general practitioners, emergency physicians and optometrists) to 

contact the chief investigators directly.  There is an average time delay of 5 hours 

from the time that a CRAO is confirmed to the time of treatment infusion. Given that 

"time is retina", streamlined referral and management pathways need to be created, 

analagous to those utilized in ischemic stroke and myocardial infarction.(122) 

 

7.6 CONCLUSION 

In conclusion, this study demonstrated the futility of intravenous tPA in 

CRAO using a 24 hour treatment window. It also demonstrated that the use of tPA, 

even in a radiologically normal brain, is not without risk. Subgroup analysis 

suggested that a beneficial effect of 3 lines or more of vision improvement could be 

seen if tPA was administered within 6 hours of CRAO onset.  Future randomized 

controlled trials will need to test the efficacy and safety of IV tPA in the 0-6 hour 

treatment window.  For now, the use of IV t-PA for the treatment of CRAO cannot 

be recommended in routine clinical practice. 
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Chapter 8 

 

Final Discussion 
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8.1 INTRODUCTION 

In this discussion, I will aim to address the relevance of the results according 

to the overall aim of the study : to optimize the management of acute central retinal 

artery occlusion. All results presented in this thesis will be discussed with specific 

reference to the current management, the results from the randomized controlled trial 

and future directions. 

 

8.2 CURRENT MANAGEMENT OF ACUTE CRAO 

The results from the review of current acute management from two tertiary 

teaching hospitals, the Flinders Medical Centre in Australia (FMC) and the Johns 

Hopkins Hospital (JHH) in the United States highlighted two issues.  Firstly, there is 

no consensus on the best management for CRAO.  Second, despite different practices 

in different institutions across the world, the visual prognosis of CRAO is poor, 

implying a lack of efficacy of current recommended therapies.   

 

The current regimens for CRAO differs by institution and treating physician.  

In general, the management of acute CRAO at JHH was more intensive, with all 

patients managed as in-patients on the stroke unit. Those patients had more acute 

procedures such as paracentesis or ocular hypotensive therapies where the intent was 

to increase perfusion across the optic nerve head by reducing intra-ocular pressure.  

On the other hand, most FMC patients were managed as outpatients unless there 

were other reasons, such as social or concurrent medical conditions that required in-

patient treatment.  In general, there were few acute procedures performed in the 

FMC cohort.  Despite these differences, there were minimal change in the visual 

outcome (log MAR 1.97 ± 0.77 in JHH versus 2.16±0.59 in FMC cohort, equating to 

vision of hand movements in both groups.) 
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The most likely explanation for the lack of significant difference in the final 

visual acuity between our two cohorts is the lack of benefit of current standard 

interventions, compared with observation in this condition. This finding is consistent 

with other studies that have shown that paracentesis, ocular massage, and 

acetazolamide do not alter the natural history of disease.(20, 64, 65) Furthermore, the 

average number of standard non-thrombolytic interventions in this study (1.57 in 

JHH and 0.53 and FMC) was lower compared with the average number of 2.5 ± 1.4 

interventions described in the literature but the visual outcomes were 

comparable,(42) suggesting that current standard management options, whether 

single or in combination, do not alter visual outcomes.  The use of current standard 

treatment thus remains at the discretion of the treating ophthalmologist.   

 

8.3 OPTIMAL MANAGEMENT OF CRAO EXTENDS BEYOND THE EYE 

8.3.1. Managing ocular complications of CRAO 

The eye is perhaps the only organ in the body that attempts to grow new 

blood vessels in response to ischemia.  Unfortunately, the process of growing new 

vessels, called neovascularization (NV), is maladaptive and can result in an increased 

risk of intraocular hemorrhage and neovascular glaucoma.  The consequences can be 

severe and often relentless leading to intractable eye pain.(72) Neovascularization is 

a commonly cited indication for enucleation . (73, 74)  

 

The rate of ocular NV associated with CRAO varies from as low as 2.5% to 

as high as 31.6%.(54, 75). Due to this variability, a causal association between 

CRAO and ocular NV is debatable.(76) The management of this particular 
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complication is therefore haphazard and there is a lack of information on when and 

in which patients ocular NV will occur.   

 

In our study a definite temporal relationship between CRAO and ocular NV 

was observed.  In our cohort, the overall rate of NV was 18% and this is consistent 

with the median prevalence of all reported studies (19%).  The mean time to 

developing NV was 8.5 weeks. In the majority of cases of neovascularisation, there 

were no clinical features of general ocular ischaemia, and no association with a 

haemodynamically-significant stenosis of the ipsilateral carotid artery. Given the 

association between NV and CRAO, prudent clinical practice would be to review all 

patients with acute CRAO at regular intervals as early as 2 weeks, then monthly up 

to 4 months post CRAO.  

