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Abstract: Current guidelines established in the USA and Europe for

coronary artery bypass graft (CABG) suggest that patients�65 and�70

years of age, or with certain atherosclerotic-risk factors, should be

screened preoperatively for extracranial carotid artery stenosis (CAS) to

assess their risk of perioperative stoke. We sought factors that should be

taken into consideration when treating Chinese CABG patients using

CABG guidelines based on an analysis of CAS in a large cohort of

Chinese CABG patients.

We analyzed data for 1558 Chinese CABG patients who were

screened preoperatively for CAS using duplex ultrasonography at a

single institution. We defined significant and severe CAS as �50% and

�70% stenosis, respectively, in one or more common or internal carotid

arteries. We investigated the prevalence of CAS, the incidence of

perioperative stroke, and the risk factors for CAS in the CABG cohort.

The prevalence of CAS in the CABG cohort was 21.2%. Multivariate

stepwise logistic regression analysis showed that an age�50 years and a

history of smoking (odds ratios¼ 8.36 and 1.83, respectively) were

independent risk factors for CAS (P< 0.05 for both). The incidence of

perioperative stroke among CABG patients with significant or severe CAS

was significantly higher (2.4% and 2.9%, respectively) than in CABG

patients with <50% stenosis (0.5%; P¼ 0.004 and 0.029, respectively).

Chinese CABG patients with a history of smoking or �50 years of

age should undergo preoperative screening for CAS to assess their risk of

perioperative stroke.

(Medicine 94(28):e1119)

Abbreviations: CABG = coronary artery bypass graft, CAD =

coronary artery disease, CAS = carotid artery stenosis, CI =

confidence interval, DU = duplex ultrasonography, HDL-C = high-
Jianjun Peng, MD
INTRODUCTION

C ardiovascular disease accounts for approximately 30% of
all deaths worldwide, and cerebrovascular disease causes

roughly 10% of all deaths.1 The risk factors are smoking,
elevated levels of triglycerides and cholesterol in the blood,
high blood pressure, and diabetes, but recent research has
revealed that miRNAs play a role in the initiation and pro-
gression of cardiovascular disease2 as well as in their treat-
ment.3 Extracranial carotid artery stenosis (CAS) is a risk factor
for perioperative stroke in patients undergoing coronary artery
bypass graft (CABG) surgery.4 In previous studies of CABG
patients with 50% to 80% stenosis of the carotid arteries, the
incidence of stroke ranged from 3% to 10%, and approached
22% in patients with >80% stenosis.5,6 A recent meta-analysis
of American and European studies of CAS found that the risk of
perioperative stroke following cardiac surgery ranged from
3.8% to 7.4% in patients with �50% stenosis, increasing to
2% to 9.1% in those with �70% stenosis.7 Mortality rates of
3.6% to 15.8% have also been reported in CABG patients with
CAS.6,8,9 The economic burden of diagnosing and treating CAS
has contributed significantly to the growing overall cost of
CABG procedures, which further adds to the necessity of
optimizing CABG treatment strategies.10,11

According to guidelines established in the USA in 2011,
CABG patients older than 65 years or with certain risk factors,
such as left main CAS, hypertension, peripheral artery disease
(PAD), smoking, and diabetes, should be screened preopera-
tively for CAS using duplex ultrasonography (DU) to determine
their risk of perioperative major cardiovascular events, as
recommendations for tandem CABG and CAS treatments are
dependent upon the severity of stenosis (�50%).12,13 The 2011
European PAD guidelines extend the recommendation for
preoperative DU screening for CAS in CABG patients �70
years of age or the presence of carotid bruit, multivessel
coronary artery disease (CAD), or class I PAD (level of
evidence B), or a history of cerebrovascular disease.12,14

Although multiple studies in the USA and Europe have
shown that patients who underwent CABG because of severe
CAD had a high prevalence of CAS, the results of these studies
differed because of differences in the inclusion criteria and the
definition of clinically significant CAS. In addition, a previous
study in Canada showed that differences in atherosclerosis and
cardiovascular-risk factors exist between different ethnic
groups, including differences between various Asian ethnicities
and non-Asians.15 Large-scale clinical studies and meta-
analyses of CAS in Asian CABG patients have not yet been
performed. Therefore, whether the American or European
guidelines are optimal for Chinese CABG patients is unclear.
We aimed to find factors that should be taken into consideration
CABG patients according to the CABG
n analysis of CAS in a large cohort of
ts.
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METHODS

