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Abstract: Background: Vascular disease resulting from arteriosclerosis is a severe worldwide health risk. Early diagnosis 
and intervention is important to control adverse cerebral and cardiovascular events. The aim of this study was to assess the 
potential predictors of mortality in patients submitted to coronary bypass surgery. 

Methods: Cohort study included asymptomatic cerebrovascular disease patients scheduled for coronary artery bypass 
grafting admitted to the cardiology reference center. All patients were submitted to carotid artery ultrasound assessment 
prior to surgery and were followed up during the entire in-hospital postoperative period. Carotid artery stenosis was con-
sidered clinically significant when cross sectional area ≥50%. Significance was set at p <0.05. Logistic regression was 
used to identify independent predictors of mortality. 

Results: Of 455 patients with a mean age of 62.2 years 65.6% were males. The prevalence of carotid artery stenosis was 
18.7%. It was absent in 3.6% of the patients, below 50% in 77.8%, between 50 and 69% in 11.6%, and between 70 and 
99% in 6.9%. The carotid artery was occluded in 0.2% of the sample. An overall mortality of 12%, affecting 35 men 
(P=0.001) with stenosis ≥50%. After logistic regression analysis, carotid artery stenosis ≥50% was confirmed as being an 
independent predictor of mortality (P=0.005). 

Conclusion: In this series carotid artery stenosis showed a high prevalence in the sample assessed and was an independent 
predictor of mortality.  
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INTRODUCTION 

 Coronary artery bypass grafting (CABG) is one of the 
main treatment modalities in the management of patients 
with coronary artery disease (CAD) [1]. Several potential 
postoperative complications are associated with the proce-
dure, the outcomes of which have direct implications on 
secondary prevention and cardiovascular rehabilitation [2,3]. 

 The identification of clinically significant carotid artery 
stenosis (CAS) prior to surgery allows the surgical approach 
to be modified and thereby reduce mortality with acceptable 
risks and costs [4]. Till now, the available information is 
insufficient to claim that carotid endarterectomy either pre-
ceding or carried out in conjunction with CABG is efficient 
in the prevention of postoperative strokes in CAD patients 

[5-7]. On the other hand, carotid artery ultrasound has been 
referred to as an effective, safe, and widely accepted tool for 
the diagnosis of CAD [8], but has not been approved for use 
in the routine examination of patients scheduled for CABG. 

 

*Address correspondence to this author at the Instituto de Cardiologia do 
Rio Grande do Sul/ FUC. Unidade de Pesquisa Marcelo Pereira da Rosa Av. 
Princesa Isabel, 370 - Santana, Porto Alegre, RS, 90620-001, Brazil; 
Tel/Fax: 55-51-32303757; E-mail: marcelopdarosa@gmail.com 

 It is certainly an interesting and important issue with 
multiple controversies as to nonselective screening for CAD 
in patients scheduled for CABG, and the clinical significance 
as to the overall outcome. Taking into consideration the 
scarcity of papers on the topic, the aim of the present study 
was to assess the potential predictors of in-hospital death 
CAS prevalence using carotid artery ultrasound in patients 
scheduled for CABG.  

MATERIALS AND METHODS 

 This cohort study included consecutive asymptomatic 
patients with cerebrovascular disease admitted to the cardi-
ology reference center and scheduled for CABG (elective 
and non-elective) between May 2010 and April 2011. Pa-
tients underwent preoperative tests for CAS. The primary 
outcome to be assessed was death. 

 All patients included in the study signed an informed 
consent form. The study protocol was approved by the local 
Research Ethics Committee. 

PATIENTS 

 Specific criteria for the indication of surgery were: CAD 
affecting the left main trunk, stenosis >70% in the anterior 
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descending artery, combined anterior descending and cir-
cumflex artery stenosis, combined left and right coronary 
artery stenosis or diffuse CAD, incapacitating chest pain 
despite maximal medical therapy, ischemia or progressive 
cardiac infarction, and no response to optimal clinical treat-
ment [1,2]. 

 Patients with indication for concomitant surgery (CABG 
and carotid endarterectomy), atrial fibrillation and use of 
anticoagulant agents, were excluded from the study. 

