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ABSTRACT

The frequency and risk of preclinical coronary artery disease detected
using multichannel cardiac computed tomography in patients with

ischemic stroke

Joonsang Yoo

Department of Medicine

The Graduate School, Yonsei University

(Directed by Professor Ji Hoe Heo)

Background Atherosclerosis is a systemic disease. Many ischemic stroke
patients may have concomitant coronary artery disease (CAD). Detection and
treatment of preclinical CAD in stroke patients may improve long-term
outcome and survival because CAD is a major cause of death during follow-up

in stroke patients. However, association between coronary and cerebral artery



atherosclerosis in stroke patients has not fully been investigated. This study
aimed at examining the frequency and high-risk groups of CAD in ischemic

stroke patients.

Methods Consecutive patients who were admitted due to acute ischemic
stroke between July 2006 and June 2010 were prospectively enrolled in this
study. A total of 1,304 patients who underwent multislice computed
tomography (MSCT) coronary angiography and cerebral angiography were
included in this study. By using 64-MSCT coronary angiography, we
investigated the frequency of CAD and association between coronary and
cerebral artery atherosclerosis in terms of location and burden (severity and
extent) in stroke patients. We also sought to identify high risk groups for CAD

among stroke patients.

Results The frequency of significant (>50%) CAD was 32.3% and the
frequency of any degree of CAD was 70.1%. Diabetes mellitus, serum levels
of total cholesterol, high-density lipoprotein cholesterol and triglyceride, and
significant stenosis of the extracranial carotid, intracranial vertebral and basilar
arteries were independently associated with CAD. However, no association
was found between CAD and significant stenosis of the anterior, middle and
posterior cerebral arteries. The association between CAD and cerebral
atherosclerosis was stronger with increased severity and extent of cerebral

atherosclerosis. When compared to patients with <2 risk factors and without
2



significant cerebral atherosclerosis, those with multiple (>2) risk factors and
atherosclerosis in both the carotid and the vertebrobasilar arteries had very

high risks of CAD [odds ratio (OR) 8.36; 95% confidence interval (CI) 4.15 —
16.87]. The risk was also high in patients with multiple risk factors and
atherosclerosis in either the carotid or the vertebrobasilar artery (OR 4.13; 95%
CI2.62 —6.51), and in those with <2 risk factors but atherosclerosis in both

the carotid and the vertebrobasilar arteries (OR 3.40; 95% CI 1.22 — 9.47).

Conclusions A substantial portion of stroke patients had preclinical CAD, and
there was a clear relationship between coronary and cerebral artery
atherosclerosis in terms of location and burden. The risk of CAD was
particularly high in stroke patients with multiple risk factors and

atherosclerosis of the carotid and/or vertebrobasilar arteries.

Key words: Angiography, Atherosclerosis, Computed tomography

angiography, Coronary artery disease, Ischemic stroke



The frequency and risk of preclinical coronary artery disease detected
using multichannel cardiac computed tomography in patients with

ischemic stroke

Joonsang Yoo

Department of Medicine

The Graduate School, Yonsei University

(Directed by Professor Ji Hoe Heo)

I. INTRODUCTION

Patients with symptomatic atherosclerotic disease in one vascular bed may have
symptoms in other vascular beds during follow-up.' In fact, coronary artery disease
(CAD) is the major cause of death in ischemic stroke patients.”* Detection and
treatment of preclinical CAD in stroke patients may improve long-term outcome and
survival. However, most stroke patients remain unevaluated for the presence of CAD
during their initial evaluation. Moreover, there are limited diagnostic tools that can be

effectively used for stroke patients. Diagnosis of CAD is based on the thallium-201
4



scan,” ultrasonography,” exercise test,” autopsy study® and conventional coronary
angiography.’ However, these studies have limitations for routine application in stroke
patients. For example, conventional angiography is invasive and the exercise test and
thallium-210 scan are inadequate to evaluate the individual coronary artery and have
relatively low sensitivity and specificity.'® In addition, the exercise test cannot be
performed in stroke patients with weakness.

