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Abstract
Purpose—To determine the incidence of central retinal artery occlusion in Olmsted County,
Minnesota.

Design—Retrospective chart review.

Methods—Medical records of all patients living in Olmsted County, MN between 1976 and
2005 diagnosed with central retinal artery occlusion cases were identified using the Rochester
Epidemiology Project medical records linkage system.

Results—Forty-three cases were identified for an unadjusted annual incidence in females of 1.02
per 100,000 and in males 1.67 per 100,000 with a combined incidence of 1.33. Incidence rates
were also age- and/or sex-adjusted to the 2000 census figures for the U.S. white population using
direct standardization. Age adjusted annual incidence per 100,000 for females was 1.15 (95%
confidence interval [CI], 0.60 – 1.71), for males was 2.78 (95% CI, 1.69 – 3.86), and combined
was 1.87 (95% CI, 1.31 – 2.43). When adjusted for age and sex, the incidence was 1.90 per
100,000 (95% CI, 1.33 – 2.47).

Conclusion—Central retinal artery occlusion is a rare event. The incidence is 1.3 per 100,000 in
Olmsted County, Minnesota, or 1.90 per 100,000 when age- and sex-adjusted for the United States
white population.

Introduction
The classic clinical presentation of central retinal artery occlusion (CRAO) has changed
very little since it was first described by Von Graefe in 1859. Clinically, patients present
with profound vision loss from ischemia to the inner retinal layer and an afferent pupillary
defect. Vision ranges from light perception to counting fingers in the majority of patients.
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On fundus exam, the posterior pole is opacified except for a cherry red spot where the nerve
fiber layer is the thinnest. There may be attenuation of the retinal arterioles and “box-
carring” or segmentation of the blood column. In 14 –26% of patients, there is cilioretinal
artery sparing2,3 which has important implications for visual prognosis depending on how
much of the papillomacular bundle is spared. With sparing of the foveola, 80% improve to
20/50 vision or better.

Voluminous literature has been written about CRAO, but only a few studies have reported
on incidence. Karjalainen in Helsinki reported an increasing incidence of retinal artery
occlusions per 1000 “first out-patient department visits” over the time studied (1959– 1969)
starting at approximately 0.5/1000 and ending at approximately 1/1000.4 At Wills Eye
Hospital, CRAO was estimated to occur in 1 per 10,000 outpatient visits.5 In Israel, it was
estimated to occur in 0.85 per 100,000 per year or 1.13 per 10,000 outpatient visits.6 In the
district of Split, Croatia, it was estimated to occur as an annual incidence of 0.7 (range 0.2–
1.7) per 100,000 population with an annual frequency of 3.4 over a 16 year period.7 In this
study as in most others, men were more frequently affected and the majority of patients were
in their 60s. The clinical characteristics and outcomes of the patients were not described.

In this study we determined the incidence of CRAO in Olmsted County, Minnesota and
describe the clinical characteristics of patients who have this disease.

Methods
Patient charts that indicated a diagnosis of ‘retinal artery occlusion’ from January 1, 1976,
through December 31, 2005 were selected and reviewed using the Rochester Epidemiology
Project. The Rochester Epidemiology Project is a medical records linkage system
established to study the epidemiology of disease for residents of Olmsted County in
Southeastern Minnesota. It links and indexes diagnostic and procedure information from
Mayo Clinic in Rochester, Minnesota and other facilities that provide health care to
residents in this community (Olmsted Community Hospital, Olmsted Medical Group, the
University of Minnesota and Department of Veterans Affairs hospitals in Minneapolis).8

Records were identified through the Rochester Epidemiology Project based the hospital
adaptation of the International Classification of Diseases and International Classification of
Diseases-9 codes for: retinal embolism, retinal infarction, Hollenhorst plaque, retinal
ischemia, retinal artery occlusion, retinal artery obstruction, artery eye occlusion, retinal
vascular occlusion, unspecified retinal ischemia, partial retinal arterial occlusion, retinal
arterial branch occlusion and transient retinal arterial occlusion. Patients were eligible for
including in this study if their record indicated a clinical history of abrupt vision loss and
fundus findings of retinal opacification or a cherry red spot or both. Cases were excluded if
there was a recent invasive or surgical procedure (including ocular surgery) known to
precipitate a CRAO. Also excluded were cases with an ocular condition that prevented a
view of the fundus.