STUDY PROCEDURES  

 On admission, patients were asked to answer a question-
naire designed to obtain detailed current and previous medi-
cal information: presence of personal and family risk factors, 
i.e., history of cardiovascular disease (CVD) in first-degree 
relatives (father, mother, uncles, grandparents, siblings), less 
than 50 years of age for women and 60 years for men; pres-
ence of hypertension (blood pressure ≥140/90 mmHg or use 
of anti-hypertensive agents); dyslipidemia (total cholesterol 
>200 mg/dL and/or triglyceride >150 mg/dL or use of an-
tilipidemic drugs); diabetes (controlled with diet; use of 
antidiabetic agents or insulin; fasting glucose ≥126 mg/dL); 
obesity, i.e., body mass index (BMI) ≥30 kg/m² (weight in 
kg divided by height in square m); peripheral vascular dis-
ease (PVD) (intermittent claudication or pain at rest and 
ankle brachial pressure index ≤0.9); tobacco-smoking, in-
cluding daily and occasional use of cigarettes, cigars or 
pipes, classification as never-smoker, previous smoker (quit 
smoking one month prior to hospital admission), and active 
(current) smoker; renal failure (creatinine ≥1.5 mg/ dL; 
chronic obstructive pulmonary disease (COPD) (clinical 
examination, use of bronchodilator treatment and chest X 
ray); and medications in use. 

COLOR-DOPPLER ULTRASOUND 

 Exams were carried out using GE Logiq 500 (General 
Electric Medical Systems, Milwaukee, USA) by a special-
ized physician trained in vascular radiology, blinded as to 
information on the patients’ clinical history and physical 
exam data using a Duplex scanner with a 7.5-MHz B-mode 
and a 5-MHz Doppler probe. Cross sectional area of CAS 
was considered as clinically significant when ≥50%. 

FLOW ABNORMALITIES CORRELATED WITH 
THE DEGREE OF CAS 

 The identification and quantification of stenosis were 
based on linear stenosis [9, 10]. The stenoses were graded 
according to the European Carotid Surgery Trial (ECST) 

[11]. 

FOLLOW-UP 

 Stroke diagnosis was based on clinical symptoms (as-
sessed by a neurologist or intensivist) and CT data. Stroke 
was defined as the occurrence of focal or global neurological 
deficit (dysarthria, dysphasia, hemiparesis, hemiparesthesia, 
monocular blindness) for over 24 hours caused by damage to 
brain structure. All patients underwent a systematic neuro-
logical examination before and after surgery. 

 Other clinical outcomes analyzed were: cardiogenic 
shock; intra- and postoperative myocardial infarction – diag-
nosis confirmed by presence of two of the following factors: 
new Q waves on two or more ECG leads [12], CK-MB > 4 
times the upper normal limit [13] or new segmental cardio-
myopathy with akinesis on echocardiogram [14]; prolonged 
mechanical ventilation (>48h); prolonged use of vasopres-
sors (>48h); sepsis; general infections (respiratory and uri-
nary infection, endocarditis, surgical wound infection, and 
mediastinitis); respiratory infection (diagnosis based on chest 
X ray, leukocyte count, and compatible clinical findings); 
congestive heart failure; need for percutaneous transluminal 
coronary angioplasty; reoperation; conduction disorders 
requiring a temporary pacemaker; major bleeding (blood 
flow at the chest tubes over 10 mL/kg/h in one hour, 5 
mL/kg/h in three consecutive hours, or 100 mL/h in four 
hours); pericarditis; fibrillation or atrial flutter. 

STATISTICAL ANALYSIS 

 Continuous variables were expressed as means ± stan-
dard deviation (SD) and compared using the two-tailed Stu-
dent’s t-test. Two-tailed Mann-Whitney U test was used for 
variables with a non-normal distribution. Qualitative vari-
ables were expressed in absolute values and percentages. The 
median was used for variables with a non-normal distribu-
tion. 

 The chi-square and Fisher’s exact tests were used to 
compare categorical variables in the univariate analysis (pa-
tients without CAS and CAD vs. patients with simultaneous 
CAS and CAD). 

 Odds ratio (OR) at 95% confidence intervals (CI) were 
calculated for each risk factor assessed, with the correspond-
ing p value. Correlation limits were determined taking into 
consideration a 5% error. 

 Any variable that achieved a P value ≤ 0.20 in the uni-
variate analysis was entered for analysis by multivariate 
logistic regression to determine independent predictors of 
mortality.  

 Significance was set at P <0.05. Analyses were per-
formed using SPSS® version 18.0 software (IBM, Armonk, 
New York, USA). 

RESULTS 

 Five of the 455 patients included in the study were lost: 
patients required urgent CABG, performed on weekends or 
holidays. As a result, a total of 450 patients were analyzed. 