Atherosclerosis is a systemic disease,'' and many patients may have concomitant
atherosclerosis in the coronary and cerebral arteries. Although an association between
coronary atherosclerosis and extracranial carotid atherosclerosis has been

suggested,'* "

the exact association between coronary and individual cerebral artery
atherosclerosis is yet uncertain. Multislice computed tomography (MSCT) coronary
angiography has recently been introduced to evaluate the coronary artery. MSCT
coronary angiography is an attractive diagnostic tool for detecting coronary
atherosclerosis because it is noninvasive and has a sensitivity of 85-97% and a
specificity of 90-98% in the detection of obstructive CAD when compared with
conventional coronary angiography.">'® Due to these advantages, MSCT coronary
angiography was recently introduced to evaluate the presence of CAD in ischemic
stroke patients.” !

We investigated the frequency of CAD using MSCT coronary angiography and
examined the relationship between atherosclerosis of the coronary and the cerebral
artery in terms of location and burden in stroke patients without a history of CAD.

Furthermore, we sought to determine the group of patients who are at high risk for

CAD.



Il. METHODS

1. Patients and Inclusion/Exclusion Criteria
Consecutive patients with acute ischemic stroke or transient ischemic attack (TIA)

who were admitted to the neurology department within 7 days after onset of

symptoms between July 2006 and June 2010 were prospectively enrolled for this
study. Among them, those who underwent both MSCT coronary angiography and
cerebral angiography were included for the analysis. This study was approved by the
institutional review board of Severance Hospital, Yonsei University Health System,
and informed consent was obtained from all patients.

Patients were indicated for MSCT coronary angiography when they had at least one
of the following: (1) presence of atherosclerosis in the intracranial or extracranial
cerebral artery, (2) presence of >2 risk factors for CAD such as hypertension, diabetes
mellitus, dyslipidemia, cigarette smoking, and central obesity, and (3) old age (men
>45 years, women >55 years). Exclusion criteria were: (1) known CAD
(angiographically confirmed CAD, unstable angina, coronary artery stent or
angioplasty, or coronary artery bypass graft), (2) high pulse rates (>64/min) that were
not controlled with a beta blocker at the time of MSCT coronary angiography, (3)
poor general condition, (4) impaired renal function, and (5) failure to obtain informed
consent.

In addition to clinical evaluation including histories for cardiovascular diseases and
vascular risk factors, all patients underwent brain CT and/or magnetic resonance
imaging (MRI), cerebral angiographic study, 12-lead electrocardiography (ECG), 3-

lead ECG monitoring during admissions to the stroke unit, standard blood tests, and a
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chest X-ray. Stroke subtypes were classified according to the Trial of Org 10172 in
Acute Stroke Treatment classification.”” Hypertension was defined as systolic blood
pressure >140 mm Hg, diastolic blood pressure >90 mmHg on resting status, at least
twice, or a history of taking antihypertensive medication. Diabetes mellitus was
defined as fasting plasma glucose >7.0 mmol/l or a history of taking oral
hypoglycemic agents or insulin. Dyslipidemia was defined as serum total cholesterol
level >6.2 mmol/l, low-density lipoprotein cholesterol >4.1 mmol/l or a history of
taking lipid-lowering drugs after diagnosis of dyslipidemia. Lipid profiles and fasting
glucose were measured at fasting status after admission, which was typically the
morning following admission. Patients were considered to be smokers if they had
smoked a cigarette within the 3 months prior to admission. Central obesity was

defined as abdominal circumference >102 ¢m in men and >88 c¢m in women.”

2. MSCT Coronary Angiography

Patients underwent two-phase MSCT coronary angiography within 2 weeks after
admission, using 64-multislice CT (Sensation 64; Siemens Medical Solutions,
Forchheim, Germany). A betablocker (40 mg propranolol hydrochloride; Daewoong,
Seoul, Korea) was administered 1-2 h before examination for patients with a resting
pulse rate >64/min. Intravenous nonionic contrast agent (370 iodine mg/ml, Iopamiro;
Bracco Diagnostics, Milano, Italy) was administered intravenously at a rate of 5 ml/s
using a power injector (Envision CT; Medrad, Indianola, Pa., USA). For CT scanning,
retrospective ECG gating was used, with 330 ms gantry rotation time, 120 kV tube

voltage and 800 mA tube currents. Image reconstruction was performed with 0.8 mm
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slice thickness, 0.5 mm increment, 512 % 512 pixel image matrix, a medium-smooth
kernel, and 18-20 cm field of view. The images were reformatted into various formats
including volume rendering, curved multiplanar images, and routine cardiac axis
views in a workstation (Wizard; Siemens Medical Solutions), which were interpreted
by independent cardiac radiologists. Atherosclerotic stenosis <50% was classified as
mild stenosis, and obstruction or stenosis >50% was classified as significant stenosis.
The presence of stenosis was determined at three main coronary branches, which are

the left anterior descending, left circumflex and right coronary arteries.

