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Abstract: Retinal cholesterol emboli (RCE) are occasionally found on ophthalmic examination. 

Originally, all RCE were thought to be related to impending cardiovascular morbidity and mortality, 

but it is now apparent that accompanying symptoms can be used to help better stratify cardiovascular 

event risk for these patients. Regardless of associated visual symptoms, all patients with RCE 

but unknown medical status, merit referral to primary care providers for further assessment of 

cardiovascular health status. Symptomatic patients with known cardiovascular diseases require 

carotid duplex ultrasonography to determine degree of arteriolar occlusion with possible referral 

to vascular surgeons for invasive correction of carotid artery occlusive disease. Asymptomatic 

patients with known cardiovascular profiles may benefit from the addition of only 81 mg aspirin if 

not otherwise contraindicated. Screening carotid studies should not be considered for these patients. 

Carotid auscultation in the eye clinic setting is unwarranted for either set of patients.
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Introduction
Retinal cholesterol emboli (RCE, “Hollenhorst plaques”) are atheromatous, refractile 

cholesterol crystals found within retinal arterioles, often at the site of vessel bifurcation, 

and are sporadically seen in ophthalmic practice. Large, population-based studies 

suggest a prevalence of less than 2%1,2 with a 10-year cumulative incidence of 1%–3%3,4 

in patients essentially over 50 years of age. These same studies confirmed earlier 

associations between RCE and cardiovascular risk factors, namely, hypertension, 

smoking, and hypercholesterolemia, although not diabetes or obesity. The independent, 

clinical implication of these large studies of similar design conducted in different 

countries is that the presence of RCE is an important marker for stroke prevention 

and mortality.

The association between RCE and cardiovascular disease has been recognized since 

Hollenhorst’s original paper on the eponymous plaques in 1961.5 Subsequent clinical 

questions addressed the relationship between the presence of RCE and the risk of 

associated mortality from vascular occlusive disease, but recent studies have focused 

on medical work-up after discovery of RCE. One critically important distinction that 

has emerged from this corpus is an assessment of RCE within the context of patient 

visual symptomatology.6

It should be emphasized that cholesterol embolism is not confined to retinal 

vasculature. Postmortem data suggest a 2% prevalence of spleen/renal cholesterol 

emboli in subjects over 60 years of age, although without apparent correlation between 
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the emboli and cause of death.7 Thus the finding of end-

organ cholesterol emboli may not always imply a high risk 

of morbidity and mortality.

Although there is no definitive consensus on subsequent 

medical work-up once RCE are discovered, it now appears 

that medical work-up may be based upon visual symptoms 

associated with RCE.

Relationship of RCE 
to morbidity/mortality
In the 1973 seminal paper on this topic, Pfaffenbach 

and Hollenhorst reported follow-up data from an initial 

case series of 208 patients found to have RCE.8 Of these 

participants, a “significant percentage” reported symptoms 

in conjunction with the finding of RCE. After 5–10 years of 

follow-up, 65% of the cohort was deceased, with the vast 

majority of those deaths (83%) attributed to vascular disease. 

Interestingly, the patients in this group were more likely to die 

from coronary artery disease (mainly myocardial infarction, 

[MI]) than stroke (cerebrovascular accident, [CVA]) by 

a margin of 4:1. The final recommendation was that the 

discovery of RCE merits full cardiovascular evaluation.

The authors did not specifically address the finding 

that RCE are  more likely to cause MI than CVA; however, 

they did address symptomatology, and acknowledged that 

“whether these data apply to patients who have only the 

embolus but no other signs or history of vascular disease is 

unknown”8 (ie, visually asymptomatic patients with indeter-

minate systemic cardiovascular status). A link between RCE 

and subjective visual symptoms was not addressed when 

assigning mortality risk for RCE.

To address this question, Bruno et  al studied vascular 

outcomes in a 1995 cohort study of 70 men with asymptomatic 

RCE.9 During this follow-up period, annual rates for CVA and 

MI were found to be 8.5% and 7.7%, respectively, compared 

to the control group, and the overall mortality rate was not 

greatly dissimilar between study patients and controls. Unlike 

the earlier 1973 report, there was no difference between rates 

of CVA and MI. 

