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Abstract 

 

Keywords: central retinal artery occlusion, CRAO, retinal artery occlusion, RAO, spectral 

domain optical coherence tomography, optical coherence tomography, OCT 

 

Aims: To report spectral domain optical coherence tomography (OCT) findings in cases of 

impending or occult central retinal artery occlusion (CRAO) in which a diagnosis other than 

CRAO was made on initial presentation. 

 

Methods: Retrospective, observational case series of patients diagnosed with CRAO for 

whom on initial presentation fundal examination and OCT findings were deemed 

unremarkable and/or a diagnosis other than CRAO was made.  OCT images from the initial 

presentation were then reviewed for evidence of inner retinal ischaemia. 

 

Results: 214 cases of CRAO were identified. 11 patients (5.14%) had been given an 

alternative initial diagnosis at their first presentation in casualty and were included. The age 

range was 20-84 years and 81% (9/11) were male. On review of initial OCT imaging 

performed in casualty, all cases had evidence of inner retinal ischaemia. 

 

Conclusions: CRAO is an ophthalmic emergency which leads to vision loss which is often 

irreversible. Examination of the fundus may be normal early in the course of the disease and 

therefore a timely diagnosis may be missed. This case series reports the OCT findings of 

inner retinal ischaemia in patients with occult or impending CRAO which may aid in the 

early diagnosis and referral to stroke services. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Introduction 

 

Central retinal artery occlusion (CRAO) is an ophthalmic emergency. Occlusion of the 

central retinal artery results in hypoperfusion of the inner retina, leading to rapid cellular 

damage and ultimately vision loss which is often enduring.1 The diagnosis may signify a 

more sinister systemic condition or disease process including infectious, thromboembolic and 

inflammatory causes.2 Animal models have shown that irreversible damage occurs at 105 

minutes of occlusion, highlighting the importance of early detection and management.3,4  

 

Macular oedema and ‘cherry red spot’ are the established ophthalmic signs used to diagnose 

CRAO, however examination of the fundus may be normal early in the course of the disease. 

Imaging diagnostic techniques include spectral-domain optical coherence tomography 

(OCT), providing real-time high-resolution retinal images which may provide objective 

evidence aiding diagnosis. OCT is a non-invasive imaging modality that has been pivotal in 

the clinical practice of ophthalmology and allows the user to obtain high-resolution cross-

sectional images of the optic nerve head, retina and retinal nerve fibre layer.5 OCT is not 

routinely performed in the work-up of retinal artery occlusion (RAO) and its role is still 

evolving. 

 

OCT findings of impending or occult CRAO without cherry red spot have not been well 

described in the literature. To our knowledge, this is the first case series aiming to report on 

the OCT findings of impending or occult CRAOs. In this study, all patients that were initially 

given a diagnosis other than CRAO had their OCTs reviewed for evidence of inner retinal 

ischaemia. These cases may help to provide a window into the earlier detection of CRAO and 

therefore potential for intervention if effective treatments are developed in the future.  

 

Methods 

 

This was a retrospective case series review conducted at the large tertiary unit of Moorfields 

Eye Hospital NHS Trust, London, United Kingdom from June 2017 to June 2020. This study 

was registered and approved locally (MEH662) and followed the Helsinki declaration. 

Patients were identified from the hospital’s electronic medical records system. Patients with a 

diagnosis of CRAO were identified who had at least one visit to the eye casualty prior to 

clinic diagnosis and then a subsequent follow-up in the hospital’s eye clinics. All patients had 

a full ophthalmic work-up including exclusion of alternative diagnoses such as giant cell 

arteritis (GCA) on the basis of clinical examination and labs. Patients who were correctly 

diagnosed with CRAO on their initial casualty visit were excluded. All patients had been seen 

by a minimum grade of a fellow or third year senior resident ophthalmologist with the 

presenting fundus findings not having any features of CRAO. OCT images were captured on 

a DRI Triton (Topcon, Tokyo, Japan) and Heidelberg Spectralis (Heidelberg Engineering, 

Heidelberg, Germany).       

 

Results 

 

From the 214 patients identified, 11 patients (5.14%) between the ages of 20 to 84 years had 

been given an alternative initial diagnosis at their first presentation in casualty but then were 

subsequently correctly diagnosed with CRAO. Clinical characteristics and outcomes of the 

patients included are summarised in Table 1.  

 

 



 

Representative patients 1, 6, 9 and 10 from Table 1 are described in the next section. 

