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Stroke

Prevalence of Asymptomatic Coronary Artery Disease in
Ischemic Stroke Patients

The PRECORIS Study

David Calvet, MD; Emmanuel Touzé, MD, PhD*; Olivier Varenne, MD, PhD*;
Jean-Louis Sablayrolles, MD; Simon Weber, MD; Jean-Louis Mas, MD

Background—Coronary artery disease (CAD) is a significant cause of morbidity and mortality in stroke patients. Some
patients with asymptomatic CAD might benefit from specific prevention, but the prevalence of asymptomatic CAD is
not well known. We assessed the prevalence of �50% asymptomatic CAD in patients with ischemic stroke or transient
ischemic attack and whether the prevalence is related to traditional vascular risk factors and cervicocephalic
atherosclerosis.

Methods and Results—From January 2006 to February 2009, consecutive patients between 45 and 75 years of age with
nondisabling, noncardioembolic ischemic stroke or transient ischemic attack and no prior history of CAD were enrolled
in the study. All patients had a 64-section computed tomography coronary angiography and a detailed cervicocephalic
arterial workup. Risk factors were assessed individually and through the Framingham Risk Score. Among 300 patients
included in the study, 274 had computed tomography coronary angiography. The prevalence of �50% asymptomatic
CAD was 18% (95% confidence interval [CI], 14 to 23; n�50). Asymptomatic CAD was independently associated with
traditional risk factors assessed individually and through the Framingham Risk Score (odds ratio [OR], 2.6; 95% CI, 1.0
to 7.6 for a 10-year risk of coronary heart disease of 10% to 19%; and OR, 7.3; 95% CI, 2.8 to 19.1 for a 10 year-risk
of coronary heart disease �20%), the presence of at least 1 �50% cervicocephalic artery stenosis (OR, 4.0; 95% CI,
1.4 to 11.2), excessive alcohol consumption (OR, 3.1; 95% CI 1.3 to 7.3), and ankle brachial index �0.9 (OR, 2.2; 95%
CI, 0.9 to 5.2). The prevalence of �50% asymptomatic CAD was also related to the extent of cervicocephalic
atherosclerosis.

Conclusions—About one fifth of patients with nondisabling, noncardioembolic ischemic stroke or transient ischemic
attack have �50% asymptomatic CAD. In addition to vascular risk factors, the presence of �50% cervicocephalic artery
stenosis is strongly related to �50% asymptomatic CAD. (Circulation. 2010;121:1623-1629.)
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Coronary artery disease (CAD) is usually considered a
significant cause of morbidity and mortality in pa-

tients who had a stroke or a transient ischemic attack
(TIA).1 Although recurrent strokes occur more commonly
than cardiac events over the long term after stroke, cardiac
events still account for a greater proportionate mortality.2,3

To improve the prevention of CAD in stroke patients, it
could be relevant to identify patients with asymptomatic
coronary artery stenosis who might benefit from specific
additional therapeutic measures to prevent a first coronary
event. The American Heart Association/American Stroke
Association statement recommends an individual risk as-
sessment based notably on Framingham Risk Score (FRS)
and on the presence of significant carotid disease to

identify stroke patients who should be considered for
noninvasive testing for CAD.1 However, the validity of
such an approach has never been tested. In addition, classic
noninvasive tests detecting silent ischemia have relatively
low sensitivities and specificities for the diagnosis of
significant coronary lesions.4 The most recent 64-section
computed tomography (CT) has a sensitivity of �85% and
a specificity of �95% to detect coronary lesions leading to
�50% stenosis, with conventional angiography used as the
reference standard.5 We therefore assessed the prevalence
of �50% asymptomatic CAD, detected with 64-section
CT, in patients with ischemic stroke or TIA and whether
the prevalence is related to traditional vascular risk factors
and cervicocephalic atherosclerosis.
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Methods
Study Population
The study was conducted in consecutive patients admitted to our
stroke unit from January 2006 to February 2009. Patients were
referred to our stroke unit by emergency departments from hospitals
located in the south part of Paris and its suburbs and by general
practitioners and emergency ambulance services in the same area.
Patients were eligible if they were 45 to 75 years of age; had had an
ischemic stroke (confirmed by brain imaging) regardless of the
duration of symptoms6 or a probable TIA according to the National
Institute of Neurological Disorders and Stroke criteria7 resulting
from large-artery atherosclerosis, small-vessel disease, or an unde-
termined cause according to the Trial of Org 10172 in Acute Stroke
Treatment classification8; and had no prior history of CAD. Patients
with disabling stroke (modified Rankin scale score �3 on a scale of
0 to 5, with higher scores indicating more severe disability),
cardioembolic stroke, contraindications to multislice CT (MSCT)
coronary angiography, or life expectancy of �3 years were not
eligible. The study was approved by the local ethics committee, and
all patients provided informed consent.