 

8.3.2 Managing systemic complications of CRAO 

An important issue in managing a patient with acute CRAO is to deal with 

the predisposing vascular risk factors.  CRAO is analogous to a stroke of the eye and 

thus these patients are at increased risk of other vaso-occlusive diseases such as 

cerebral stroke and ischemic heart disease.  As such, the life expectancy in a patient 

with CRAO is 5.5 years after the sentinel event compared to 15.4 years in age-

matched controls.  In addition, the mortality in a CRAO patient is almost double that 

of age matched controls.(123) Six percent of CRAO patients in our cohort went on to 

have a cerebral stroke, which is the same order of magnitude of the risk of transient 

ischemic attacks (TIA) proceeding on to a completed stroke.(84) Therefore the 

presentation of a CRAO, while rare, nevertheless has serious implications associated 

with the increased incidence of vascular disease involving important end organs such 

as the brain and heart. Aggressive secondary prevention measures are thus needed.  
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In our cohort, a large proportion of patients with CRAO had underlying 

atherosclerotic risk factors, with hypertension being the most common condition. A 

significant proportion of individuals had carotid artery stenoses that were amenable 

to immediate carotid intervention. More importantly, a significant number of patients 

had previously undiagnosed vascular conditions. In some individuals escalation of 

existing anti-hypertensive medication or the addition of further vascular preventative 

medication was required. While it is not known whether the use of anti-

hypertensives, anti-platelets or cholesterol-lowering agents will reduce the risk of a 

subsequent CRAO based on definitive randomized controlled trials, these agents are 

accepted as standard clinical practice for the secondary prevention of stroke or 

ischemic heart disease.(88, 89)  

 

8.3.3 Recommendations for optimal management of CRAO 

The optimal management of a CRAO is lacking at present in both the acute as 

well as chronic phase.  Potential therapeutic options will be discussed in the next 

section. Based on the results from the systemic vascular risk factor reviews in 

Chapter 4, I would recommend a protocol for management of CRAO that includes :  

a. Investigations for vascular risk factors at the time of presentation 

• Blood pressure measurement 

• Fasting blood sugar levels 

• Fasting cholesterol and profile 

• Carotid ultrasound 

• Echocardiogram 

In those with no conventional vascular risk factors, one should consider 

hypercoagulable and vasculitic screens including :  
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• Homocysteine level 

• Protein C and S, Factor V Leiden mutation 

• Antinuclear antibody (ANA), Extractable nuclear antigen (ENA), 

Antineutrophil cytoplasmic antibody (ANCA) 

 

b. Follow-up schedules 

• 2 weeks  

o to review investigation results and referral to appropriate 

ancillary specialities e.g. vascular surgeon if there are 

significant carotid stenosis that are amenable to recanalization. 

o check intraocular pressure and neovascularization. 

• 4 weeks, 2 months and 3 months 

o check for neovascularization 

• Thereafter management as appropriate, e.g. yearly if the patient is 

diabetic and requires a diabetic retinopathy check up. 

 

8.4 POTENTIAL NEW THERAPEUTIC OPTIONS IN ACUTE CRAO  

To optimize the management of central retinal artery occlusion, new 

therapeutic options need to be explored given the lack of efficacy of current standard 

treatments.  Thrombolytics restore vessel patency and tissue perfusion via clot lysis. 

They are Federal Drug Administration-approved medications for tissue reperfusion 

in acute stroke and ischemic heart disease.(124)  Thromobolysis, administered intra-

arterially or intravenously, has shown potential in the treatment of acute CRAO in 

interventional case series.    

In chapter 5, I described the outcome of an interventional case series 

comparing the visual outcome in 21 patients with acute CRAO treated with intra-



 118 

arterial thrombolysis compared with 21 patients treated with standard therapy.	
  In the 

intra-arterial thrombolysis group, 71% of subjects had an improvement of visual 

acuity (VA) within the first 24 hours and 76% at final examination.  In contrast, 

9.5% and  33.3% of patients in the standard therapy cohort experienced improvement 

in VA at 24 hours and final examination respectively.  Mulitvariate regression 

analyses showed that the use of tPA was associated with a 36-fold greater likelihood 

of recovery of VA versus standard therapy. The results supported the hypothesis that 

the treatment of acute thromboembolic CRAOs with intra-arterial thrombolysis 

results in a better visual outcome than standard therapy alone and has few 

complications.  The European Assessment Group for Lysis in the Eye (EAGLE) was 

the first clinical trial to compare treatment outcomes of conservative standard 

treatment and local intra-arterial fibrinolysis (LIF) for acute non-arteritic CRAO 

(105). They concluded that LIF cannot be recommended as standard therapy in daily 

clinical practice (114).   There are no randomized clinical trials looking at 

intravenous thrombolysis, which is less invasive than intra-arterial administration. 