3. Cerebral Angiography

Cerebral angiography was performed within 1 week after admission by digital
subtraction angiography, MR angiography or CT angiography. Any abnormalities in
the extracranial and intracranial cerebral arteries were determined based on a
neuroradiologist’s report and the consensus of >2 stroke specialists. The presence of
atherosclerosis was determined at arteries or segments, including the carotid artery
(extracranial carotid artery, intracranial internal carotid artery), the vertebrobasilar
artery (extracranial portion of the vertebral artery, intracranial portion of the vertebral
artery, basilar artery), the anterior cerebral artery, the middle cerebral artery and the
posterior cerebral artery. The stenotic degree was measured in each artery/segment
based on the North American Symptomatic Carotid Endarterectomy Trial method* or
the Warfarin-Aspirin Symptomatic Intracranial Disease Study Trial method.”
Atherosclerotic stenosis <50% was classified as mild stenosis and significant stenosis

was defined as occlusion or stenosis >50%.



4. Data Analysis and Statistical Analysis

Patients with cardioembolism were excluded in analysis for the frequency of
cerebral artery atherosclerosis and relationships with CAD because nonatherosclerotic
steno-occlusive lesions of the cerebral artery by embolism from the heart are
occasionally indistinguishable from those of atherosclerosis.”® The SAS statistics
package (version 9.2; SAS Institute Inc., Cary, N.C., USA) was used for statistical
analysis. The independent sample t test and the Pearson chi-square test were used for
comparison of risk factors, severity, extent and location of cerebral artery
atherosclerosis between the CAD and non-CAD groups. After univariate analysis, all
the variables with p values <0.20 were entered into the for multiple logistic regression
model to determine factors associated with CAD using the enter method. The
relationships were assessed by odds ratios (ORs) with 95% confidential intervals
(CIs). The association between number of cerebral arteries with significant
atherosclerosis and CAD burden was analyzed by using analysis of variance. Chi-
square test for trend was used to compare atherosclerosis in each cerebral artery

according to CAD burden. A p values <0.05 were considered statistically significant.

I1l. RESULTS
1. Overall Baseline Characteristics of Patients
A total of 2,260 patients with acute ischemic stroke were admitted during the

study period. Among them, 519 patients did not meet the inclusion criteria or met at

least one of the exclusion criteria. Of the 1,741 eligible patients, MSCT coronary
9



angiography was undertaken in 1,316 patients (fig. 1). After excluding 12 patients
with coronary angiography that was not interpretable, 1,304 patients were included in
this study. When compared to the participant group, 425 patients who were eligible
but not included for analysis were older, more likely to be women, and less likely to
be smokers. The other major risk factors did not differ. Cerebral angiographic study
was performed using digital subtraction angiography in 405 patients (31.1%), MR
angiography in 867 patients (66.5%), and CT angiography in 32 patients (2.5%). Of
the 1,304 patients, 963 patients (73.8%) were admitted to the stroke unit. The mean
age was 63.81 + 11.11 years, and 827 patients were men (63.4%). Among 1,304
patients, 1,194 patients (91.6%) were admitted due to cerebral infarction and 110
patients (8.4%) due to TIA. The stroke subtypes in patients with cerebral infarctions
were large artery atherosclerosis in 289 patients (22.2%), cardioembolism in 248
patients (19.0%), small-vessel occlusion in 148 patients (11.3%), stroke of other
determined etiology in 15 patients (1.2%), and stroke of undetermined etiology in 494

patients (37.9%: >2 causes identified in 163 and negative evaluation in 331).