 Mean age (±SD) in the sample was 62.2±9.4 (range: 38 
to 85 years); 65.6% (295) of the patients were male, and 
94.2% (424) were Caucasian. Baseline clinical characteris-
tics and comorbidities are listed in Table 1. 

 All surgical procedures were carried out with cardiopul-
monary bypass (CPB), and 85.3% (384) of the surgeries 
were elective. Intraoperative complications were present in 
2.7% (12) of the cases: major bleeding, ventricular arrhyth-
mia, pre-CPB cardiac arrest, post-CPB cardiac arrest, total 
atrioventricular block, and death. 
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 The main postoperative complications observed in the 
present sample were: cardiogenic shock in 1.1% (5), use of 
vasopressors for more than 48 hours in 4.9% (22), mechani-
cal ventilation for more than 48 hours in 5.1% (23), sepsis in 
1.8% (8), respiratory infection in 3.6% (16), urinary infec-
tion in 0.4% (2), and uncontrolled hypertension in 0.7% (3). 

 Personal and family history were distributed as follows: 
CVD in 82.2% (370), left main coronary stenosis in 34% 
(153), obesity in 32.7% (147), diabetes in 29.8% (134), PVD 
in 23.8% (107), COPD in 12.4% (56), and renal failure in 
6.4% (29). In spite of the differences observed in several 
variables with regard to degrees of CAS, none reached statis-
tical significance, except for the clinical finding of carotid 
bruit (P<0.001). 

 With regard to degree of CAS, 77.8% (350) of the pa-
tients presented stenosis <50%, 11.6% (52) presented steno-
sis between 50 and 69%, 6.9% (31) between 70 and 99%, 
and 0.2% (1) presented occlusion. Ultrasound was normal in 
3.6% (16) of the sample. Of the patients with stenosis ≥50%, 
66.7% (56) were male 

 Carotid bruit was detected in 34.5% (29) of the patients 
with CAS >50% and in 11.2% (41) of those: <50%. The 
presence of carotid bruit had a sensitivity of 34.5%, specific-
ity of 88.8%, positive predictive value of 41.4%, negative 
predictive value of 85.5%, positive likelihood ratio of 3.1%, 
and negative likelihood ratio of 0.73% for CAS. The OR for 
carotid bruit was 4.24 (95%CI 2.36-8.40) times higher in 
patients with CAS (P<0.0001). 

 We observed an overall mortality of 12% (54), affecting 
35 men (p=0.001) with CAS ≥50%. Median hospital stay 
after surgery was 11 days (2-80). Median operating time was 
4 hours and 15 minutes (1:45-8:15). 

 In the univariate analysis, the OR for the occurrence of 
neurological outcomes and mortality in patients with CAS 
≥50% was as follows: 1.5 for psychomotor agitation; 4.9 for 
cognitive abnormalities; 2.1 for stroke and 2.7 for death 
(Table 2).  

 The predictors of mortality identified in the univariate 
analysis: CAS ≥50%; obesity; renal failure; and left main 
coronary trunk lesion. 

Table 1. Clinical Characteristics and Comorbidities Present at Baseline in Relation to Carotid Stenosis Degree 

General Characteristics Carotid Stenosis  

 ≥50% (n=84) <50% (n=366) P 

Age (years, mean±SD) 62.5±8.2 62.2±9.6 0.79 

Male gender (%) 66.7 65.3 0.81 

Caucasian (%) 96.4 93.7 0.23 

Carotid bruit (%) 34.5 11.2 <0.001 

Risk factors     

Hypertension (%) 78.6 85.2 0.13 

Diabetes (%) 28.6 30.1 0.78 

Current smoker (%) 17.9 17.5 0.93 

Former smoker (%) 82.1 82.5 0.93 

Obesity (BMI ≥30 kg/m²) 20.2 35.5 0.007 

BMI (kg/m²±SD) 27.2±3.2 28.2±4.3 0.04 

Waist circumference (cm±SD) 91±10.5 95±12.3 0.007 

Family history of CVD (%) 86.9 81.1 0.21 

Sedentarism (%)  82.1 81.1 0.83 

Dyslipidemia (%) 28.6 25.7 0.58 

Comorbidities (%)    

Peripheral vascular disease 23.8 23.8 0.99 

Left main coronary trunk lesion 29.8 35.0 0.36 

Renal failure  6.0 6.6 0.84 

COPD 10.7 12.8 0.59 

BMI= body mass index; CVD= cardiovascular disease; SD= standard deviation.