Among the 368 eligible patients, 58 refused to participate, and 10
could not be enrolled because of participation in another study
(Figure 1). Of the 300 included patients, 21 patients eventually
refused to undergo MSCT coronary angiography, 3 could not have
MSCT coronary angiography because of a subsequent medical event
(acute coronary syndrome, brain hemorrhage, and complicated arm
fracture), and 2 patients had MSCT coronary angiography that could
not be interpreted. The remaining 274 patients were included in the
analysis. During the study period, 74 patients 45 to 75 years of age
with nondisabling stroke or TIA and no prior history of coronary
disease were admitted to our stroke unit but were not eligible because
they had had a cardioembolic stroke (atrial fibrillation in 55 patients,
prosthetic valve in 5, cardiac tumor in 3, infective endocarditis in 2,
and patent foramen ovale with atrial septal aneurysm in patients �60
years of age in 9).

Demographic data, previously known vascular risk factors, and
cardiovascular medical history were collected prospectively by an
investigator during a face-to-face interview using a specific case
report form. Lipid profile was measured at admission, with a median
time from stroke or TIA onset of 48 hours. At inclusion, systolic and
diastolic blood pressures were measured after a 10-minute rest period
in the supine position. Pressure was measured 3 times, and the mean
of the last 2 measurements was calculated. The median time from
stroke or TIA onset to inclusion blood pressure measurement was 8
days. Ankle brachial index (ABI) was determined by averaging the
dorsalis and posterior tibial arterial pressures in each leg.9 The lowest
value was retained. All patients had brain magnetic resonance
imaging with spin-echo diffusion-weighted imaging (n�271, 99%)
or CT scan, a standardized causal workup that included standard
blood tests, 12-lead ECG, prolonged 3-lead cardiac monitoring,
arterial investigations, and echocardiography (transthoracic in all and
transesophageal in 264 patients, 96%). Imaging of cervical and
intracranial arteries consisted of cervical and transcranial Doppler
ultrasound in all patients and 3-dimensional time-of-flight magnetic
resonance angiography of the circle of Willis in 271 patients (99%),
cervical gadolinium-enhanced magnetic resonance angiography in
263 patients (96%), 64-section CT angiography in 12 patients (4%),
and conventional angiography in 8 patients (3%). CT angiography
and conventional angiography were done in case of contraindication
to magnetic resonance angiography or discrepancies between Dopp-
ler ultrasound and magnetic resonance angiography. Cervicocephalic
atherosclerosis was assessed with a standardized method. An inves-
tigator blinded to clinical data and results of the MSCT coronary
angiography reviewed all available arterial investigations and as-
sessed each arterial segment for the presence of cervicocephalic
atherosclerosis. The severity of atherosclerosis was assessed from
the degree of stenosis. Cervical carotid artery stenosis was measured

according to the North American Symptomatic Carotid Endarterec-
tomy Trial (NASCET) method,10 which is based on measurement of
the minimum residual lumen at the point of maximum stenosis and
the diameter of the normal internal carotid artery beyond the carotid
bulb at a point where the walls of the artery are parallel. For other
cervicocephalic arteries, we used the percent stenosis, with the
estimate of the normal arterial diameter at the point of maximum
stenosis taken as the closest measurable section of nondiseased artery
(ie, analogous to the NASCET method of measurement of carotid
stenosis).11 Each arterial segment was then classified as normal,
�50% stenosis, or �50% stenosis. The presence of atherosclerosis
was defined by at least 1 stenosis in at least one of the following
arterial segments: common carotid artery, carotid bifurcation, cervi-
cal internal carotid artery, intracranial internal carotid artery, seg-
ments of the vertebral artery (ostium, prevertebral, transversarial,
atlas loop, intracranial), segments of the basilar artery (proximal,
middle, distal), proximal segment of the posterior cerebral artery, or
proximal segment of the middle cerebral artery. The presence of at
least 2 noncontiguous stenoses in at least 2 different arterial
segments and the severity of those stenoses were used to assess the
extent of cervicocephalic atherosclerosis.