 

Patient 1 

A 71-year old man with sudden painless loss of vision in the right eye several hours earlier 

presented to the eye casualty. His fundus examination was unremarkable with no RAPD and 

OCT on presentation was reported as normal (figure 1). His platelets, erythrocyte 

sedimentation rate (ESR) and C-reactive protein (CRP) were not elevated. His visual acuity 

(VA) was 2/60 at presentation and he was asked to return the following day for visual field 

testing. Unfortunately, overnight his vision further deteriorated and on attending for visual 

field testing the vision had become perception of light (PL) in the right eye. At this point 

there was a clearly visible cherry red spot on fundus examination with RAPD. A repeat OCT 

now demonstrated marked inner retinal oedema in the right eye. He was urgently referred to 

the stroke team and started on the appropriate treatment. He is presently awaiting a CABG 

(coronary artery bypass graft) and AVR (aortic valve replacement). On review of his 

presenting OCT with normal fundus examination, evidence of inner retinal ischaemia is 

apparent (figure 1).  

 

 

 

Patient 6  

An 86 year old man presented to the eye casualty with sudden onset painless reduction in 

vision in the left eye. The initial VA was 6/36 and the fundus changes along with OCT was 

reported as suspected CNV. He was therefore referred to the emergency medical retina clinic 

for consideration of intravitreal injections and was seen two days after this presentation. His 

visual acuity had reduced further at this point to counting fingers 

(CF) and fundus was pale consistent with CRAO. He was urgently referred on to the stroke 

team. His OCT imaging (figure 2) from presentation at the eye casualty demonstrates inner 

retinal oedema consistent with ischaemia and subsequent day 28 OCT shows inner retinal 

atrophy.  

 

Patient 9  

A 78 year old man presented to the eye casualty with sudden onset painless blurred vision in 

his right eye which he described as “parts missing”. His fundus examination was otherwise 

reported as unremarkable and OCT was determined to be normal despite having subtle patchy 

inner retinal hyperreflectivity consistent with ischaemia. He absconded from the eye casualty 

before further investigations. He then returned four days later to casualty with a further 

reduction in vision. His VA had decreased from 6/24 to 6/60 and OCT showed (figure 2) 

increased hyperreflectivity of the inner retinal layers. This was interpreted as cystoid macular 

oedema (CMO) and he was started on topical non-steroidal anti-inflammatory drugs 

(NSAIDs) with medical retina follow up in four weeks. In the medical retina clinic he was 

found to have had evidence of a CRAO in his right eye with vision now CF and RAPD 

present. He was already taking rivaroxaban so was not given aspirin but referred to the stroke 

team. He also developed a secondary neovascularisation of the retina and has since had two 

sessions of pan-retinal photocoagulation. His OCT at 2 months post insult shows inner retinal 

atrophy. On review of his presenting OCT with normal fundus examination evidence of inner 

retinal ischaemia is apparent (figure 2). 

 

Patient 10 



A 20 year old man presented to the eye casualty following painless loss of vision in his right 

eye whilst watching television. He described several episodes of a “black curtain” with return 

to normal vision, and after the third episode it remained permanent. He was otherwise fit and 

well with no past medical history apart from a maternal history of migraines. His fundus 

examination was reported as normal with RAPD present and VA of 6/60. His OCT was 

interpreted as normal and he was started on methylprednisolone with a referral to the neuro-

ophthalmology clinic. His VA remained 6/60 and on reviewing the OCT from his initial visit, 

inner retinal oedema was noted consistent with a retinal artery occlusion (figure 2). He was 

referred to colleagues in the medical retina clinic and for vascular work-up by the stroke team 

on the same day. His methylprednisolone was discontinued and aspirin with clopidogrel were 

started acutely from the eye clinic.  

 

Discussion 

 

The central retinal artery branches off the ophthalmic artery; its occlusion, partial or 

complete, defines the disease.4 Further classification can be applied based on the 

pathogenesis which includes arteritic and non-arteteric causes. The association between 

CRAO and vasculopathy including strokes has been well documented.6-12 The incidence of 

CRAO has been shown to have similar risk factors to strokes; increases with age and more 

common in men.12 Consequently, suspected cases are best managed at a stroke centre. A 

missed diagnosis of CRAO can have devastating consequences for a patient as referral will 

not be made promptly to medical physicians to initiate appropriate anti-thrombotic 

medication. As demonstrated in our case series, some patients were referred as late as four 

weeks after initial presentation in the eye casualty.   

 

The well-established fundal findings of macular oedema and ‘cherry red spot’ are 

pathognomonic for CRAO. However, clinical findings differ and are based on time from 

event as well as type of CRAO. Signs shown to be common in the acute phase of the disease 

(within 7 days) include retinal opacity in the posterior pole (58%), cherry-red spot (90%), 

cattle trucking (19%), retinal arterial attenuation (32%), optic disk oedema (22%) and optic 

disk pallor (39%).[13] The avascular nature of the fovea, combined with the absence of 

ganglion cells, means it is not affected by retinal opacification which gives rise to the 

characteristic ‘cherry red spot’ sign.13,14 Although these findings are well documented, early 

in the course of the disease the fundus may appear normal. Therefore clinicians ought to be 

careful in relying on a specific finding or a group of clinical features associated with CRAO, 

as these may not provide a concrete diagnosis and potentially lead to missing this sight 

threatening disease. In our case series, we describe eleven cases of CRAO with normal fundal 

examination on initial presentation. The role of OCT imaging in these cases may have been 

crucial and enabled timely referral to stoke team.  

