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Abstract
Background: Numerous studies have been published the correlation between plaque score (PS), mean carotid
artery intima-media thickness (IMT), and the prevalence or complexity of coronary artery lesions in coronary artery
disease (CAD) patients. However, very few studies have reported the association between the complexity of
coronary artery lesions and PS and the mean carotid artery IMT. We therefore aimed to examine the correlation
between carotid artery ultrasound parameters and complexity of coronary artery lesions in CAD patients.
Methods: From June 2010 to December 2011, a total of 170 patients (118 males (69.4%); mean age, 63.9 ± 12.1
years) admitted with suspected CAD, were examined. Coronary angiography and IMT and PS in the carotid arteries
ultrasound were obtained for all patients.
Results: The odds ratios related with the PS and the mean-CCA-IMT for the prediction of intermediate or high
SYNTAX score were 1.13 (95% CI: 1.04–1.23; p=0.003) and 0.63 (95% CI: 0.02–22.29; p=NS), respectively. After
adjustments for cardiovascular risk factors, genders, and age, PS only related to the presence of coronary arteries
independently (odds ratio: 1.15; 95% CI: 1.06–1.24; p<0.001). To predict the intermediate or high SYNTAX score,
the areas under the ROC curves for the PS and the mean-CCA-IMT were 0.698 (95% CI: 0.623-0.766; p<0.001) and
0.538 (95% CI: 0.460-0.614; p=0.207), respectively. The cut-off value for the PS of 3.9 presented a negative
predictive value of 92.4% and a positive predictive value of 30.8%.
Conclusion: Carotid ultrasound parameters are capable of predicting the SYNTAX score. Furthermore, PS
provided excellent negative predictive value for the complexity of coronary artery lesions.
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Coronary artery disease

Introduction
Atherosclerosis is a systemic disease, with carotid and coronary
arteries being the two most common atherosclerotic sites [1]. Carotid
B-mode ultrasound can be used as a noninvasive method of examining
the walls of peripheral arteries and for evaluating the intima-media
thickness (IMT), presence of plaques [2,3]. In addition, carotid plaques
are one of the major predictors of coronary artery multi-vessel disease
with hypertension, old age, and increased IMT [1].
Numerous studies have been published the correlation between
plaque score (PS), mean common carotid artery IMT (mean-CCAIMT) in carotid artery ultrasound findings, and the prevalence or
complexity of coronary artery lesions in coronary artery disease
(CAD) patients [4,5]. However, few studies have reported the
association between the complexity of CAD and mean-CCA-IMT and
PS [6]. The SYNTAX study also showed that the SYNTAX score
(SXscore), which indicates the complexity of the lesion, is related to the
prognosis of patients who underwent coronary revascularization [7].
Our study aimed to assess the strength of the correlation between
carotid artery ultrasound parameters and the complexity of coronary
artery lesions in CAD patients.
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Methods
Study population
From June 2010 to December 2011, a total of 170 consecutive
patients (118 males (69.4%); mean age, 63.9 ± 12.1 years) were enrolled
in the study of coronary angiography and carotid artery
ultrasonography at the catheterization laboratory at Dongguk
University Hospital (Gyeongju, Korea). The subjects are composed of
11 patients with stable angina, 73 cases of unstable angina, and 86
myocardial infarction patients. Patients who were hemodynamically
unstable, had a poor quality of carotid imaging, or declined to
participate, were excluded from the study. The baseline demographic,
clinical and angiographic data were collected by trained researchers.
Our study followed the Declaration of Helsinki and received written
consent from all patients.

Assessment of carotid ultrasound parameters
The degree of carotid artery atherosclerosis was evaluated using
mean-CCA-IMT and PS. The mean-CCA-IMT and the PS was
evaluated by carotid-US (Acuson Sequoia c512, Siemens, Inc., United
States). The ultrasonography of carotid arteries was performed as an
ultrasound scanner with a 7.5-MHz linear probe by a single
experienced sonographer. The sonographer and the interpreting
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cardiologist did not know the result of angiography. The patients were
examined in the supine position with the head tilted backwards. After
the carotid artery was placed by a transverse scan, the probe was
rotated by 90° to obtain a longitudinal image of the front and rear
walls. The images of the far wall of the bilateral CCA, internal carotid
arteries (ICA), and carotid bulbs, were in accordance to the
recommendations of the American Society of Echocardiography
Carotid Intima-Media Thickness Task Force [8]. The IMT was defined
as the distance between the leading edge of the lumen-intima echo and
the leading edge of the media-adventitia echo.
At least three measurements have been carried out for a distance of
1 cm in each of the distant walls of the CCA segments, the bilateral
measurements were averaged to obtain the mean-IMT. If plaques were
present in the segments used to measure the mean-IMT (Siemens,
Syngo® US Workplace), the plaque thickness was averaged into the
mean-IMT measurement.
Focal intima-media thickening ≥ 0.9 mm specified the presence of a
plaque. The PS was calculated by summing up the thickness of all
plaques located in both carotid arteries.