MSCT Coronary Angiography
We performed 64-section CT examinations of coronary arteries
(LightSpeed VCT, GE Healthcare, Waukesha, Wis) using a tech-
nique that we reported elsewhere.12 In that study conducted in
patients at high risk for CAD,12 MSCT coronary angiography had a
sensitivity of 100% and a specificity of 89% (compared with
conventional coronary angiography) for detecting patients with
�50% CAD. All MSCT coronary angiographies were reviewed by a
single experienced radiologist blinded to clinical data. Each coronary
artery was examined using the same artery segmentation as conven-
tional coronary angiography.13 Only arterial segments that were
visually estimated to be �1.5 mm in diameter were analyzed. Image
quality of each segment was rated as excellent (no motion artifacts or
minor artifacts and clear delineation of the coronary artery segment),
fair (moderate artifacts without vessel wall discontinuity or severe
artifacts with a vessel wall discontinuity but maintained visualization
of the arterial lumen), or poor (noninterpretable coronary artery
segments). Coronary arteries were analyzed with 3-dimensional
volume-rendered, 3-dimensional maximum-intensity projection, and
axial row data. Coronary artery stenosis was graded on the basis of
curved reformatted and cross-sectional images. The degree of steno-
sis was quantified on orthogonal views with an automatic vessel
analysis tool.14 The degree of stenosis was measured only if the
visually observed degree of stenosis was �30%. The percentage of
stenosis was evaluated as a diameter percentage. Patients were
categorized as no CAD (no plaque), �50% CAD (at least 1 lesion
�50% and no stenosis �50%), and �50% CAD (at least 1 stenosis
�50%).

Statistical Analysis
We assumed that the prevalence of �50% asymptomatic CAD
would be �25%. This assumption was based on the results of the

Eligible patients (n=368)

• Refusal (n=58)

• Participation in another study (n=10)

Included patients (n=300)

• Unable to undergo MSCT coronary angiography

•Consent withdrawal (n=21)

•Subsequent medical event (n=3)

• CT coronary angiography not interpretable  (n=2)

Analyzed patients (n=274)

Figure 1. Flow chart.
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only study that assessed the prevalence of coronary artery stenosis
using conventional coronary angiography.15 In that study, which
involved patients scheduled for endarterectomy, the prevalence of
coronary artery stenosis was 40%.15 However, because our patients
were not selected on the basis of carotid stenosis, we expected that
the prevalence of �50% asymptomatic CAD would be lower in our
population. We calculated that a sample size of 288 patients was
needed to provide a precision of 5% around a prevalence of 25%. We
included 300 patients to account for technique failures and consent
withdrawals. We calculated the prevalence of CAD with 95%
confidence intervals (CIs). FRS16 was calculated for each patient,
and standard cutoffs (�10%, 10% to 19%, and �20% 10-year risk
of coronary heart disease [CHD]) were used.17 The relationships
between �50% CAD and patient characteristics were assessed by
calculation of crude and adjusted odds ratios (ORs) through logistic
regression models. Variables with values of P�0.10 in univariate
analyses were entered into multivariate logistic models.18 We also
performed a backward stepwise logistic regression analysis with all
variables tested in univariate analysis, with a value of P�0.10 used
as the cutoff for retention in the model.

Results
Characteristics of the 274 patients are shown in Table 1.
Mean age was 62.5 years (SD, 8.0 years), and 192 patients
(70%) were male. Two hundred thirty-five patients (86%) had
ischemic stroke, and 39 (14%) had TIA. Carotid territory was
involved in 180 patients (66%); vertebrobasilar territory, in
94 (34%). No statistical difference was found between the
274 included patients who had MSCT (n�274) and the 79
patients who refused to participate (n�58) or eventually
refused to undergo MSCT (n�21) with respect to gender,
age, history of hypertension, history of diabetes, values of
low-density lipoprotein (LDL) cholesterol, and presence of at
least 1 �50% cervicocephalic stenosis (data not shown). The
median time from ischemic stroke or TIA onset to MSCT
coronary angiography was 68 days (interquartile range, 35 to
132 days). The quality of MSCT coronary angiography was
rated as excellent for all segments in 234 patients (86%) and
as fair for all segments in 19 patients (7%). In 16 patients,
quality was excellent except for 1 to 6 segments, which were
rated as fair in 14 and as not interpretable in 2 patients. In 5
patients, quality was fair except for 1 to 5 segments, which
were not interpretable.

The prevalence of �50% asymptomatic CAD was 18%
(95% CI, 14 to 23; n�50 patients). Among patients with
�50% asymptomatic CAD, 26 (52%) had single-vessel
disease, 13 (26%) had 2-vessel disease, 8 had (16%) 3-vessel
disease, 1 had left main trunk disease only, and 2 had left
main trunk disease with single- (n�1) or 2-vessel (n�1)
disease. Eighty-three patients (30%) had �50% asymptom-
atic CAD, and 141 (52%) had no CAD.

Compared with patients with no CAD or �50% CAD,
those with �50% asymptomatic CAD were significantly
more likely to be male (OR, 8.5; 95% CI, 2.6 to 28.3), �60
years of age (OR, 2.0; 95% CI, 1.0 to 3.9), current or past
smokers (OR, 3.5; 95% CI, 1.6 to 7.7), and heavy alcohol
drinkers (OR, 3.3; 95% CI, 1.5 to 7.3; Table 1). They were
also more likely to have a history of symptomatic peripheral
artery disease (OR, 6.4; 95% CI, 1.4 to 29.6), ABI �0.9 (OR,
2.9; 95% CI, 1.4 to 6.3), blood pressure �140/90 mm Hg at
inclusion (OR, 2.2; 95% CI, 1.2 to 4.1), and LDL cholesterol
�130 mg/dL at inclusion (OR, 4.2; 95% CI, 1.5 to 11.3).

