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Central retinal artery occlusion (CRAO) is a 
devastating ocular event with a dismal visual prog-
nosis.1 The visual crisis caused by C R A O may be 
the first manifestation of an underlying disease 
process such as atherosclerosis of the carotid artery. 
A number of studies based on clinical, nonangio-
graphic methods have estimated the incidence of 
ipsilateral carotid artery disease to be 8% to 25% of 
those affected with CRAO. 2" 4 In contrast, one 
roentgenographic study demonstrated that nine of 
nine patients with C R A O had angiographically 
demonstrable ipsilateral carotid artery disease.5 

Because of the great disparity between the coin-
cidence of carotid artery disease and C R A O in 
clinical and angiographic studies, we reviewed our 
cases of C R A O with special attention to the inci-
dence o f angiographically abnormal carotid arter-
ies. Our results confirm a high association between 
carotid artery disease and C R A O . Three cases of 
C R A O with normal carotid angiograms are re-
ported to emphasize that the association between 
these two events is significant, and clearly less than 
100%. 

Patients 

Thirty cases of C R A O occurring in 27 patients 
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were seen at The Cleveland Clinic 
Foundation between 1969 and 1978. 
The age range of the patients, 17 men 
(63%) and 10 women (37%) was from 21 
to 75 years (mean, 57 years). 

Men were most often affected in their 
60s and women in their 70s (Table /). 
The right eye was affected in 14 patients 
(52%), the left in ten patients (37%), and 
three patients had bilateral CRAOs 
(11%). 

Results 

Associated diseases. The associated 
diseases in patients with C R A O are 
shown in Table 2. Most patients had 
hypertension and atherosclerosis. Other 
diseases included vasculitis, cardiac val-
vular disease, trauma, and meningioma. 

Procedure-related CRAO. Approxi-
mately one fourth of our cases of C R A O 
occurred after a diagnostic or surgical 
procedure (Table 3). The greatest num-
ber of cases occurred after coronary by-
pass surgery.* C R A O also followed ca-
rotid angiography, carotid endarterec-
tomy, carotid ligation for carotid-caver-
nous sinus fistula, and cervical spine 
decompression. 

Carotid angiography and CRAO. 
Carotid angiography was performed in 
13 patients who had C R A O . Angiogra-
phy revealed ulcerated or stenosed ca-
rotid arteries on the same side as C R A O 
in ten patients (76%). However, three 
patients had normal carotid angio-
grams. 

Case 1. A 74-year-old man suffered a 
C R A O OD. The medical history docu-
mented diffuse atherosclerotic disease, chem-

Table 1. Central retinal artery 
occlusion 

* The total number of coronary revascularization proce-
dures performed at the Cleveland Clinic during the course 
of our study approximates ¡8,500. From 1974 through 
1977, 1761 carotid angiograms were performed. At pres-
ent, 250 to 300 carotid endarterectomies are done yearly. 
Thus, the incidence of CRAO following these procedures 
is extremely small. 

Age, yr Men Women Total 

20-29 
30-39 
40-49 
50-59 
60-69 
70-79 

1 
1 
1 
3 

10 
1 

1 
3 
3 
4 

11 

5 

Table 2. Associated diseases in C R A O 
Disease No. of cases 

Hypertension and/or athero- 18 (67%) 
sclerosis 

Vasculitis 3 (11%) 
Cardiac valvular disease 2 (7%) 
Trauma 2 (7%) 
Meningioma 1 (4%) 
None 1 (4%) 

Table 3. Procedure-related cases of 
C R A O 

No. of 
Procedure cases 

Postcoronary bypass 
Postcarotid angiography 
Postcarotid endarterectomy 
Postcarotid ligation for carotid-cavern-

ous sinus fistula 
Postcervical spine decompression 

Total 

ical diabetes, hyperlipidemia, and hyperuri-
cemia. Bilateral carotid angiograms were 
normal. 

Case 2. A 67-year-old man had present-
ing symptoms of C R A O O D . The medical 
history documented hyperuricemia. Results 
of the following studies were normal: right 
carotid angiogram, echocardiogram, tem-
poral artery biopsy, and carotid compression 
tonography. The admission electrocardi-
ogram showed atrial fibrillation, but a HIS 
bundle electrocardiogram was normal. 

Case 3. A 75-year-old woman was exam-
ined in the Department of Neurosurgery for 
evaluation of dementia. She had suffered 
attacks of blurred vision in the left eye for 
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one year and then C R A O OS developed one 
month before her admission. Carotid angiog-
raphy showed no abnormality of the com-
mon or internal carotid arteries proximal to 
the left ophthalmic artery. However, angiog-
raphy did reveal a meningioma of the falx 
cerebri fed by the left middle meningeal 
artery and by the left anterior cerebral ar-
tery. 

Neurological symptoms and CRAO. 
Nine patients (33%) had neurological 
symptoms prior to the onset of C R A O . 
These included stroke, vertigo, amau-
rosis fugax, numbness, weakness, dizzi-
ness, blurred vision, headache, diplopia, 
and aphasia. Fourteen patients (52%) 
had no prior neurological symptoms. A 
complete history was unavailable in four 
cases (15%). 