Based on these and the earlier findings, it must be inferred 

that symptomatology is, in and of itself, a significant risk 

factor in cardiovascular outcomes among patients found 

with RCE.

Patient visual symptoms
The first diagnostic consideration after diagnosis of RCE is to 

query the presence of visual symptoms. From the standpoint 

of risk stratification, clinical differentiation of RCE depends 

on associated ocular symptoms. Asymptomatic RCE are 

entirely incidental exam findings and are unknown to the 

patient. Symptomatic RCE manifest in two primary ways: 

amaurosis fugax (fleeting darkness) or central or peripheral 

vision loss (although in most cases it would be expected that 

a history of central vision loss need not be elicited).

Monocular amaurosis fugax is the result of transient retinal 

ischemia, and in the setting of RCE, a manifestation of a 

partially-occluded arteriole. Retinal ischemia is transitory if 

RCE initially cause partial occlusion, and then dislodge and 

move deeper into the vascular arterial plexus. Symptoms of 

this sort may be recurrent, but are temporary events, and visual 

function returns to baseline. In essence, amaurosis fugax related 

to RCE is an ophthalmic transient ischemic attack (TIA).

Permanent loss of visual function occurs if RCE obstruction 

of the arteriole is complete or long-lived. Arteriolar occlusion 

of either the central retinal artery or one of its branches results 

in lasting visual acuity or visual field loss, respectively. Retinal 

arteriolar occlusion is essentially an ophthalmic CVA. At 

this time there is no proven treatment for retinal arteriolar 

occlusion. (It is also important to mention in passing that 

isolated, unilateral disk edema is not an embolic event and its 

associations and work-up vary considerably from RCE).

Medical work-up for 
asymptomatic RCE
Combined data from the Beaver Dam Eye Study (BDES, 

n = 4926) and Blue Mountains Eye Study (BMES, n = 3654) 

showed that incidental detection of RCE was associated with 

a mild increase in all-cause and stroke-related mortality 

that was independent of other cardiovascular risk factors.10 

These studies investigated primarily Caucasian populations, 

but the conclusions are supported by findings from The Los 

Angeles Latino Eye Study (LALES, n = 5959).11 Independent 

confirmation from these three large population-based studies 

may be generalizable to all patient groups.

BDES recommendations for follow-up after discovery of 

asymptomatic RCE are: referral for cardiovascular work-up, 

smoking cessation, and use of aspirin, but not necessarily 

carotid endarterectomy.2 BMES also suggested alerting 

primary care providers for consideration of cardiovascular 

management and smoking cessation,12 and these measures 

are  reiterated by the LALES.11

Even in the absence of patient symptoms, medical 

work-up for RCE is indicated for patients with undetermined 

cardiovascular health status. Agreement among these trials 

is especially important because these recommendations are 

made in the context of asymptomatic RCE.
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Utility of carotid ultrasound 
for asymptomatic RCE
While cardiovascular assessment appears to be a consensus 

recommendation, controversy surrounds routine carotid ultra-

sound, vascular imaging studies (cardiac/aorta), and carotid 

endarterectomy in asymptomatic patients.13 Contradictory 

evidence has suggested14 or disproved15 a link between 

asymptomatic RCE and ipsilateral carotid stenosis, and – 

when performed – carotid imaging reveals . 75% stenosis 

in 20% of asymptomatic patients with RCE.14,16

Questions of carotid artery occlusive disease are more 

often discussed in the literature of vascular surgeons, ie, those 

performing the surgical interventions. More than 20 years of 

vascular surgery literature has not changed: the presence of 

asymptomatic RCE is a poor marker for significant carotid artery 

occlusive disease.17–21 Fortunately, some ophthalmic literature is 

in agreement that the discovery of asymptomatic RCE should not 

be used to guide clinical decision-making for ultrasonography, 

to determine atherosclerotic disease of the carotid arteries.3,22

Given the limitations of useful clinical information from 

carotid studies for asymptomatic RCE, it does not appear that 

duplex ultrasonography should be routinely obtained for this 

isolated clinical finding. This finding is in contrast to earlier 

recommendations.6

Utility of carotid auscultation 
in the setting of asymptomatic RCE
Carotid auscultation is the procedure for listening for a bruit 