There was a nonsignificant association between �50%
asymptomatic CAD and diabetes mellitus (OR, 1.4; 95% CI,
0.6 to 3.3), history of dyslipidemia (OR, 1.5; 95% CI, 0.8 to
3.0), and high-density lipoprotein cholesterol �35 mg/dL

Table 1. Risk Factors for >50% Asymptomatic CAD
(Univariate Analysis)

Prevalence of �50% Asymptomatic
CAD

Characteristics of
the Patients n (%)* n (%)†

Crude OR
(95% CI) P

Male 192 (70) 47 (24) 8.5 (2.6–28.3) �0.0001

Age �60 y 162 (59) 36 (22) 2.0 (1.0–3.9) 0.043

Hypertension‡ 122 (45) 21 (17) 0.9 (0.5–1.6) 0.691

Blood pressure
�140/90 mm Hg

116 (42) 26 (25) 2.2 (1.2–4.1) 0.014

Dyslipidemia‡ 65 (24) 15 (23) 1.5 (0.8–3.0) 0.250

LDL cholesterol, mg/dL

�100 57 (21) 5 (9) 1 0.0003¶

100–129 98 (36) 11 (11) 1.3 (0.4–4.0)

�130 119 (43) 34 (29) 4.2 (1.5–11.3)

HDL cholesterol, mg/dL

�60 63 (23) 9 (14) 1 0.153

35–59 102 (37) 15 (15) 1.0 (0.4–2.5)

�35 109 (40) 26 (24) 1.9 (0.8–4.3)

Diabetes mellitus‡ 35 (13) 8 (23) 1.4 (0.6–3.3) 0.451

Alcohol consumption§

Rare or none 171 (62) 21 (12) 1 0.0008¶

Moderate 59 (22) 15 (25) 2.4 (1.2–5.1)

Excessive 44 (16) 14 (32) 3.3 (1.5–7.3)

Smoking (active or past) 177 (65) 42 (24) 3.5 (1.6–7.7) 0.002

FRS-predicted 10-y CHD
risk, %

�10 109 (40) 7 (6) 1 �0.0001¶

10–19 102 (37) 18 (18) 3.1 (1.2–7.8)

�20 63 (23) 25 (40) 9.6 (3.8–24.0)

Body mass index, kg/m2

�25 112 (41) 17 (15) 1 0.482

�25 and �30 112 (41) 24 (21) 1.5 (0.3–3.0)

�30 50 (18) 9 (18) 1.2 (0.5–3.0)

ABI �0.9 37 (14) 13 (35) 2.9 (1.4–6.3) 0.006

Ischemic stroke (vs TIA) 235 (86) 43 (18) 1.0 (0.4–2.5) 0.958

Carotid (vs
vertebrobasilar territory)

180 (66) 31 (17) 0.8 (0.4–1.6) 0.543

Symptomatic peripheral
artery disease

7 (3) 4 (57) 6.4 (1.4–29.6) 0.017

Past history of stroke 21 (8) 3 (14) 0.7 (0.2–2.6) 0.626

Family history of stroke 44 (16) 9 (20) 1.2 (0.5–2.7) 0.679

Family history of CAD 52 (19) 7 (13) 0.6 (0.3–1.5) 0.324

HDL indicates high-density lipoprotein.
*Percentage of the total population (n�274) in each category.
†Percentage of asymptomatic �50% CAD in each category.
‡Known and treated before ischemic stroke or TIA.
§Moderate alcohol consumption: at least 10 but �20 g/d for women and

�30 g/d in men; rare consumption: �10 g/d.
¶P for trend.
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(OR, 1.9; 95% CI, 0.8 to 4.3). The prevalence of �50%
asymptomatic CAD increased gradually with FRS levels (P
for trend �0.0001; Table 1). The predictive value of FRS was
not modified after further adjustment for delay from stroke
onset to blood pressure measurement (data not shown).
Asymptomatic �50% CAD was unrelated to family history
of stroke or CAD, arterial territory of stroke or TIA, and
whether the patient had ischemic stroke or TIA.

Table 2 shows that the prevalence of �50% CAD
increased with the presence and degree of stenosis of cervi-
cocephalic atherosclerosis from 7% in patients with no
cervicocephalic atherosclerosis to 17% in those with �50%
cervicocephalic stenosis and rose to 33% in those with at least
1 �50% cervicocephalic stenosis (P for trend �0.0001).
Asymptomatic �50% CAD was also related to the extent of
cervicocephalic atherosclerosis, ranging from 10% in patients

with 1 �50% cervicocephalic stenosis to 43% in patients
with at least 2 �50% cervicocephalic stenoses (Table 2).