10



2,260 patients admitted

No matched inclusion criteria (n=58)
Poor general condition {(n=165)
Known CAD (n=203)

Impaired renal function (n=93)

¥

h 4

1,741 patients were eligible

Refusal to participate to this study (n=162)
Failure due to fast heart rate or poor
cooperation (n=251)

Technical problems (n=12)

L

h

1,316 patients were taken heart CT

Mot interpretable angiography (n=12)

L

k.

1,304 patients were analyzed

Fig. 1. Flow chart of patient enrollment.
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2. Frequency of Coronary Artery Atherosclerosis

Any degree of coronary atherosclerosis was detected in 918 (70.4%) out of 1,304
patients. Among them, 431 patients (33.1%) had significant stenosis (=50%) of at
least one coronary artery (one-vessel disease in 225 patients, two-vessel disease in
137 patients, and three-vessel disease in 69 patients). On univariate analysis, patients
with significant CAD were older than those without CAD, and were more likely to be
men and smokers (table 1). Risk factors of hypertension and diabetes mellitus were
more common in patients with CAD. Blood levels of triglyceride and fasting blood
sugar were higher and those of high-density lipoprotein cholesterol were lower in
patients with CAD than in those without CAD (table 1). After diagnosis of significant
stenosis of the coronary artery on MSCT coronary angiography, 130 patients (10.0%)
were further examined by conventional coronary angiography, 74 patients (5.7%)
received coronary angioplasty and stent insertion, and 8 patients (0.6%) received a

coronary artery bypass graft.
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Table 1. Characteristics of patients with and without significant (=50%) coronary artery disease (univariate analysis)

Characteristics Patients (‘Z:g;);)t CAD Patierz;s:\;\f/;t{l) CAD OR, 95% CI P-value

Age, year (mean + SD) 62.25+11.59 66.96 +9.31 1.042, 1.030 — 1.055 <0.001
Male 516 (59.1) 311 (72.2) 1.793, 1.396 — 2.302 <0.001
Risk factors

Hypertension 627 (71.8) 365 (84.7) 2.170, 1.606 — 2.931 <0.001

Diabetes 250 (28.6) 200 (46.4) 2.158, 1.698 —2.741 <0.001

Smoking 348 (39.9) 213 (49.4) 1.474,1.168 — 1.860 0.001

Dyslipidemia 119 (13.6) 74 (17.2) 1.313, 0.957 — 1.802 0.091

Central obesity 154 (18.4) 63 (15.6) 0.819,0.595 -1.129 0.223
Laboratory findings, mmol/L

Total cholesterol 4.64£1.04 4.76 = 1.09 1.113,0.998 — 1.242 0.053

Triglyceride 3.17+2.23 3.79+£2.71 1.113, 1.056 — 1.172 <0.001

High-density lipoprotein 1.16 £ 0.61 1.08 £0.26 0.435,0.283 - 0.669 0.001

13



Table 1. Characteristics of patients with and without significant (>50%) coronary artery disease (univariate analysis) (continued)

Characteristics Patients (:lvitg%l)t CAD Patierz‘;s:\;v;t}l) CAD OR, 95% CI P-value
Low-density lipoprotein 2.91+0.89 2.95+0.96 1.043,0.919 - 1.183 0.516
hs-CRP, mg/L 6.12+19.53 7.47 £23.12 1.003, 0.997 — 1.008 0.317
Fasting glucose 6.18 +1.99 6.66 +2.40 1.104, 1.047 — 1.164 0.001
Significant cerebral 360 (53.0) 252 (66.8) 1.786, 1.375-2.322 <0.001
atherosclerosis™*

Numbers in parenthesis are percentages.
*Patients with cardioembolic stroke were excluded.

CAD = coronary artery disease; hs-CRP = high sensitivity C-reactive protein.

14



3. Frequency of Cerebral Artery Atherosclerosis

After excluding 248 patients with cardioembolic stroke, any degree of cerebral
artery atherosclerosis was found in 855 (81.0%) of 1,056 patients, and there were 612
patients (58.0%) who had significant cerebral artery atherosclerosis. The frequency of
significant stenosis of the cerebral artery was higher in the patients with significant

CAD than in those without (66.8% vs. 53.0%, p <0.001) (table 1).