 

Previous studies have demonstrated a distinctive pattern on OCT imaging in cases of 

CRAO.[15-18] Acute phase changes have been described as increased reflectivity and 

thickness confined to the inner retina. Whereas chronic phase changes have been described as 

decreased reflectivity and thickness of the inner retina with corresponding increased 

reflectivity of the outer retina, retinal pigment epithelium and choriocapillaris layer.15-18 

Changes in both retinal thickness and reflectivity measured by OCT are seen in CRAO. 

Wenzel et al.19 and Ochakowsky et al.20 sought to establish the temporal changes in retinal 

thickness in acute CRAO. They demonstrated retinal thickness as a function of time. Chu et 

al.21 described OCT findings of inner retinal hyper-reflectivity, as well as a prominent middle 

limiting membrane in the acute phase (up to 1 month) of CRAO as a pathognomonic sign for 



inner retinal ischaemia. This may be a useful marker of acute CRAO particularly when retinal 

opacities may be subtle or resolving before the development of chronic (after 3 months) 

atrophic changes22. In addition, Chen et al.23 postulate that optical intensity of the inner retina 

oedema correlates to visual prognosis.      

 

The mechanism behind these findings are considered to be a result of retinal ischemia leading 

to cellular damage and retinal oedema in the acute phase, eventually progressing to atrophic 

changes in the chronic phase.11 Chen and colleagues,24 noted that cases of CRAO with a more 

oedematous retina had smaller cherry-red spots. They suggested the variation in size of 

cherry-red spots probably also could correspond to the degree of macular oedema. This 

would be explained by the same speculation that the more oedematous the retina was, the 

more ganglion cells were displaced toward the central fovea, which in turn might obscure the 

border of a cherry-red spot.  

 

 

Patient 8 was suspected to have had a paracentral acute middle maculopathy (PAMM) lesion 

following uncomplicated cataract surgery. However, after review by a medical retina 

specialist in clinic he was diagnosed with CRAO and his day 1 post-operative OCT was 

correctly re-interpreted as diffuse inner retina ischaemia. Interestingly, Yusuf and 

colleagues,25 have described a transient retinal artery occlusion (TRAO) phenomenon 

following cataract surgery in a small case series. They too describe the initial OCT imaging 

demonstrating inner retinal hyperreflectivity. However, all of their cases were transient in 

nature with excellent final visual acuity. In patient 8’s case there were permanent structural 

changes with resultant poor vision. Furthermore, given the high degree of retinal oedema it is 

likely the CRAO lasted for at least 4.5 hours 19.      

 

A recent meta-analysis looking at intra-arterial thrombolysis (IAT) concluded that IAT has 

great potential but further controlled trials are needed.26 Evidence is emerging that 

intravenous fibrinolytic therapy (IFT) may be a more promising treatment modality when 

used within 4.5 hours27-29. Two randomized controlled trials, THEIA NCT03197194 

(presently recruiting) under revision, investigating IFT in CRAO with symptom onset within 

4.5 hours will evaluate this modality further 30. Asnovel treatment strategies continue to be 

investigated and the use of OCT to diagnose CRAO early in its evolution may provide an 

additional window of opportunity for intervention. For instance, recently Hadanny and 

colleagues,31 found hyperbaric oxygen therapy to be effective in CRAO before the onset of a 

cherry-red spot. They postulate based on their findings that cherry-red spot is a marker for 

irreversible anoxic retinal damage.       

 

OCT changes in the branch retinal artery occlusion (BRAO) are also well documented 22,32,33. 

This study did not aim to identify missed BRAO patients with OCT findings at presentation 

but careful examination of the OCT would aid diagnosis in these cases also. The OCT 

findings of patient 3, 4 and 11 were similar in showing inner retinal oedema which was 

missed at presentation but they were not included in figure 2 as the composite from other 

patients adequately demonstrates the range of subtle changes which may be seen.    

 

This is the first case series to report on the OCT findings of occult CRAOs. In this study, all 

patients that were initially given a diagnosis other than CRAO had evidence of inner retinal 

ischaemia on OCT. As demonstrated by the images in this study, when careful attention is 

paid to the inner retinal layers comparing to the unaffected eye, it can often become apparent 

that subtle ischaemia is present. The recognition of inner retinal ischaemia on OCT is often 



an under recognised sign in occlusive arterial aetiology. Increased awareness and education 

on the interpretation of OCT in CRAO may help facilitate prompt recognition facilitating 

earlier diagnosis and referral to stroke services and therefore potentially reduce patient 

morbidity and mortality.   
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