Patient Selection
We retrospectively analyzed data from 1558 patients who

underwent CABG in the Department of Cardiology at Beijing
Anzhen Hospital between January 1 and December 31, 2012.
Written informed consent was obtained from each patient
included in our study. Patients undergoing emergency CABG
or cardiac valve procedures were excluded from our study.

CAS Screening
All of the patients were examined using bilateral DU at our

institution within 7 days preceding the CABG procedure to
quantify the level of stenosis of the common and internal carotid
arteries. A diagnosis of significant CAS was defined as �50%
stenosis in one or more of the left or right common and internal
carotid arteries, with a systolic velocity> 140 cm/s, a diastolic
velocity< 110 cm/s, and the presence of carotid plaque. Severe
CAS was defined as �70% stenosis, with a systolic veloci-
ty> 140 cm/s, a diastolic velocity> 110 cm/s, and the presence
of carotid plaque.16 The carotid vessels were considered com-
pletely occluded (occlusion CAS) when no patent lumen or
blood flow could be detected.

Study Variables
The study variables analyzed are listed in Table 1. Hyper-

tension was defined as repeated measurements of systolic
pressure �140 mm Hg, diastolic pressure �90 mm Hg, or the
current use of prescribed medication for hypertension. Type II
diabetes mellitus (T2DM) was defined as repeated measure-
ments of a fasting plasma glucose level >126 mg/dL or the
current use of prescribed medication for T2DM. Hyperlipide-
mia was defined as a total serum cholesterol (TCho) level
�220 mg/dL, low-density lipoprotein cholesterol (LDL-C)
�140 mg/dL, high-density lipoprotein cholesterol (HDL-C)
�40 mg/dL, serum triglyceride �150 mg/dL, or the current
use of lipid-lowering medications. A family history of CAD
was defined as a diagnosis of CAD in any first-degree relative
younger than 60 years of age. The patients were followed for 24
months after CABG to evaluate the incidence of perioperative
morbidity and mortality.

Statistical Analysis
Data analysis was performed using the SPSS, version 19.0

(IBM, Armonk, NY). Continuous data are expressed as the
mean� standard deviation. Continuous variables were evalu-
ated using 2-sided unpaired t-tests, and categorical variables
were evaluated using a Chi-squared test or the Fisher exact test.
A univariate analysis was performed to identify the study
variables that were significantly associated with CAS (�50%
stenosis) in CABG patients, and independent predictors of
clinically significant CAS were identified using a multivariate
stepwise logistic regression analysis of the variables identified
in the univariate analysis, based on the odds ratio (OR) and 95%
confidence interval (CI). The level of statistical significance was
set at P< 0.05.

RESULTS

Demographic and Clinical Characteristics

Cheng et al
The demographic and clinical characteristics of the CABG
patients are shown in Table 1. Of the 1558 CABG patients
included in our study, 1202 (77.2%) were men. The CABG
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patients ranged in age from 30 to 88 years, and had a mean age
of 61.3� 9.1 years (mean�SD). Highly prevalent noteworthy
clinical characteristics included hypertension (n¼ 1037;
66.6%), a history of smoking (n¼ 823; 52.8%), elevated
LDL-C (n¼ 646; 41.5%), T2DM (n¼ 547; 35.1%), elevated
triglyceride (n¼ 540; 34.7%), a history of myocardial infarction
(n¼ 513; 32.9%), and elevated TCho (n¼ 252; 16.2%).