4. Relationship between Atherosclerosis in the Cerebral and in the Coronary Arteries
The presence of significant atherosclerosis in the cerebral artery was associated
with significant atherosclerosis in the coronary artery (p < 0.001). We divided CAD

patients into five groups according to the presence, severity, and number of the
arteries with significant atherosclerosis: no CAD, mild CAD (<50%), and significant
CAD (one-vessel disease, two-vessel disease, and three-vessel disease), and compared
the number of cerebral arteries with significant atherosclerosis in each of the groups.
The number of cerebral arteries with atherosclerosis increased as the CAD burden
increased (p < 0.001) (fig. 2).

We investigated the relationship between CAD and cerebral atherosclerosis in
terms of location, severity (no stenosis, at least one mild stenosis and no significant
stenosis, and at least one significant stenosis) and extent (no stenosis, one significant
stenosis, and >2 significant stenoses). The association between CAD and cerebral
atherosclerosis was stronger with increased severity and extent of cerebral
atherosclerosis (table 2). Among cerebral arteries, significant stenosis of the carotid

artery (extracranial and intracranial carotid arteries) and of the vertebrobasilar artery

15



(extracranial and intracranial vertebral arteries and basilar artery) were associated
with significant CAD (table 2). These associations were also significant as the CAD
burden increased (table 3). In contrast, significant stenosis of the anterior, middle or

posterior cerebral artery was not associated with significant CAD (table 2).
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Fig 2. Number of arteries with significant atherosclerosis according to the burden of
coronary artery disease. Number of cerebral arteries with significant (=50%) stenosis

increases as the burden of coronary artery disease increases. VD = vessel disease.
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Table 2. Relationships between cerebral artery atherosclerosis and significant coronary artery disease (univariate analysis) by location,

severity and extent

Cerebral artery atherosclerosis

Coronary artery atherosclerosis (>50%)

(>50%) Patients without CAD Patients with CAD OR, 95% C1 P-value
(n=679) (n=377)

Extracranial carotid artery 54 (8.0) 71 (18.8) 2.685, 1.838 —3.925 <0.001
Intracranial carotid artery 28 (4.1) 33(8.8) 2.230,1.326 —3.753 0.002
Middle cerebral artery 149 (21.9) 83 (22.0) 1.004, 0.741 — 1.361 0.978
Anterior cerebral artery 34 (5.0) 22 (5.8) 1.176, 0.677 — 2.041 0.565
Posterior cerebral artery 77 (11.3) 37 (9.8) 0.851, 0.562 — 1.287 0.444
Extracranial vertebral artery 108 (15.9) 80 (21.2) 1.424,1.033 — 1.964 0.031
Intracranial vertebral artery 43 (6.3) 55 (14.6) 2.526, 1.658 —3.848 <0.001
Basilar artery 24 (3.5) 28 (7.4) 2.190, 1.250 — 3.835 0.005
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Table 2. Relationships between cerebral artery atherosclerosis and significant coronary artery disease (univariate analysis) by location,
severity and extent (continued)

Coronary artery atherosclerosis (>50%)

Cerebral artery atherosclerosis
(>50%) Patients without CAD Patients with CAD OR, 95% CI P-value
(n=679) (n=377)
Severity (stenosis) <0.001
No 158 (23.3) 43 (11.4) 1
At least one mild and no 161 (23.7) 82 (21.8) 1.871,1.218 —2.875
significant
At least one significant 360 (53.0) 252 (66.8) 2.572,1.770 — 3.737
Extent (number of arteries with <0.001

significant stenosis)

No significant 319 (47.0) 125 (33.2) 1
1 significant 203 (29.9) 117 (31.0) 1.471, 1.081 — 2.000
2 or more significant 157 (23.1) 135 (35.8) 2.194,1.610 —2.990

Numbers in parenthesis are percentages.

Mild stenosis means stenosis <50% and significant stenosis means stenosis >50%.