Discussion 

Much of our data agree with other 
reports of C R A O . For example, we 
found that men in their 60s were af-
fected most often by C R A O , whereas 
women were most often affected in their 
70s. A similar observation was made by 
Liversedge and Smith.2 In addition, 
most of our patients were men, and the 
right and left eyes were affected almost 
equally in both sexes. These findings 
also agree with previous reports of 
CRAO.1"4 

Approximately two thirds of our pa-
tients had hypertensive or athero-
sclerotic cardiovascular disease (Table 
2). In other series the association be-
tween these two entities and C R A O has 
ranged from 30% to 77%.1-3 

Vasculitis was an associated finding 
in three of our patients (11%). Two were 
younger than 40 years, and had diffuse 
nonspecific vasculitis that resulted in 
multiple neurological deficits. The third 
patient had a malignant form of biopsy-
proved temporal arteritis that precipi-
tated bilateral CRAOs and a left hemi-

paresis. The incidence of vasculitis in 
our series is somewhat higher than in 
other series reported in which the inci-
dence has been 3% to 6%.1,3 

Cardiac vascular disease, including 
atrial myxoma, has been associated with 
C R A O in 2% to 17% of reported cases.1"3 

In our series, the association was 7%. In 
these cases of CRAO, embolization of 
rheumatic vegetations or myxoma tissue 
to the central retinal artery is thought 
to be the cause.6"8 

About one fourth of our cases of 
C R A O were temporally associated with 
surgery or carotid angiography. Three 
cases followed coronary revasculariza-
tion operations. The interval between 
surgery and C R A O was 6, 10, and 21 
days respectively. In two of these pa-
tients retinal emboli were noted. Wil-
liams9 has shown that retinal emboli 
after open heart surgery consist of plate-
lets and other blood cell aggregates, as 
well as fat and silicone material derived 
from the extracorporeal oxygenation 
system. One case of C R A O occurred 
immediately after carotid angiography. 
Because embolic material was identified 
on the optic disc, embolism of ather-
omatous material dislodged during the 
procedure most likely precipitated the 
event. Another case followed carotid 
endarterectomy during which embolic 
atheromatous material may have been 
dislodged. Similar observations have 
been made by others.10"12 In addition, 
one case of C R A O occurred after liga-
tion of the internal carotid artery for 
treatment of a carotid-cavernous sinus 
fistula, and another occurred after a 
cervical spine decompression operation. 
The cause of the C R A O in this last case 
is only speculation, but may have been 
related to inadvertent long-standing 
pressure on the globe during surgery.13'14 

Carotid angiography was performed 
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in 13 patients with C R A O as noted 
before. Ten patients had identifiable le-
sions in the ipsilateral carotid artery for 
an incidence of 76%. The degree of oc-
clusion ranged from 40% to 60% stenosis 
(four cases) to greater than 95% stenosis 
(six cases). These results are notable in 
several respects. First, to our knowledge 
our series represents the largest number 
of patients who have had carotid an-
giography following CRAO. Second, 
our findings corroborate a high associ-
ation between C R A O and ipsilateral 
carotid disease as first shown by Kollar-
its et al.5 That this association is clearly 
less than 100% is important. Further-
more, the three cases in which carotid 
angiograms were normal emphasize 
again that pathological mechanisms not 
obviously related to carotid disease may 
be associated with C R A O in elderly 
patients. 

The first patient with presenting 
symptoms of C R A O and normal carotid 
angiograms had many factors predis-
posing him to atherosclerotic disease, 
including hyperlipidemia, hyperurice-
mia, and chemical diabetes. In view of 
the normal angiograms, and no obvious 
source of emboli, the most likely cause 
was thrombotic occlusion of the central 
retinal artery. 

The second case of C R A O with nor-
mal carotid angiograms occurred in an 
apparently healthy elderly patient. Ap-
pen et al3 noted that 16% of their pa-
tients had no associated disease at the 
time of CRAO. However, carotid angio-
grams were not performed. 

Our third case of C R A O with normal 
carotid angiograms is of special interest. 
This patient had visual Symptoms for 
almost a year preceding a C R A O in the 
left eye. However, angiography did re-
veal a meningioma of the falx, which 
was fed by the left middle meningeal 

artery and the left anterior cerebral ar-
tery. It is worth noting that the left 
anterior cerebral artery is a branch of 
the left internal carotid artery, and that 
the left middle meningeal artery is a 
branch of the left external carotid ar-
tery. Furthermore, an anastomosis be-
tween the internal carotid system and 
the external carotid system usually oc-
curs via the lacrimal artery, a branch of 
the ophthalmic and the middle menin-
geal arteries.15 We suggest that this pa-
tient's visual symptoms and C R A O may 
have resulted from a steal syndrome in 
which blood was diverted from the cen-
tral retinal artery to the tumor via the 
anastomosis from the lacrimal to the 
middle meningeal artery. Although 
C R A O has been associated with carci-
noma of the colon, cecum, and bron-
chus,4 to our knowledge this is the first 
reported case of C R A O associated with 
an intracranial meningioma. 

Most of our patients had no neurolog-
ical symptoms prior to CRAO. Only 
33% of cases had symptoms and in Liv-
ersedge and Smith's2 series the incidence 
was 21%. Thus, C R A O may be the first 
sign of systemic vascular disease that 
can increase mortality and morbidity. 

Summary 

Thirty cases of C R A O occurring in 
27 patients are reviewed. About two-
thirds of the patients had hypertension 
or atherosclerosis or both as associated 
systemic findings. Carotid angiography 
was performed in 13 patients with 
C R A O and significant ipsilateral ca-
rotid artery disease was observed in 10 
(76%). In approximately 25% of cases, 
C R A O was related to a surgical or in-
vasive diagnostic procedure. The major-
ity of patients in our series had no neu-
rological symptoms prior to CRAO. 
This study, which reports the largest 
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series of carotid angiograms in patients 
with C R A O , emphasizes and confirms 
a significant correlation between C R A O 
and ipsilateral carotid artery disease. 
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