 

8.5 THE NEED FOR A RANDOMIZED CONTROLLED TRIAL TO ASSESS THE 

EFFICACY OF THROMBOLYSIS IN ACUTE CRAO 

Randomized controlled trials (RCT) are lacking to help guide clinical 

recommendations. In the design for a randomized controlled trial, the following 

considerations come into play : mode of administration of the lytic agent, the time-

window for intervention, and the adequacy of timely referral pathways. 

 

8.5.1 Mode of administration 

 Thrombolytics can be administered intra-arterially or intravenously.  The 
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intra-arterial route has the theoretical advantage that the drug is administered directly 

to the site of action for maximum efficacy.  From a daily clinical practice stand 

point, the intra-aterial administration of thrombolytic would limit its availability to 

subjects presenting only to hospitals with highly specialized interventional neuro-

radiology services. Furthermore, intra-arterial administration requires an invasive 

angiography procedure that can cause embolic stroke.  Therefore a more accessible 

route of thrombolytic deployment needs to be examined. 

 

Intravenous administration of thrombolytics is more expeditious and less 

invasive.  It is the method used in current cerebral stroke reperfusion. A systematic 

review of all observational studies of intravenous tPA in acute CRAO showed that 

48.5% of subjects had a 4 lines or more visual acuity improvement with fewer 

complications when compared with intra-arterial administration.(59, 109) 

Hattenbach et al. used low dose intravenous tPA in acute CRAO and noted that one 

third of cases (32%) had three or more lines of vision improvement and those where 

tPA was administered within 6.5 hours had significantly better vision 

improvement.(70)  The risk of intracerebral hemorrhage would be expected to be low 

given that concurrent cerebral stroke and CRAO is rare.  

 

8.5.2 The time window for intervention 

In the current RCT of IV tPA, the inclusion criterion is an acute CRAO 

within 24 hours of symptom onset. The potential time window for thrombolysis in 

CRAO is not known and debated. The initial wide time window was selected for 

pragmatic reasons.  A retrospective analysis of presentations to the Flinders Medical 
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Centre with acute CRAO showed that patients tend to present late (31 hours ± 65 

hours) and the majority presented first to a general practitioner.  Only 3% of CRAO 

patients in our cohort were seen within 20 hours first presenting to a tertiary teaching 

hospital ophthalmology department. This is in contrast to the study by Schmidt et al 

in Germany, where 76.7% of retinal artery occlusions were seen within 24 hours in a 

university teaching hospital ophthalmology eye department.(125)  This likely reflects 

a difference in the structure of the health care system between countries, as well as 

differences in education of patients.  If thrombolysis becomes a feasible treatment 

option with the tighter time window, a public education campaign aimed at 

recognition that acute monocular vision loss is a possible symptom of central retinal 

artery occlusion, requiring prompt action, should be initiated. This would mirror 

similar campaigns in recognition of the symptoms of heart attack and acute stroke. 

 

8.5.3 Referral pathways 

Another important issue to consider from the results described in Chapter 6 

on the mode and presentation of CRAO is that of a better referral pathway for use by 

the primary care providers. This issue of the rapid transfer of care to an end organ 

specialist responsible for reperfusion therapy has been emphasized repeatedly in 

stroke literature and often requires structural re-organization for rapid tPA 

delivery.(110)  In the review on Chapter 6, I noted that patients were assessed more 

quickly when they were referred directly to the in-hospital ophthalmologist, 

compared to those who were referred to the emergency department first, then re-

directed to the ophthalmology department. Education of the primary care providers 

of prompt recognition of acute central retinal artery occlusion and the potential 

management options and time window for treatment are important, and a pathway 
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needed for fast access to an in-hospital ophthalmologist needs to be established.  

Such re-organization mandates the use of pre-hospital assessment tools for the rapid 

identification of potential patients who would qualify for thrombolysis and couples 

this with the activation of a stroke response team according to a set protocol.(111) 

For thrombolysis in CRAO to work be it in standard clinical practice or a study 

situation, a similar set of protocols needs to be designed, or better still, CRAO as a 

disease is added on to the existing framework for thrombolysis in cerebral ischemia.  