caused by carotid stenosis. Bruits are the result of turbulent 

hemodynamic flow through stenotic lesions and can develop 

once arterial lumen is reduced to less than 50%.23 Although 

the presence of a carotid bruit has been associated with an 

increased risk of cerebrovascular disease,24 this clinical finding 

is also coupled with poor predictive value for confirmatory 

Doppler duplex scanning (43%) and confounded by the finding 

that one-third of patients with a bruit have normal ultrasounds 

(false positives, with respect to bruits).25 Conversely, one-third 

of patients with high-grade carotid stenosis manifest no bruit 

(false negatives with respect to bruits).26

As the finding of bruit is clinically most useful in 

symptomatic patients,23 employment of carotid auscultation 

in the presence of asymptomatic RCE must be objectively 

questioned by clinicians.

Is any intervention indicated 
for asymptomatic RCE?
The North American Symptomatic Carotid Endarterectomy 

Trial (NASCET) demonstrated the efficacy of carotid 

endarterectomy in symptomatic patients (with 70%–99% 

occlusion);27 however, the benefit of carotid surgery in the 

presence of an asymptomatic RCE is unclear.28

Aspirin has been shown to decrease cardiovascular events 

in patients at risk,29,30 although the clinical utility of daily 

aspirin based on incidental finding of asymptomatic RCE is 

unknown. Together with medical management of existing 

cardiovascular disease and modification of cardiovascular risk 

factors (eg, smoking cessation, decreasing serum cholesterol 

level, controlling systemic hypertension, maintaining an active 

lifestyle, healthy diet), daily aspirin therapy is perhaps the only 

intervention required after diagnosis of asymptomatic RCE. 

The efficacy of other antiplatelet modalities also remains 

unknown.

It should also be emphasized that 81 mg of aspirin achieves 

the same therapeutic antiplatelet effect as 325  mg tablets, 

but with a lower side effect profile.31 The decision to initiate 

daily aspirin therapy is ultimately one of risk stratification and 

perhaps best made in the primary care setting.

RCE diagnosed through 
teleretinal screening programs
As the use of telemedicine screening programs for eye 

diseases increases, diagnosis of incidental ophthalmic 

findings will correspondingly escalate. In practice, remote 

identification of RCE is commensurate with diagnosis on 

direct retinal examination and carries the same outcomes 

after empiric medical work-up (ie, identif ication of 

cardiovascular disease, limited findings for carotid studies).16 

Once RCE are identified on retinal photos, a telephone call 

replaces face-to-face history taking in order to determine 

the presence of visual symptoms. The same work-up applies, 

as for direct clinical encounters. Also, as retinal emboli can 

persist for more than one year,17 it may be possible to view 

the same RCE in sequential images.

Summary of clinical questions
Table 1 provides a summary of findings from this literature 

review.

Table 1 Summary of clinical questions to consider after the 
diagnosis of an asymptomatic retinal cholesterol embolus

Is medical work-up indicated? Yes
Is carotid ultrasound indicated? No
Is carotid auscultation useful? No
Is any intervention indicated? 81 mg aspirin daily, when 

not contraindicated
Is diagnosis through teleretinal 
screening program different?

No, contact patient and 
query symptoms
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Conclusion
RCE are in vivo markers of atheromatous disease, and 

clinical prognosis depends largely on associated visual 

symptomatology. RCE in the presence of transient or 

permanent visual acuity or visual field loss require carotid 

studies to determine patient candidacy for carotid 

endarterectomy. Asymptomatic RCE appear to be 

relatively benign ocular findings. This is not to imply 

that asymptomatic RCE should be lightly regarded; 

they represent abnormal f indings, originate from 

atheromatous sources, and denote active cardiovascular 

disease. However, beyond referral for basic cardiovascular 

work-up, ancillary testing is likely unnecessary. Incidental 

discovery of asymptomatic RCE merits referral to primary 

care for assessment and modification of cardiovascular 

risk factors. In the absence of contraindications, these 

patients may be started on low-dose aspirin daily for 

antiplatelet effect. An algorithm for RCE may be found 

in Figure  1. Due to confounding f indings, carotid 

auscultation is not necessarily indicated in the presence 

of any RCE.
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Figure 1 Flowchart for work-up of retinal cholesterol emboli (RCE).
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