Yearly incidence rates for each age and sex group were determined by dividing the number
of cases within each group by the estimated total Olmsted County resident population for
that year. Population figures for 1990 and 2000 came from US census, and populations for
the inter-census years were estimated by using linear interpolation. Estimates from the State
of Minnesota Demographer’s Office were used to aid with linear interpolation between
census years. Incidence rates were also age and sex-adjusted to the 2000 census figures for
the U.S. white population. The 95% confidence intervals (CI) were calculated by assuming a
Poisson distribution. Mortality was estimated by using the Kaplan-Meier method.
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The racial distribution of Olmsted County residents in 1990 was 95.7% Caucasian, 3.0%
Asian-American, 0.7% African-American, 0.3% each Native American and other. The
population of this county (106,470 in 1990) is relatively isolated from other urban areas, and
virtually all medical care is provided to residents by the Mayo Clinic or the Olmsted
Medical Group and their affiliated hospitals. Residency of patients at the time of diagnosis
was checked by using information from city and county directories. Patients not living in
Olmsted County at the time of their diagnosis were excluded.

Results
Between 1976 and 2005, out of 740 charts reviewed 43 cases of CRAO were identified
using the inclusion and exclusion criteria; 26 (60%) were male and 17 (40%) were female.
The mean age at presentation was 74.3 years (range 46–90). Racial characteristics of the
patients reflects Olmsted County’s population with 93% Caucasian and 2% each Asian,
African-American and Hispanic. Twenty-seven patients were afflicted in the right eye, 15
patients in the left eye, and one presented with bilateral disease. Patients presented on
average within 4 days (0.04 – 30 days) of onset, and 32 (74%) presented within one or two
days. Initial visual acuity was worse than 20/400 in 37 (86%) patients. Vision ranged from
no light perception (14%) to 20/25 (2%). The majority of patients (28 or 65%) had no prior
ocular history. On initial examination, 14 patients (33%) had retinal arterial emboli and 4
(9%) had cilioretinal sparing. Cardiovascular risk factors included: hypertension (88%),
diabetes mellitus (21%), hyperlipidemia (40%), and smoking16%. Twenty-four patients
(56%) had multiple cardiovascular risk factors. On presentation, 27 patients (56%) were not
on anti-coagulation therapy. Workups included transthoracic or transesophageal
echocardiogram (TTE, TEE), carotid ultrasound, cerebral angiography or magnetic
resonance angiography and erythrocyte sedimentation rate (ESR). Twenty-six patients were
examined by TTE or TEE. Valve disease was the most frequent abnormality found (10
patients). A thrombus was found in one patient. Vascular procedures including: carotid
ultrasound, cerebral angiography or magnetic resonance angiography were performed 32
times among 26 patients. There was a significant vascular stenosis (>50%) in six patients.
Thirty-eight patients had a recorded ESR, with a median of 11 (range 0–86). The ESR of 86
was recorded in a patient with known rheumatoid arthritis who subsequently had a negative
temporal artery biopsy. Of the 43 CRAO cases, three patients underwent surgical
intervention for systemic abnormalities found during the workup for CRAO (one each:
bilateral carotid endarterectomy, pacemaker placement, superficial temporal artery to middle
cerebral artery bypass). Multiple treatments for CRAO were attempted (ocular massage
(40%), glaucoma medications (33%), paracentesis (16%), anticoagulation (14%),
supraorbital artery cannulation with infusion of heparin (14%), hyperbaric oxygen (2%))
although no treatment was superior to others. The average follow up after diagnosis was 5
years (range 2 days – 22.5 years). Thirty-five patients were deceased at the conclusion of the
study period. Causes of death included coronary events in 14 (33%), stroke in 5 (12%), and
other causes in 15 (35%). One death was from an unknown cause. The unadjusted annual
incidence of CRAO in Olmsted County for females and males was 1.02 and 1.67 per
100,000, respectively, and the combined incidence was 1.33 per 100,000. The age adjusted
annual incidence per 100,000 for females was 1.15 (95% CI, 0.60 – 1.71), for males was
2.78 (95% CI, 1.69 – 3.86), and combined was 1.87 (95% CI, 1.31 – 2.43). When adjusted
for age and sex, the annual incidence was 1.90 per 100,000 (95% CI, 1.33 – 2.47).