Figure 2 shows that the prevalence of �50% asymptomatic
CAD increased with the severity of cervicocephalic artery
stenosis in each FRS stratum, from 2% in patients with
FRS-predicted 10-year risk of CHD �10% and no cervico-
cephalic atherosclerosis to 50% in those with FRS-predicted
10-year risk �20% and �50% cervicocephalic stenosis.
Patients with �50% cervicocephalic stenosis, �20% FRS-
predicted 10-year risk of CHD, or both accounted for 41%
(113 of 274) of the total population. The prevalence of �50%
asymptomatic CAD in these patients was 33% (37 of 113),
accounting for 74% (37 of 50) of patients with �50%
asymptomatic CAD. In these patients, the prevalence of
3-vessel disease or left main trunk disease was 9% (10 of
113), accounting for 91% (10 of 11) of patients with 3-vessel
disease or left main trunk disease.

Multivariate analyses are shown in Table 3. In model 1
(using individual risk factors), male gender, age �60 years,
LDL cholesterol �130 mg/dL, and presence of at least 1
�50% cervicocephalic stenosis were significantly associated
with �50% asymptomatic CAD. There was a nonsignificant
association between �50% asymptomatic CAD and smoking,
blood pressure �140/90 mm Hg, and excessive alcohol
consumption. In model 2 (using FRS), FRS, excessive alco-
hol consumption, and the presence of at least 1 �50%
cervicocephalic stenosis were significantly associated with
�50% asymptomatic CAD. In both models, the association
between ABI �0.9 and �50% asymptomatic CAD did not
reach statistical significance. Stepwise logistic regression
analyses using all variables tested in the univariate analysis
provided the same set of independent predictors of �50%
asymptomatic CAD as the logistic regression analyses shown
in Table 3 (data not shown).

Table 4 shows that the prevalence of �50% asymptomatic
CAD also increased with the extent of cervicocephalic
atherosclerosis in patients with �50% and in those with
�50% cervicocephalic atherosclerosis. Adjusted ORs for
other variables were similar to those presented in Table 3
(data not shown).

Discussion
This study shows that 18% of patients between 45 and 75
years of age with nondisabling, noncardioembolic ischemic

Table 2. Relationship Between Severity of Cervicocephalic
Stenosis and Extent of Cervicocephalic Atherosclerosis and
>50% Asymptomatic CAD (Univariate Analysis)

Prevalence of �50%
Asymptomatic CAD

Characteristics of
the Patients n (%) n (%)†

Crude OR
(95% CI) P‡

Severity of
cervicocephalic stenosis

No atherosclerosis 89 (32) 6 (7) 1 �0.0001

At least 1 �50%
stenosis

109 (40) 19 (17) 2.9 (2.6–7.7)

At least 1 �50%
stenosis

76 (28) 25 (33) 6.8 (2.6–17.7)

Extent of
cervicocephalic
atherosclerosis

No atherosclerosis 89 (32) 6 (7) 1 �0.0001

1 �50% stenosis 39 (14) 4 (10) 1.6 (0.4–6.0)

�2 �50% stenosis 70 (26) 15 (21) 3.8 (1.4–10.3)

1 �50% stenosis 53 (20) 15 (28) 5.5 (2.0–15.2)

�2 �50% stenosis 23 (8) 10 (43) 10.6 (3.3–34.2)

*Percentage of the total population in each category.
†Percentage of asymptomatic �50% CAD in each category.
‡P for trend.
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of patients with 3-vessel disease or left
main trunk disease.

1626 Circulation April 13, 2010

 at INSERM - DISC on April 2, 2010 circ.ahajournals.orgDownloaded from 

http://circ.ahajournals.org


stroke or TIA have �50% asymptomatic CAD. In addition to
traditional vascular risk factors, the severity of cervicoce-
phalic artery stenosis and extent of cervicocephalic athero-

sclerosis were strongly associated with �50% asymptomatic
CAD.

Most previous studies that assessed the prevalence of
asymptomatic CAD in patients with cerebrovascular disease
looked for silent myocardial ischemia through exercise ECG
tests or stress imaging techniques.19 However, these nonin-
vasive techniques have a low sensitivity compared with
coronary angiography.4 In addition, the studies either were
small or enrolled highly selected populations.19 Only 1 study
used coronary angiography to detect asymptomatic CAD in
stroke/TIA patients.15 In that study involving 506 patients
scheduled for carotid endarterectomy, including 288 patients
with no previously known CAD, 40% had at least 1 coronary
artery lesion �70%. In a study using 8-section CT coronary
angiography, the prevalence of �50% asymptomatic CAD
was 38% in 104 Japanese stroke patients.20 Finally, an
autopsy study reported a prevalence of �50% coronary artery
stenosis of 29% among 188 patients with fatal ischemic
stroke and no history of symptomatic CAD.21