18



Table 3. Significant cerebral atherosclerosis according to the burden of coronary artery disease

Cerebral artery

Burden of coronary artery disease

atherosclerosis 1-vessel 2-vessel 3-vessel P-value*
(>50%) No Mild disease disease disease
(n=295) (n=384) (n=197) (n=118) (n=62)
Extracranial carotid artery 13 (4.4) 41 (10.7) 32 (16.2) 21(17.8) 18 (29.0) <0.001
Intracranial carotid artery 11 (3.7) 17 (4.4) 18 (9.1) 11 (9.3) 4 (6.5) 0.034
Middle cerebral artery 67 (22.7) 82 (21.4) 44 (22.3) 21(17.8) 18 (29.0) 0.525
Anterior cerebral artery 16 (5.4) 18 (4.7) 15 (7.6) 434 34.8) 0.512
Posterior cerebral artery 35(11.9) 42 (10.9) 20 (10.2) 9(7.6) 8 (12.9) 0.743
Extracranial vertebral artery 47 (15.9) 61 (15.9) 31(15.7) 30 (25.4) 19 (30.6) 0.008
Intracranial vertebral artery 14 (4.7) 29 (7.6) 27 (13.7) 18 (15.3) 10 (16.1) <0.001
Basilar artery 7(2.4) 17 (4.4) 10 (5.1) 13 (11.0) 5(8.1) 0.005
Total 147 (49.8) 213 (55.5) 124 (62.9) 81 (68.6) 47 (75.8) <0.001

* P-value from Chi-square test for trend
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5. Factors Associated with CAD

Multivariate analysis showed that old age, male sex, diabetes mellitus, high
cholesterol levels, high triglyceride levels and low high-density lipoprotein levels
were associated with significant CAD (table 4). After adjustment for age, sex,
conventional vascular risk factors, and laboratory findings, significant atherosclerosis
of the extracranial carotid (OR 1.856, 95% CI 1.214-2.836), intracranial vertebral
(OR 2.182, 95% CI 1.364-3.489) and basilar arteries (OR 2.200, 95% CI 1.170-
4.138 ) was associated with significant CAD. Significant atherosclerosis of the
intracranial carotid artery showed a weak association with CAD. The association
between CAD and cerebral atherosclerosis was stronger with increased severity and

extent of cerebral atherosclerosis.
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Table 4. Factors associated with significant (>50%) coronary artery disease (multivariate analysis)

Model 1 Model 2 Model 3
Characteristics Odds 95% CI P-value Odds 95% CI P-value  Odds 95% CI P-value
ratio ratio ratio
Age 1.057 1.041-1.074 <0.001 1.057 1.040-1.073 <0.001 1.058 1.042-1.074  <0.001
Male 1.995 1.356-2.934 <0.001 1992 1.365-2.907 <0.001 2.005 1.373-2.928  0.001
Risk factors
Hypertension 1.426 0.991-2.053  0.056 1.513 1.054-2.172  0.025 1.506 0.970-2.005  0.073
Diabetes 1.642 1.169-2.306  0.004 1.700 1.217-2375 0.002 1.672 1.144-2252  0.006
Smoking 1.403 0.981-2.007 0.064 1.392 0.978-1.981  0.067 1.371 0.976 —1.992  0.068
Dyslipidemia 0.867 0.548-1.372 0.542 0.888 0.564-1.397 0.607 0.882 0.561-1.388  0.588
Laboratory findings
Total cholesterol 1.241 1.047-1.471  0.013 1.254 1.060-1.484  0.008 1.250 1.057-1.477  0.009
Triglyceride 1.084 1.019-1.154  0.011 1.080 1.017-1.147 0.013 1.076 1.013-1.144  0.018
HDL cholesterol 0.482 0.270-0.861  0.014 0464 0.263-0.818 0.008 0.459 0.260-0.810  0.007
Fasting glucose 1.033 0.960—-1.110  0.389 1.019 0.948-1.096 0.606 1.025 0.954-1.102  0.498
Artery with significant
stenosis (>50%)
Extracranial carotid  1.856 1.214-2.836  0.004
Intracranial carotid 1.737 0.969-3.112  0.064
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Table 4. Factors associated with significant (>50%) coronary artery disease (multivariate analysis) (continued)