CAS in the CABG Cohort
The results of the preoperative DU screening are shown in

Table 1. A total of 330 (21.2%) of the CABG patients were
diagnosed with CAS. In the CABG cohort, 226 (14.5%) of the
patients had significant CAS. Seventy-one (4.6%) of the CABG
patients had severe CAS, and 33 (2.1%) were diagnosed with
occlusion CAS, which contributed to a combined prevalence of
6.7% (104/1558) for �70% stenosis. The patients with CAS
were significantly older (64.6� 6.8 years) than those without
CAS (60.7� 9.2 years, P< 0.0001), and a significantly greater
proportion of patients with CAS had a history of stroke (19.1%),
compared with the patients without CAS (10.7%, P¼ 0.0007).

The left-ventricular ejection fraction (61.8� 9.0) of the
patients with CAS was significantly higher than that of the
patients without CAS (60.2� 9.9, P¼ 0.008). We also found
that a significantly greater proportion of patients with occlusion
CAS (21.2%) had previously undergone a stenting procedure,
compared to patients with significant or severe CAS (7.1%,
2.8%, P¼ 0.012, respectively). By contrast, the mean body
mass index (BMI) of patients with CAS was significantly lower
(25.0� 2.7 kg/m2) than that of the patients without CAS
(25.5� 3.1 kg/m2, P¼ 0.012). In addition, the HDL-C levels
(0.99� 0.30 mg/dL) of patients with CAS were significantly
higher than that of the patients without CAS (0.96� 0.22 mg/
dL, P¼ 0.009). Furthermore, the proportion of patients with
CAS who had previously undergone a percutaneous coronary
intervention was significantly lower (9.7%) than that of the
patients without CAS (14.7%, P¼ 0.045) (Table 1).

Contribution of Age to CAS in CABG Patients
To understand better the relationship between age and the

onset of CAS in Chinese CABG patients, we performed a
stratified analysis of the prevalence of CAS based on age.
The proportion of CABG patients in each age group was
stratified based on the diagnosis of CAS. From 1558 CABG
patients, 20 (1.3%) were aged 30 to 39-years, 147 (9.4%) were
40 to 49-years, 447 (28.7%) were 50 to 59-years, 641 (41.1%)
were 60 to 69-years, 293 (18.8%) were 70 to 79-years, and 10
(0.64%) were 80 to 88-years old. As shown in Figure 1,
significant CAS was diagnosed more frequently in patients
>50 years of age and all of the patients diagnosed with severe
CAS were older than 50 years. The 60 to 69-year age group
contained the largest proportion of patients diagnosed with
significant CAS (49.6%, 112/226), severe CAS (53.5%, 38/
71), and occlusion CAS (51.5%, 17/33). However, in the 50 to
59 compared to the 40 to 49-year old group, the prevalence of
significant (11.4% and 3.4%) and severe (2.0% and 0%) CAS
was notably higher (P< 0.001 and 0.015). These results suggest
that the prevalence of �50% stenosis in the Chinese CABG
patients increased markedly after 50 years of age (Figure 1).

Incidence of Perioperative Stroke in CABG

Medicine � Volume 94, Number 28, July 2015
Patients
As CAS is a known risk factor for perioperative stroke in

CABG patients, we investigated the incidence of perioperative
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morbidity and mortality in our CABG cohort. As shown in
Table 2, the incidence of perioperative stroke in the patients
with �50% and �70% stenosis were approximately 5-fold
(2.4%) and 6-fold (2.9%) higher, respectively, than in patients
with <50% stenosis (0.49%), indicating that a greater degree of
stenosis was related to a higher incidence of perioperative
stroke.

Risk Factors for CAS in CABG Patients
We used logistic regression to evaluate the risk of CAS

associated with gender, age, BMI, hypertension, T2DM, insulin
use, creatinine, triglyceride and elevated triglyceride levels,
TCho and elevated TCho, HDL-C, LDL-C and elevated LDL-C,
high-sensitivity C-reactive protein, history of stroke, chronic
kidney disease, chronic obstructive pulmonary disease, history
of smoking, family history of CAD, atrial fibrillation, previous
percutaneous coronary infusion, previous stent, in-stent rest-
enosis, left-main coronary artery lesion, left-main coronary
artery stenosis �60%, history of myocardial infarction, and
left-ventricular ejection fraction in our CABG cohort. Among
the variables that exhibited significant differences between the
CAS and non-CAS groups, an age �50 years was associated
with an approximate 8-fold increase in the risk of CAS
(OR¼ 8.358; 95% CI: 2.576–27.12; P< 0.001), and a history
of smoking was associated with an approximate 2-fold increase
in the risk of CAS (OR¼ 1.829; 95% CI: 1.174–2.850;
P¼ 0.008). These results showed that an age �50 years and
a history of smoking are independent risk factors for CAS
(�50% stenosis) in Chinese CABG patients.