An American Heart Association/American Stroke Associ-
ation statement has recommended that stroke/TIA patients
with an FRS-predicted 10-year CHD risk �20% should be
considered for noninvasive testing for asymptomatic CAD.1

Our finding that traditional risk factors for coronary events
taken either individually or through the FRS are strongly
associated with �50% asymptomatic CAD supports this
recommendation. However, because our patients were inves-
tigated for asymptomatic CAD early after stroke/TIA, it
remains unknown whether the impact of conventional risk
factors is similar in patients who are investigated several
years after their event and whose risk factors are controlled.
Several cohort studies have shown that ABI is an accurate and
reliable marker for generalized atherosclerosis and that peo-
ple with a low ABI have an increased risk of vascular events,
including coronary events.22–24 Our finding that the preva-
lence of �50% asymptomatic CAD was higher in patients
with low ABI is in agreement with those data.

In addition to those well-known risk factors for CAD, our
study shows that the severity of cervicocephalic stenosis and
extent of cervicocephalic atherosclerosis are strong and inde-
pendent predictors of �50% asymptomatic CAD. Few stud-
ies previously assessed the relationships between cervicoce-
phalic atherosclerosis and CAD. Old autopsy studies of
persons who died of any cause showed an association
between the extent and severity of atherosclerotic lesions in
cervicocephalic and coronary arteries.25,26 A similar associa-
tion was found in a recent autopsy study of patients who died
of stroke.21 However, the results of this study cannot be
generalized to all stroke patients, particularly because cardio-
embolic strokes were overrepresented. In a few cross-
sectional studies, asymptomatic CAD (detected by noninva-
sive cardiac tests) was more common in patients with stroke
attributable to atherosclerosis than in those with other stroke
subtypes.27–29 However, those studies either were small29 or
enrolled selected populations.27,28 In patients with suspected
CAD scheduled for conventional coronary angiography,
CAD was found to be more common in those with carotid
artery disease.30,31 Finally, cohort studies have shown that
asymptomatic carotid stenosis is an independent risk factor

Table 3. Risk Factors for >50% CAD (Multivariate Analysis)*

Adjusted OR (95% CI)

Model 1
(Using Individual Risk Factors)

Model 2
(Using FRS)

Male gender 7.7 (2.0–29.5)

Age �60 y 2.6 (1.2–5.6)

Blood pressure
�140/90 mm Hg

1.9 (0.9–4.0)

LDL cholesterol, mg/dL

�100 1

100–129 1.9 (0.6–6.5)

�130 5.3 (1.7–16.4)

Alcohol consumption

Rare or none 1 1

Moderate 1.1 (0.5–2.7) 1.7 (0.7–3.8)

Excessive 1.8 (0.7–4.6) 3.1 (1.3–7.3)

Smoking (active or past) 2.1 (0.8–5.1)

FRS-predicted 10-y risk of
CHD, %

�10 1

10–19 2.6 (1.0–7.6)

�20 7.3 (2.8–19.1)

ABI �0.9 2.2 (0.9–5.5) 2.2 (0.9–5.2)

Severity of cervicocephalic
stenosis

No atherosclerosis 1 1

�50% stenosis 2.3 (0.8–6.7) 2.3 (0.8–6.4)

�50% stenosis 3.7 (1.3–10.9) 4.0 (1.4–11.2)

*Variables with P�0.10 in univariate analyses were entered into these
logistic models.

Table 4. Relationship Between Extent of Cervicocephalic
Atherosclerosis and >50% Asymptomatic CAD*

Adjusted OR (95% CI)

Model 1
(Using Individual Risk Factors)

Model 2
(Using FRS)

Cervicocephalic
atherosclerosis†

No atherosclerosis 1 1

1 �50% stenosis 1.3 (0.3–5.3) 1.3 (0.3–5.3)

�2 �50% stenosis 3.0 (1.0–9.2) 2.9 (1.0–8.5)

1 �50% stenosis 3.2 (1.0–10.2) 3.6 (1.2–10.8)

�2 �50% stenosis 5.3 (1.4–20.4) 5.3 (1.4–19.5)

*Variables with P�0.10 in univariate analyses were entered into these
logistic models.

†Cervicocephalic atherosclerosis is a single variable with 5 classes, and the
models take into account other variables shown in Table 3 (male gender, age,
blood pressure, LDL cholesterol, alcohol consumption, smoking, and ABI for
model 1; alcohol consumption, 10-year risk of CHD according to the FRS, and
ABI for model 2).
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for myocardial infarction32 and that patients with bilateral
carotid atherosclerosis are more likely to have previous
myocardial infarction and to die as a consequence of myo-
cardial infarction.33 Our results, taken together with those
previous findings, therefore support the need for a thorough
assessment of cervical and intracranial atherosclerosis to
identify stroke/TIA patients with a high risk of asymptomatic
CAD.