Model 1

Model 2

Model 3

Characteristics Odds
ratio

95% CI

P-value Odds
ratio

95% CI P-value Odds
ratio

95% CI

P-value

Extracranial 1.220
vertebral

Intracranial 2.182
vertebral

Basilar 2.200

Severity of cerebral
atherosclerosis

No stenosis
Mild stenosis
Significant stenosis

Extent of cerebral
atherosclerosis

No significant
1 significant

2 or more significant

0.853 - 1.746

1.364 —3.489

1.170 —4.138

0.276

0.001

0.014

1.631
2.087

1.018-2.613  0.042
1.380-3.157  0.001

1.363
1.782

0.975 -1.907
1.267 —2.505

0.070
0.001

* Variables with P<0.2 in univariate analysis were entered into these logistic models

HDL=high-density lipoprotein
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6. Risk of CAD according to the Presence of Vascular Risk Factors and Cerebral
Atherosclerosis

We investigated the risk levels of CAD according to the presence of vascular risk
factors, and the presence and location of cerebral atherosclerosis. When compared to
stroke patients with <2 risk factors and without significant cerebral atherosclerosis,
those with atherosclerosis in the carotid and/or vertebrobasilar arteries and those with
>2 risk factors had significantly higher risks of CAD (table 5). The risk of CAD was
about twice as high in stroke patients with >2 risk factors than in those with <2 risk
factors. In patients with >2 risk factors and atherosclerosis in both the carotid and the
vertebrobasilar arteries, the risk of CAD was highest (OR 8.36, 95% CI 4.15-16.87).
Almost all patients in this group (96.1%) showed any degree of CAD and about two

thirds (68.6%) had significant stenosis of at least one coronary artery (table 5).
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Table 5. Risk of coronary artery disease according to risk factors and significant (>50%) cerebral atherosclerosis

Number of Number of CAD patients

Risk Cerebral atherosclerosis Patients — OR, 95% CI* P-value
factors Any Significant
(n=1056) (n=761) (n=377)
Less No 164 98 (59.8) 34 (20.7) 1
than 2
Other than carotid and vertebrobasilar A. 77 45 (58.4) 15 (19.5) 0.93,0.47-1.82 0.822
Either carotid or vertebrobasilar A. 104 70 (67.3) 29 (27.9) 1.48,0.84 —2.62 0.180
Both carotid and vertebrobasilar A. 17 12 (70.6) 8(47.1) 3.40,1.22-9.47 0.019
Twoor No 280 198 (70.7) 91 (32.5) 1.84,1.17-2.90 0.008
more
Other than carotid and vertebrobasilar A. 128 92 (71.9) 43 (33.6) 1.93,1.14-3.27 0.014
Either carotid or vertebrobasilar A. 235 197 (83.8) 122 (51.9) 4.13,2.62-6.51 <0.001
Both carotid and vertebrobasilar A. 51 49 (96.1) 35 (68.6) 8.36,4.15-16.87 <0.001

Numbers in parentheses are percentages.
A = artery; CAD = coronary artery disease; CI = confidence interval; OR = odds ratio.

*(dds ratios were calculated with data for significant CAD.
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IV. DISCUSSION

This study showed that many ischemic stroke patients without a history of CAD
have coronary artery atherosclerosis in that any degree of coronary artery
atherosclerosis was detected in about 70% of patients and significant atherosclerosis
was found in about one third of patients. The presence and burden (extent and severity)
of cerebral artery atherosclerosis were clearly associated with those of coronary artery
atherosclerosis. These results suggest that atherosclerosis is a systemic disease.

The frequency of significant CAD was estimated as 22.9-41.2% in studies using
thallium myocardial scintigraphy.™” " In a recent coronary angiography-based
study, coronary plaques were found in 61%, and coronary stenosis >50% was present
in 25.7% in patients with cerebral infarction.”” A few studies have examined the
frequency of CAD in stroke patients using coronary CT angiography. In 71 patients
who were examined by 16-multislice coronary CT angiography, 25.4% had
significant CAD." The frequency was 37.5% in 104 patients who had a modified
Rankin score <4 and were aged <80 years when they were examined by 8-multislice
coronary CT angiography.’® Recently, in 274 cases of nondisabling,
noncardioembolic stroke or TIA in patients aged 45-75 years, CAD was detected in
18% using 64-multislice CT.** In an autopsy study, the frequency of significant CAD,
which was assessed in 188 ischemic stroke patients, was 29.3% and that of coronary
plaques was 68.2%. The strengths of our study include the large sample size (1,304
patients), which is the largest to our knowledge of any similar studies, and
homogeneity of the patient group, which was achieved by enrolling patients in a

consecutive and prospective manner. Our findings clearly demonstrate that a
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substantial portion of stroke patients who have not been previously diagnosed with
CAD actually have CAD.