The Angiographic findings and SYNTAX score
With the diagnostic angiogram, each coronary lesion producing ≥
50% stenosis in blood vessels above 1.5 mm was scored individually;
this score was added to provide the entire SXscore, which was
calculated using the SXscore algorithm available on the SYNTAX
website [9].

Statistical analysis
The data is expressed as the average ± standard deviation or
frequency (percentage). The patient characteristics between groups
were compared with a t-test for continuous variables and a chi-square
test for categorical variables. Logistic regression analysis was used to
predict the presence of coronary artery disease, intermediate or high
SXscore. Receiver-operating characteristic (ROC) curves were
constructed to assess the best mean-IMT and PS values optimizing
sensitivity to identify the presence of coronary artery disease or
intermediate or high-SXscore patients. A p value <0.05 was considered
statistically significant. SPSS ver.12 was used for the analyses.

Results
The patient's demographic characteristics were shown in Table 1.
The median (SD) of age was 63.9 (+12.1) years; 118 (69.4%) subjects
were male, 49 (28.8%) had diabetes mellitus, 94 (55.3%) had
hypertension, and 94 (55.3%) had current smoking. The median values
of common carotid artery IMT (mean-CCA-IMT) and plaque score
(PS) were 0.66 ± 0.12 mm and 6.38 ± 5.11 mm, respectively. The
patients of low (0-22), intermediate (23-32), and high (33 or more)
SXscore numbered 133 (78.2%), 27 (15.9%), and 10 (5.9%),
respectively.

Subject

n=170

Male (%)

118 (69.4)

Age (yrs)

63.89 ± 12.06

BMI

25.51 ± 19.94

Diabetes mellitus (%)

49 (28.8)

Hypertension (%)

94 (55.3)

Current smoking(%)

94 (55.3)

Hemoglobin A1c (%)

6.39 ± 1.20

Glucose (mg/dL)

152.5 ± 75.4

Cr (mg/dL)

1.18 ± 1.25

Total cholesterol (mg/dL)

182.8 ± 46.4

LDL cholesterol (mg/dL)

116.3 ± 45.0

HDL cholesterol (mg/dL)

45.4 ± 13.1

Triglyceride (mg/dL)

134.2 ± 72.6

Mean CCA IMT (mm)

0.66 ± 0.12

Plaque Score (mm)

6.38 ± 5.11

SYNTAX score

15.2 ± 9.4

Low (0-22) (%)

133 (78.2)

Intermediate (23-32) (%)

27 (15.9)
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High (33 or more) (%)

10 (5.9)

STEMI (%)

45 (26.5)

NSTEMI (%)

41 (24.1)

U.A (%)

73 (42.9)

S.A (%)

11 (6.5)

Table 1: Patient characteristics.
A significant correlation was seen between the SXscore and the
mean-CCA-IMT (Spearman’s rank correlation coefficient; r=0.173;
p=0.024)(Figure 1), and the PS(r=0.233; p=0.002) (Figure 2). The odds
ratios associated with the PS (1 each) and the mean-CCA-IMT (0.1
mm each) for the prediction of the intermediate or high SXscore were
1.13 (95% CI: 1.04-1.23; p=0.003) and 0.63 (95% CI: 0.02-22.29;
p=0.798), respectively. After adjustments for cardiovascular risk
factors, genders, and age, PS only related to the presence of coronary
arteries independently. (odds ratio: 1.15; 95% CI: 1.06-1.24; p<0.001)
(Table 2).

Figure 2: Correlation between the SYNTAX score and plaque score
(PS).

Figure 1: Correlation between the SYNTAX score and mean
common carotid artery intima-media thickness (mean-CCA-IMT).

Variable

Unadjusted odds ratio,

To predict the intermediate or high SXscore, the areas under the
ROC curves for the PS and the mean-CCA-IMT were 0.698 (95%CI:
0.623-0.766; p<0.001) and 0.538 (95% CI: 0.460-0.614; p=0.207),
respectively (Figure 3). When cut-off value for mean-CCA-IMT was
set to 0.8 mm to predict intermediate or high SXscore, the negative
predictive value was 79.2%, and the positive predictive value was
31.3%. Similarly, the cut-off value for the PS of 3.9 presented a negative
predictive value of 92.4% and a positive predictive value of 30.8%.
P-value

(95% CI)

Adjusted odds ratio,

P-value

(95% CI)

Sex

0.60 (0.24-1.51)

0.279

-

Age

1.02 (0.97-1.07)

0.432

-

Diabetes mellitus

2.69 (1.15-6.29)

0.023

2.69 (1.21-5.98)

Hypertension

1.78 (0.75-4.21)

0.188

-

Mean-IMT

0.63 (0.02-22.29)