 

We have set the time window in our RCT to be 24 hours, similar to the 

EAGLE trial in Europe that recruited patients within 20 hours in order for treatment 

to be implemented within 24 hours(105).  We recognize that the treatment effect size 

is likely to vary across the 24 hour inclusion window. The decision was made to 

allow a wide inclusion time given the recruitment consideration, but we planned for 

pre-specified subgroup analysis stratified by time to treatment (0-6hours, 6-12 hours 

and 12-24 hours).    

 

8.5.4 Recruitment centres 

 In the consideration for a design for a RCT, the main challenge is achieving 

sufficient numbers to power such a study.  This is especially difficult given the 

incidence of acute CRAO is 1.3 to 1.9 per 100,000 population (126). Thus, even with 

an estimated sample size of 50 (25 in each the tPA and placebo groups),  multi-centre 

recruitment was needed.  

In planning the described multi-centre study, the following hospitals were 

approached as collaborators to participate (Table 8.1). 
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Table 8.1 : Participating centres and estimated recruitment number. 

Hospital Population served Estimated acute CRAO per year 

Sydney Eye Hospital as 

triaging/referral centre to :  

St Vincent’s Hospital Sydney or 

Royal Prince Alfred Hospital, NSW 

1,160,000 11 

Royal Victorian Eye & Ear Hospital / 

St Vincent’s Hospital Melbourne, Vic 

3,000,000 30 

Flinders Medical Centre 800,000 8 

 

Allowing 50% attrition rate, an estimated 25 patients could be recruited per year and 

a 24 months recruitment process was planned to obtain the target sample size of 25 

in each group. 

 

8.5.5 Other inclusion criteria considerations 

Elderly patients (eg ≥80 years old) are often excluded from clinical trials. 

However with the aging population, elderly patients form an increasing proportion of 

the patients we treat. In this condition there is no indication that patient ≥80 years are 

particularly more at risk of adverse consequences of participation in the trial. In the 

stroke population, patients in their 80s and 90s are treated routinely with 

thrombolysis and the published data (largely non-randomised) suggest the benefits 

and risks approximate those of younger patients. We chose not to exclude elderly 



 123 

patients, to improve the generalisability of the trial results. 

8.6 RESULTS OF THE RANDOMIZED CONTROLLED TRIAL 

 The randomized controlled trial comparing the efficacy of intravenous tPA in 

acute CRAO within 24 hours of treatment showed no difference between the placebo 

and thrombolysis treatment group.  In both groups, the final vision was that of hand 

movements.  The study was completed just prior to the results of the EAGLE trial in 

Europe treating patients within 24 hours intra-arterially.  The EAGLE trial was also a 

negative study that did not show efficacy (114).  Although futility was demonstrated 

in both randomized controlled trials, several important lessons were gained from 

both studies. 

  

The first is that the use of thrombolytics in acute CRAO is not without its 

risks.  The point estimate of intracerebral haemorrhage post CRAO tPA treatment 

has been reported as low by virtue of the fact that the brain parenchyma is normal 

and concurrent ischemic stroke and CRAO rarely occur.(113) The recent publication 

of the EAGLE study shows that thrombolytic use in CRAO is not without risk, with 

2 of 42  (4.8%) of their lytic patients suffering an intracerebral hemorrhage and 1 of 

42 (2.3%) experiencing a post-procedural haemorrhage and oral haemorrhage 

respectively.(114) Thus, if one were to consider all symptomatic forms of 

haemorrhage post tPA, the risk is 9.6% even if t-PA is delivered intra-arterially as in 

the EAGLE study.  Symptomatic intracerebral haemorrhage (ICH) occurs in 

approximately 2 % of tPA-treated ischemic stroke patients, with a case fatality of 

50%.  Thrombolysis for coronary artery disease with normal brain tissue is 

associated with a risk of intra-cerebral hemorrhage of 0.5% and is associated with 

significant neurological deficits.  The occurrence of symptomatic ICH in one of the 

tPA treated patients in this study serves as a reminder that thrombolytic medications, 
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even in the setting of a normal brain CT, is not without risk. In addition, when one 

looks at the cost-benefit of tPA in this setting, clinicians must question the value of 

restoring sight as opposed to the potential morbidity and mortality associated with 

the use of the thrombolytic.  