It is noteworthy that a location-specific relationship between cerebral and coronary
artery atherosclerosis in our study. Extracranial carotid and cervicocephalic artery
atherosclerosis has been known to be associated with CAD.'>'*?° However, in
previous studies, atherosclerosis of the individual cerebral artery was not correlated
with the CAD. Moreover, some studies were based on carotid duplex study for
cerebral artery evaluation or were conducted in selected patients with coronary artery
bypass graft surgery or heart surgery.'>** Our study, which was based on
angiographic studies and assessed the relationships between the coronary artery and
individual cerebral arteries, demonstrated that atherosclerosis of not only the
extracranial carotid artery, but also of the intracranial vertebral and basilar arteries
have strong associations with coronary artery atherosclerosis. Our study also clearly
showed that atherosclerosis of the anterior, middle and posterior cerebral arteries was
not associated with atherosclerosis of the coronary artery. It is uncertain why there is
such a distinct pattern of association between coronary artery atherosclerosis and the
cerebral artery. An explanation according to dichotomization of ‘intracranial’ and
‘extracranial’ cerebral arteries, which was attempted in many previous epidemiologic
studies, was not applicable to our findings. The cerebral arteries that were associated
with the coronary artery were larger and in closer proximity to the coronary artery
than those that were not associated. However, this simple observation was not enough
to explain the reason. Further studies are required to reveal this issue.

Although it is likely that many stroke patients have CAD, coronary artery
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evaluation has not been included in routine evaluation of stroke patients. At the
guideline level, no specific recommendations for coronary evaluation in stroke
patients are available, due to a lack of large studies regarding CAD in stroke patients.
However, the American College of Cardiology/American Heart Association
recommends exercise testing for asymptomatic persons without known CAD who had
multiple risk factors, or for men >45 years and women >55 years who are at risk for
CAD due to other diseases.’' At the statement level, the American Heart
Association/American Stroke Association recommends consideration for coronary
heart disease (CHD) testing in patients with carotid or large artery atherosclerosis, and
in those with high risk CHD risk factor scores based on Framingham algorithms (10-
year CHD risk >20%)."!

Based on previous guidelines and statements for ischemic stroke patients, we
enrolled patients with multiple (>2) risk factors, men >45 years and women >55 years
of age, and those with cerebral artery atherosclerosis. We stratified risks of CAD
according to the location of cerebral atherosclerosis and the presence of multiple risk
factors because atherosclerosis of the carotid and vertebrobasilar arteries was
significantly associated with the presence of CAD. It appeared that the risk of CAD
was high in stroke patients with atherosclerosis (>50%) of both the carotid and the
vertebrobasilar artery, and those with multiple (>2) risk factors and atherosclerosis
(=50%) of either the carotid or the vertebrobasilar artery. The risk was particularly
high in patients who had >2 risk factors and atherosclerosis of both the carotid and the
vertebrobasilar artery, as almost all of those patients showed mild or significant CAD.

Stroke/cerebral atherosclerosis and ischemic heart disease/coronary atherosclerosis
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share common risk factors. Although all of the patients enrolled in this study were
stroke patients, and the frequency of cerebral atherosclerosis was higher than the
frequency of CAD, risk factors such as diabetes mellitus, older age, high triglyceride
levels, and low high-density lipoprotein cholesterol levels were independently
associated with the presence of significant CAD. These findings suggest a dominant
role of these vascular risk factors in developing CAD. Likewise, the risk of CAD was
significantly higher instroke patients with multiple risk factors even though they did
not have cerebral atherosclerosis in our study. Thus, coronary evaluation may be also
considered in stroke patients with multiple risk factors without significant cerebral
atherosclerosis.

Our study suggested that the frequency of preclinical CAD is substantial in stroke
patients. When planning coronary evaluation in stroke patients, its yield may be
improved by considering the presence of multiple vascular risk factors and the

presence of atherosclerosis in the carotid, vertebral and basilar arteries.
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