Discussion
The age and sex adjusted incidence of central retinal artery occlusion for this sample, and
the U.S. white population, is slightly higher at 1.90 per 100,000 than the 0.7 per 100,000 in
the district of Split Croatia. The mean age in this study was more than a decade older than it
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was in the Croatian study (74 versus 61.9) with the highest incidence in the 75 – 84 year age
group compared to the 60 – 69 year age group in the Croatian study.7 The majority of
CRAO cases occurred in males in both studies. When specified, more right eyes occurred in
our study and several previous studies4,7,12 more left eyes occurred in two studies6,16 and
right and left eyes were almost equally affected one study.2

Fundus findings on initial examination in this study contrast with Hayreh9 who found more
frequent optic disc pallor, disc edema and cilioretinal sparing and less frequent boxcarring
and retinal arteriole attenuation. Differences between our study and that of Hayreh may be
related to differences in study design and sample size; Hayreh examined 240 consecutive
patients with the explicit purpose of describing the fundus findings whereas our study was
retrospective and involved review of clinical records from multiple different clinicians.

CRAO is associated with significant systemic pathologies, often with similar pathogenic
mechanisms. The majority of CRAOs are secondary to intraluminal thrombosis or
embolism.10 Cardiovascular risk factors that predispose to CRAO include hypertension,
diabetes, and carotid atherosclerotic disease. Thrombophilic risk factors found to be
independent risk factors for CRAO are hypercholesterolemia, smoking,
hyperhomocysteinemia and lipoprotein (a) greater than 300 mg/l.11 Retinal emboli are found
in approximately 20% of central retinal artery occlusions, and portend a poor prognosis and
decreased overall survival.12 Patients with CRAO have higher rates of significant carotid
atherosclerotic disease, cardiovascular events, diabetes mellitus and stroke.12–15

Hypertension was most frequent followed by hyperlipidemia and diabetes. The results in this
study parallel Duker10 and Brown et al.16 in which about 60% of patients had hypertension
and 25% had diabetes.

Other systemic factors associated with CRAO included carotid stenosis, cardiac valvular
disease, and giant cell arteritis. Brown et al. noted that carotid stenosis was present in 32%
of patients and Appen et al.12 found that it was present in 11%. In this study significant
(>50% occlusion) carotid stenosis was present in 14% of CRAO patients, and stenosis with
mild to moderate plaque in 30%. Cardiac valve disease was present 23% of patients in our
study, similar to 28% found in a prior study by Sharma.15 Generally, approximately 5% of
retinal arterial occlusions are found secondary to giant cell arteritis while in our study no
cases were identified.

Visual outcome after treatment in patients with CRAO was poor, consistent with previous
studies. Multiple treatments, including supraorbital cannulation, anticoagulation, and
intraocular pressure lowering maneuvers, were provided with no better outcome compared
to the patients who received no treatment (28%). At final follow up, 86% of eyes had vision
of counting fingers or worse. Vision improved in 30% of patients presenting with counting
fingers vision or worse. Similarly, Hayreh et al. found that 22% of nonarteritic CRAOs with
vision of counting fingers or worse improved.17 Our slightly higher improvement in vision
may be secondary to cilioretinal sparing not documented at the time of the exam.

This study is limited by its retrospective design. Cases may not have been captured if they
were inaccurately diagnosed, coded, entered in the chart or if patients failed to present at an
Olmsted County facility. Also, the study was based on a United States white population,
which may not reflect the overall demographic composition of the United States or other
populations around the world. As well, the number of cases identified was so small that
epidemiological trends cannot be determined from the data. Our data may have been slightly
biased by the possible inclusion of ophthalmic artery occlusions, because most cases were
not verified by fluorescein angiography.
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In summary the age- and sex adjusted- annual incidence of CRAO is 1.90 per 100,000. Like
previous studies visual outcome is poor and there was no proven benefit for any treatment.
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