DISCUSSION
The prevalence of CAS (�50% stenosis) in CABG patients

in Western countries has ranged from 12.8% to 22%17–19 and
the prevalence of �70% stenosis from 7% to 11%.20 The
prevalence of CAS with �50% and �70% stenosis in our
Chinese CABG cohort was 21.2% and 6.7%, respectively,
findings consistent with the results of previous studies in
Western countries. Rates of 1% to 1.5% have been reported

FIGURE 1. Carotid artery stenosis (CAS) severity distribution in th
for carotid occlusion in CABG patients in Western
countries.21,22 We observed a similar prevalence of carotid
occlusion (2.1%) in our Chinese CABG cohort. A recent

4 | www.md-journal.com
meta-analysis of American and European studies of the relation-
ship between CAS and stroke following cardiac surgery found
that the risk of perioperative stroke ranged from 2.0% to 7.4%,
depending on the pattern and severity of carotid stenosis and the
revascularization methods used.7 Therefore, the incidence of
perioperative stroke in our Chinese CABG patients with �50%
and�70% stenosis (2.4% and 2.9%, respectively) are consistent
with the findings of previous studies of CAS in CABG patients
in the USA and Europe.

Relatively few studies of CAS in Asian CABG patients
have been performed. Tanimoto et al (2005)23 reported that the
prevalence of �50% stenosis was 25.4% in Japanese CAD
patients and Yoon et al (2001)24 reported that the prevalence of
CAS in a Korean CABG cohort was 23.9%. In a previous study
in China, Chen et al reported that the prevalence of �50%
stenosis of the internal and common carotid arteries was 11%
and 2%, respectively, in CAD patients. The prevalence of
�50% stenosis observed in our Chinese cohort (21.2%) was
higher than that reported by Chen et al (1998).25 However, Chen
et al (1998) examined CAS in a cohort of CAD patients,
whereas our cohort was composed entirely of patients who
underwent CABG. It is possible that patients with mild CAD
were less likely to be included in our CABG cohort. Therefore,
the prevalence of�50% stenosis in our Chinese cohort (21.2%)
is consistent with that reported in American, European, and
Asian studies of CAS in CABG patients.

In a study performed in the USA in 1990, Faggioli et al
(1990)26 concluded that the prevalence of CAS significantly
increased after 60 years of age. In contrast, Fukuda et al27

recommended that all Japanese CABG patients should undergo
preoperative CAS screening, regardless of age. Current Amer-
ican and European CABG guidelines recommend CAS screen-
ing for patients �65 and �70 years of age, respectively.13,14 In
our Chinese CABG cohort, the prevalence of significant CAS
(�50% stenosis) and severe CAS (�70% stenosis) in patients
50 to 59-years old were notably higher than in patients aged 40
to 49 years (11.4% versus 2.0% and 3.4% versus 0%, respect-
ively). These results suggest that the prevalence of significant
and severe CAS in our Chinese cohort increased markedly after

dicated age groups.
50 years of age. Given that 28.7% and 41.1% of the CABG
cohort was comprised of patients aged 50 to 59 and 60 to 69
years, respectively, it seems unlikely that the number of CAS

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



markedly increases after 50 years of age. Therefore, we propose

TABLE 2. Incidence of Perioperative Morbidity and Mortality in Coronary Artery Bypass Graft (CABG) Patients

Perioperative
Event

CABG Cases
(n¼ 1558)