0.798

-

Plaque score

1.13 (1.04-1.23)

0.003

1.15 (1.06-1.24)

0.015

<0.001

Table 2: Predictors of patients with intermediate to high SYNTAX score.
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CAD detection. Sakaguchi et al. [19] studied the relationship between
coronary angiographic findings and IMT and PS, and concluded that
both were indicators for the presence of CAD.
There are few published data on the relationship between PS and
IMT (all ultrasonographic findings for carotid atherosclerosis) and the
severity of CAD in patients with cardiovascular disease, and the
correlation is somewhat weak [20]. Thus, the addition of carotid
plaque measurements may extend the information regarding the status
of coronary atherosclerosis. We therefore investigated the relationship
between carotid IMT, PS and coronary artery lesions.

Figure 3: The ROC curve to identify patients with intermediate of
high SYNTAX score.

Discussion
We have previously reported that all parameters of PS and IMT
index (ultrasonography findings representing carotid atherosclerosis)
are associated with cardiovascular risk factors. However, our study also
shows that these indices are predictive of the severity of coronary
artery lesions, which is now considered as one of the factors.
Numerous studies have investigated the relationship between
ultrasonographic findings of carotid artery and CAD. Using the Bmode score, Craven et al. [10] found a strong independent association
with CAD in patients over 50 years. Kallikazaros et al. [11] showed that
carotid artery disease (50% internal diameter stenosis) was
significantly associated with CAD in patients with chest pain.
Rotterdam's study [12] revealed that carotid ultrasound findings were a
new indicator of myocardial infarction after cardiovascular mortality
in healthy adults over 55 years of age. Ogata et al. [13] investigated the
relationship between IMT and the left main transthoracic calcification,
and Sonoda et al. [14] presented their findings for coronary blood flow
and IMT. Both studies reported a high IMT value to be a good
indicator of the extent of CAD. In addition, Kablak-Ziembicka et al.
[15] reported that IMT was significantly thicker in CAD-based groups,
and their coronary angiographic findings indicated that IMT increased
with increasing severity. Previous studies also showed that mean IMT
increased with mean CAD increase, and patients with myocardial
infarction had a significantly higher IMT than others. Thus, the high
IMT observed in carotid ultrasound clearly shows a strong predictive
value for CAD presence.
Other studies have also shown that PS is more important as a predictor
of CAD than IMT.
Morito et al. [16] found that PS more closely represented the
atherosclerotic status of the carotid artery than the IMT. They also
found that subjects with carotid plaques in their study group had a
higher risk of heart attack as compared to those with IMT. This
indicated that the presence of carotid plaques is an independent
predictor for the presence of CAD. Meta-analysis by Terzi et al. [17]
showed a significantly higher diagnostic accuracy when PS predicted
future myocardial infarction compared to IMT. However, the metaanalysis of Inabaa et al. [18] showed that although the diagnostic
accuracy of PS was high,it was not significant compared to C-IMT for
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In our current study, given the complexity of lesions, we used
SXscore as an independent risk factor for coronary artery multi-vessel
disease in patients with carotid atherosclerosis. Our results suggest that
the carotid plaque is more closely associated to coronary artery
atherosclerosis. In this study, PS was also an independent predictor of
the presence of CAD, but the mean IMT was not. Thus, PS values were
better indicators than IMT for predicting the severity as well as the
presence of CAD. Taken together, although the larger IMT is an
important indicator of the early stages of atherosclerotic lesions and is
a simple test method to assess the presence of CAD, our results show
that higher PS values are more useful than IMT to predict the severity
of CAD.
We set the cut-off values for mean-CCA-IMT (0.8 mm) and PS (3.9)
to predict the presence of CAD, and intermediate or high SXscore in
the ROC curve. Although these values appear too close to the normal
value, this cut-off showed a good negative predictive value. Hence, we
believe that the cut-off values used in our study are acceptable.
Our results suggest that the presence of a high PS value on carotid
ultrasound has the greatest effect on determining the presence and
severity of CAD, and may be a decisive factor for future coronary
angiography; with effective treatments such as statins or
antihypertensive agents, it is possible to guarantee more active risk
control.
There are some limitations to our results. This is not a populationbased study in which participants are randomly selected. Also, because
the patients enrolled in our study were suspected to have ischemic
heart disease, these subjects have a relatively higher risk than the
healthy populations. Therefore, it is not clear whether our results are
applicable to the general asymptomatic population (for example, at a
health check-up). Obviously, a further study is necessary targeting
general asymptomatic population and ideally should be confirmed
prospective study in a large-scale study.

Conclusion
The carotid-US findings have a predictor for the SXscore.
Furthermore, the PS and the mean-IMT provide excellent negative
predictive values for the complexity of coronary artery lesions. Thus,
large prospective studies will be needed to determine the link between
these carotid-US findings and the complexity of coronary artery
lesions.
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