Our study, however, has potential limitations. First, this
study was a single-center study, and the generalizability of
our results may be questionable. However, patients were
referred to our stroke unit by emergency departments from
general hospitals located in our geographic area, general
practitioners, and emergency ambulance services without
selection criteria. Second, inclusion of only patients 45 to 75
years of age could have affected the prevalence of asymp-
tomatic CAD, considering the strong relation between age
and CAD. However, we aimed at including patients in whom
specific CAD preventive strategies such as revascularization
could be contemplated. Moreover, it is unlikely that the
relative effects observed in our population would be different
in older patients. Third, our results do not apply to patients
with cardioembolic stroke. The decision not to include these
patients was driven mainly by the fact that artifacts on CT
scan can be problematic in patients with atrial fibrillation.

Although all patients with stroke/TIA require risk factor
modification, conventional risk factors and the FRS are able
to identify those with more advanced asymptomatic CAD.
When these conventional risk factors are combined with the
severity of cervicocephalic atherosclerosis, about three quar-
ters of patients with �50% asymptomatic CAD and 90% of
those with 3-vessel disease or left main trunk disease could be
identified in a subset of patients, accounting for 40% of this
stroke population.

This study demonstrates the systemic nature of atheroscle-
rosis in that significant disease in 1 territory is related to
asymptomatic disease in another organ (the heart), especially
with elevations of the common risk factors for atherosclero-
sis. This study cannot address the value of screening for
asymptomatic CAD, particularly because TIA and stroke are
considered “coronary risk equivalents” and warrant intensive
atherosclerosis risk factor modification. Unless tested in
further studies, screening stroke patients for asymptomatic
CAD is not recommended, and the need for coronary revas-
cularization should be addressed by standard algorithms as
suggested by national guidelines.34
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3. Touzé E, Varenne O, Chatellier G, Peyrard S, Rothwell PM, Mas JL. Risk
of myocardial infarction and vascular death after transient ischemic attack
and ischemic stroke: a systematic review and meta-analysis. Stroke.
2005;36:2748–2755.

4. Fox K, Garcia MA, Ardissino D, Buszman P, Camici PG, Crea F, Daly
C, De BG, Hjemdahl P, Lopez-Sendon J, Marco J, Morais J, Pepper J,
Sechtem U, Simoons M, Thygesen K, Priori SG, Blanc JJ, Budaj A,
Camm J, Dean V, Deckers J, Dickstein K, Lekakis J, McGregor K, Metra
M, Morais J, Osterspey A, Tamargo J, Zamorano JL. Guidelines on the
management of stable angina pectoris: executive summary: the Task
Force on the Management of Stable Angina Pectoris of the European
Society of Cardiology. Eur Heart J. 2006;27:1341–1381.

5. Hamon M, Morello R, Riddell JW, Hamon M. Coronary arteries: diag-
nostic performance of 16- versus 64-section spiral CT compared with
invasive coronary angiography: meta-analysis. Radiology. 2007;245:
720–731.

6. Albers GW, Caplan LR, Easton JD, Fayad PB, Mohr JP, Saver JL,
Sherman DG. Transient ischemic attack: proposal for a new definition.
N Engl J Med. 2002;347:1713–1716.

7. Special report from the National Institute of Neurological Disorders and
Stroke: classification of cerebrovascular diseases III. Stroke. 1990;21:
637–676.

8. Adams HP Jr, Bendixen BH, Kappelle LJ, Biller J, Love BB, Gordon DL,
Marsh EE III. Classification of subtype of acute ischemic stroke: defi-
nitions for use in a multicenter clinical trial: TOAST: Trial of Org 10172
in Acute Stroke Treatment. Stroke. 1993;24:35–41.

9. McDermott MM, Criqui MH, Liu K, Guralnik JM, Greenland P, Martin
GJ, Pearce W. Lower ankle/brachial index, as calculated by averaging the
dorsalis pedis and posterior tibial arterial pressures, and association with
leg functioning in peripheral arterial disease. J Vasc Surg. 2000;32:
1164–1171.

10. North American Symptomatic Carotid Endarterectomy Trial: methods,
patient characteristics, and progress. Stroke. 1991;22:711–720.

11. Marquardt L, Kuker W, Chandratheva A, Geraghty O, Rothwell PM.
Incidence and prognosis of � or�50% symptomatic vertebral or basilar
artery stenosis: prospective population-based study. Brain. 2009;132:
982–988.

12. Gouya H, Varenne O, Trinquart L, Touzé E, Vignaux O, Spaulding C,
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19. Touzé E, Varenne O, Calvet D, Mas JL. Coronary risk stratification in
patients with ischemic stroke or transient ischemic stroke attack. Int J
Stroke. 2007;2:177–183.