No CAS
�

(n¼ 1228)
Total CAS

�

(n¼ 330) Py

Severeþ
Occlusion CAS

�

(n¼ 104) Pz
Occlusion

CAS
�

(n¼ 33) P§

Arrhythmia 28 (1.8%) 24 (2%) 4 (1.2%) 0.4867 3 (2.9%) 0.4656 1 (3%) 0.4915
Stroke 14 (0.9%) 6 (0.49%) 8 (2.4%) 0.0037 3 (2.9%) 0.0291 1 (3%) 0.1736
Organ failure (heart, kidney) 19 (1.2%) 13 (1.1%) 6 (1.8%) 0.265 2 (1.9%) 0.3331 1 (3%) 0.3164
Postoperative recurrence 37 (2.4%) 30 (2.4%) 7 (2.1%) 0.841 2 (1.9%) 1 1 (3%) 0.5668
Mortality 28 (1.8%) 20 (1.6%) 8 (2.4%) 0.3525 4 (3.8%) 0.1175 2 (6.1%) 0.1188
Poor outcomejj 119 (7.6%) 91 (7.4%) 28 (8.5%) 0.5618 9 (8.7%) 0.699 4 (12.1%) 0.3229

�
Patients with �50% stenosis of one or more of the left or right common and internal carotid arteries were diagnosed with carotid artery stenosis

(CAS), whereas patients with <50% stenosis were not diagnosed with CAS. The level of stenosis was classified as significant CAS (�50% stenosis),
severe CAS (�70% stenosis), or occlusion CAS.
yNo CAS versus total CAS.
zNo CAS versus severeþ occlusion CAS.

s po

Medicine � Volume 94, Number 28, July 2015 Perioperative Stroke in Coronary Bypass Patients
patients in the 50 to 59-year age group was biased by the age
distribution of the CABG cohort. Our multivariate analysis
showed that an age �50 years was associated with an approxi-
mate 8-fold increase in the risk of CAS. Therefore, we propose
that Chinese CABG patients aged 50 years or older should
undergo preoperative screening for CAS.

Because the watershed age for CAS screening may vary
between different CABG populations, it may be equally import-
ant to consider the presence of other risk factors for CAS.
Previous studies in Europe and the USA have shown that
hypertension,28 male sex,29,30 smoking,28,30 T2DM,30 and a
history of stroke are associated with CAS. With the exception
of our occlusion CAS patients, no notable difference in the
proportion of men was observed between the CAS and non-
CAS groups, but a history of stroke was found to be associated
with CAS in the Chinese CABG cohort. However, multivariate
analysis showed that of these potential risk factors only a history
of smoking was a significant risk factor for CAS in our Chinese
CABG patients. Differences between the present findings and
those of previous studies of CAS in CABG patients in European
countries, the USA, and Japan might be due to differences in life
style, patient characteristics, surgical methods, or biases in
analyzing risk factors.31 A nationwide survey in China in 2002
showed that only 30% of people with hypertension were aware of
their condition, and that only 6% of them managed their hyper-
tension effectively.32 In the USA and Europe, patients diagnosed
with hypertension are most often treated with lipid-lowering
medication for long periods before their cardiovascular disease
progresses to an extent requiring CABG. In China, such medi-
cation is prescribed less often, and cardiovascular surgeons may
elect to perform CABG in some cases with no prerequisite
medical treatment. These factors may contribute to a higher rate
of CABG in younger patients in China, compared with the ages of
CABG patients in Europe and North America.

Limitations of the present study were the retrospective
analysis and that the data were obtained from a single center. In
addition, other risk factors for CAS eg, lower limb artery disease
were not included.

In conclusion, the prevalence of CAS (�50% stenosis) in

§ No CAS versus occlusion CAS.
jjUnstable angina pectoris or acute myocardial infarction at >2 year
our Chinese CABG cohort was similar to that reported for
studies of CAS in CABG patients in the USA, Europe, and other
Asian countries. A history of stroke was associated with CAS in

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
our Chinese CABG cohort, and a history of smoking was found
to be an independent risk factor for CAS. However, in contrast
to the current recommendation of the American and European
CABG guidelines to perform preoperative CAS screening in
patients’ �65 and �70 years of age, respectively, our findings
indicate that the prevalence of CAS in Chinese CABG patients

st-CABG.
that Chinese CABG patients with a history of smoking or �50
years of age should be screened preoperatively for CAS.
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