 

8.7 FUTURE DIRECTIONS 

Whilst the RCT on the efficacy of intravenous tPA in CRAO at 24 hours 

yielded a negative result, review of the data suggests that it was not completely futile 

and that subgroups may receive a beneficial effect if an optimal time window can be 

established.  

 

8.7.1. Time window for treatment 

Closer analysis of the data raises the possibility that earlier treatment 

(perhaps <6 hours from onset) may be beneficial. The improvement in the sub-6 hour 

group with significant vision improvement was more than by chance alone and the 

two patients’ results accounted for the significant change for the overall group. This 

result is comparable to the case series reported by Hattenbach et al.,(70) where visual 

recovery was confined to those treated within 6.5 hours.   

 

Future studies should aim for the sub-6 hour presentation. This would be 

similar to the stroke thrombolysis trials where the efficacy was first established in 

those who presented within 3 hours, then the window for treatment was extended to 

4.5 hours with the aid of imaging guidance. 
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9.7.2 Thrombolytic agents and adjuvant therapy 

A review of the thrombolytic trials in CRAO showed significant variability in 

the use of thrombolytic agent dosage and adjunctive therapies.  The following table 

is a summary of the treatment protocols in recent interventional case series and the 

two RCTs, including our study and the haemorrhagic complications (Table 8.2). 

 

Table 8.2 : Summary of thrombolysis trials in CRAO  

Authors 
(Year) 

Route Dosage Thrombolytic 
agent 

Therapeutic 
window 

Adjunctive 
therapy 

Haemorrhagic 
complication 

Chen et al. 
(2010) 

Intravenous 0.9 mg/kg 
(max 90 
mg) 

Actilyse 24 hours Anti-platelet Intracerebral 
hemorrhage  
(1/8, 12.5%) 

Schumacher 
et al. (2010) 

Intra-
arterial 

Max 50mg Actilyse 20 hours Heparin 5000 
Unit stat + 5 
days 
Aspirin 
100mg/day 

Intracerebral 
hemorrhage 
(2/35, 5.7%) 

Zhang et al. 
(2009) 

Intravenous Averaged 
626,000 U 

Urokinase 6 hours Aspirin 
300 mg/day 
or clopidogrel 
250 mg/day 

Retinal 
hemorrhage 
(2/49, 4.1%) 

Hattenbach 
et al. (2008) 

Intravenous 50mg Actilyse 12 hours Heparin 1200 
U/hr for 5 
days 
Aspirin 
100mg/day 

Nil 

Aldrich et al. 
(2008) 

Intra-
arterial 

Average 
11.25±3.5 
mg 

Actilyse 15 hours 3000 U 
Heparin intra-
procedural 

Groin hematoma 
(2/21, 9.5%) 

Arnold et al. 
(2005) 

Intra-
arterial 

Average 
677 000 
units 

Urokinase 6 hours Heparin 
(dosage and 
duration not 
specified) 
Aspirin 250-
500 mg/day 

Cerebrovascular 
accidents (3/37, 
8.1%) 

Pettersen et 
al. (2005) 

Intra-
arterial 

10-20 mg Actilyse 6-18 hours Nil  Nil 

CBE complete blood examination, ESR erythrocyte sendimentation rate, CT 
computerized tomography, CRP C-reactive protein, MRI magnetic resonance 
imaging 
 

The use of heparin and aspirin varied depending on the protocol.  In our 

study, re-occlusion appeared to be an issue.  This was illustrated specifically by the 
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patient who had an initial vision improvement from hand movement to 6/36 post 

tPA, but who subsequently deteriorated at 1 week. The FFA performed at the time of 

the vision deterioration did not show any haemorrhage or emboli, but there was 

delayed arterial filling and a persistent cherry red spot. This suggests possible re-

occlusion. The size of the central retinal artery approximates that of subcortical 

cerebral blood vessels.  In people with subcortical stroke, arteriosclerotic risk factors 

place a person at increased risk of further vascular occlusion.(120) This raises the 

issue of optimal management in the event of thrombotic reocclusion, and if the 

heparin and anti-platelet prophylaxis hold the key for optimal management for 

recanalization post CRAO. 

Further studies are required to determine the optimal acute management of 

CRAO with the consideration of a tighter time window and adjuvant therapy. For 

now, the use of IV t-PA for the treatment of CRAO cannot be recommended in 

routine clinical practice and the best management of CRAO involves limiting the 

ocular neovascular complications and optimizing the systemic atherosclerotic risk 

factors to reduce secondary ischemic events to prevent further ischemic end organ 

damage.  
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