1628 Circulation April 13, 2010

 at INSERM - DISC on April 2, 2010 circ.ahajournals.orgDownloaded from 

http://circ.ahajournals.org


20. Hoshino A, Nakamura T, Enomoto S, Kawahito H, Kurata H, Nakahara
Y, Ijichi T. Prevalence of coronary artery disease in Japanese patients
with cerebral infarction: impact of metabolic syndrome and intracranial
large artery atherosclerosis. Circ J. 2008;72:404–408.

21. Gongora-Rivera F, Labreuche J, Jaramillo A, Steg PG, Hauw JJ,
Amarenco P. Autopsy prevalence of coronary atherosclerosis in patients
with fatal stroke. Stroke. 2007;38:1203–1210.

22. Schroll M, Munck O. Estimation of peripheral arteriosclerotic disease by
ankle blood pressure measurements in a population study of 60-year-old
men and women. J Chronic Dis. 1981;34:261–269.

23. Tsai AW, Folsom AR, Rosamond WD, Jones DW. Ankle-brachial index
and 7-year ischemic stroke incidence: the ARIC study. Stroke. 2001;32:
1721–1724.

24. Murabito JM, Evans JC, Larson MG, Nieto K, Levy D, Wilson PW. The
ankle-brachial index in the elderly and risk of stroke, coronary disease,
and death: the Framingham study. Arch Intern Med. 2003;163:
1939–4192.

25. Mathur KS, Kashyp SK, Kumar V. Correlation of the extent and severity
of atherosclerosis in the coronary and cerebral arteries. Circulation.
1963;27:929–934.

26. Solberg LA, McGarry PA, Moossy J, Tejada C, Loken AC, Robertson
WB, Donoso S. Distribution of cerebral atherosclerosis by geographic
location, race, and sex. Lab Invest. 1968;18:604–612.

27. Di Pasquale G, Pinelli G, Grazi P, Andreoli A, Corbelli C, Manini GL,
Urbinati S, Carini GC. Incidence of silent myocardial ischaemia in
patients with cerebral ischaemia. Eur Heart J. 1988;9(suppl N):104–107.

28. Urbinati S, Di Pasquale G, Andreoli A, Lusa AM, Ruffini M, Lanzino G,
Pinelli G. Frequency and prognostic significance of silent coronary artery
disease in patients with cerebral ischemia undergoing carotid endarterec-
tomy. Am J Cardiol. 1992;69:1166–1170.

29. Chimowitz MI, Poole RM, Starling MR, Schwaiger M, Gross MD.
Frequency and severity of asymptomatic coronary disease in patients with
different causes of stroke. Stroke. 1997;28:941–945.

30. Nowak J, Nilsson T, Sylven C, Jogestrand T. Potential of carotid ultra-
sonography in the diagnosis of coronary artery disease: a comparison with
exercise test and variance ECG. Stroke. 1998;29:439–446.

31. Kallikazaros I, Tsioufis C, Sideris S, Stefanadis C, Toutouzas P. Carotid
artery disease as a marker for the presence of severe coronary artery
disease in patients evaluated for chest pain. Stroke. 1999;30:1002–1007.

32. Joakimsen O, Bonaa KH, Mathiesen EB, Stensland-Bugge E, Arnesen E.
Prediction of mortality by ultrasound screening of a general population
for carotid stenosis: the Tromso Study. Stroke. 2000;31:1871–1876.
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CLINICAL PERSPECTIVE
Coronary artery disease (CAD) is a significant cause of morbidity and mortality in stroke patients. Using 64-section
CT coronary angiography, we assessed the prevalence of �50% asymptomatic CAD in 274 consecutive patients with
ischemic stroke or transient ischemic attack and whether asymptomatic CAD is related to traditional risk factors and
cervicocephalic atherosclerosis. The prevalence of �50% asymptomatic CAD was 18% (95% confidence interval, 14 to
23). Asymptomatic CAD was independently associated with traditional risk factors assessed individually and through the
Framingham Risk Score, the presence of at least 1 �50% cervicocephalic artery stenosis, excessive alcohol consumption,
and ankle brachial index �0.9. The prevalence of �50% asymptomatic CAD was also related to the extent of
cervicocephalic atherosclerosis. The majority of patients (75%) with �50% asymptomatic CAD and 90% of those with
3-vessel disease or left main trunk disease had either a 10-year-risk of coronary heart disease �20% according to the
Framingham Risk Score or at least 1 �50% cervicocephalic artery stenosis. This subset of stroke patients accounted for
40% of the study population. This study cannot address the value of screening for asymptomatic CAD. The decision to
screen for asymptomatic CAD stroke patients and the need for coronary revascularization should be addressed by standard
algorithms as suggested by national guidelines.
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