Carotid Artery Stenosis Associated with Increased Mortality in Patients The Open Cardiovascular Medicine Journal, 2013, Volume 7    79 

 In the multivariate analysis, only CAS ≥50% remained as 
an independent predictor of mortality. Obesity showed a 
protective effect against mortality (Table 3). 

DISCUSSION 

 Clinically, CAS was confirmed as an independent predic-
tor of mortality. We could not explain the finding that obe-
sity, through some unknown mechanism has a protective 
effect against mortality. Another important aspect in our 
study was that, although the diagnosis of carotid bruit pre-
sented low sensitivity (34%), patients with this finding had a 
4.24 times greater risk for CAS, which reinforces the impor-
tance of preoperative clinical examination. Carotid bruit is 
the most accessible physical finding in clinical practice, in 
spite of an important limitation: according to data from the 
NASCET study [15], carotid bruit has shown a sensitivity of 
63% and a specificity of 61%. Those authors concluded that 
the clinical significance of carotid bruit should not be overes-
timated due to its low specificity. Moreover, because of the 
low sensitivity of the finding, it may be absent in up to one 
third of the patients with CAS [16]. 

 The number of deaths (12%) struck us as being high for 
CABG patients, although there were elective and non-
elective surgeries and use of CPB in all cases. It may be that 
this was a particularly high risk group of patients.  

 Studies describing the management of cerebrovascular 
disease have clearly shown that carotid artery surgery asso-
ciated with optimal clinical treatment significantly reduced 
the risk for stroke and death when compared with optimal 

clinical treatment only in symptomatic patients presenting 
atherosclerotic plaques in the carotid bifurcation and stenosis 
between 70 and 99% [17]. Multicentric studies used as refer-
ence in our hospital have shown an absolute reduction >15% 
in the risk for combined death and stroke in 5 years, even 
with a perioperative risk of 6% and a number requiring 
treatment of 6.3 (95%CI 5-9) [11,15]. On the other hand, 
patients without neurological symptoms such as strokes or 
transient ischemic attacks submitted to surgical treatment 
presented an absolute risk reduction of approximately 5.5% 
in five years [18,19]. CABG, when performed in patients 
with severe CAS, is associated with strokes in 2-3% of the 
patients; this incidence increased to 7% when CABG is 
combined with valve surgery [20]. Off-pump CABG has not 
shown any effect on mortality, infarction or stroke in one 
year [21], but prophylactic cerebrovascular interventions and 
clinical treatment of atheromatous aorta have been suggested 
to reduce the incidence of stroke [22]. 

 Intensive management of atheromatous aorta and cerebral 
hemodynamics via hemodilution, administration of lidocaine 
using cardioplegic solution [23] in patients eligible for 
CABG should be focused on those with clinical CAS. Sub-
mitting these patients to on-pump could result in a significant 
reduction in distal blood pressure and flow, potentially caus-
ing an ischemic event such as a vasodilation response to low 
perfusion [24].  

 Ultrasound can also help in the diagnosis and follow-up 
of patients submitted to the conservative treatment, because 
CAS is per se a risk predictor, especially of vascular death. 
The detection of significant CAS may allow changing the 
surgical strategy with acceptable risks and costs, both in 

Table 2. Neurological Outcomes and Mortality According to Carotid Stenosis Degree 

Clinical Outcome Stenosis Degree OR P 95%CI 

 ≥50% <50%    

 n % n %    

Psychomotor agitation 5 6.2 14 4 1.5 0.37 0.5-4.4 

Transient ischemic episode 2 2.5 0 - - 0.03 - 

Cognitive abnormalities 5 9.4 5 2.3 4.9 0.01 2.9-5.2 

Stroke 2 2.5 4 1.1 2.1 0.31 0.3-12 

Death 19 22.6 35 9.6 2.7 0.001 1.4-5.1 

CI= confidence interval; OR= odds ratio. 

Table 3. Independent Predictors of Mortality in Patients Scheduled for CABG 

Variable OR 95%CI P 

Carotid stenosis ≥50% 2.8 1.3-6 0.005 

Left main coronary trunk lesion  0.5 0.2-1 0.07 

Obesity 0.4 0.1-0.8 0.02 

Renal failure 2.2 0.8-6.1 0.09 

CABG = coronary artery bypass grafting; CI = confidence interval; OR = odds ratio. 
Controlled variables: age, diabetes, hypertension, sedentarism, obesity, family history of CVD, PVD, and smoker. 
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concomitant procedures [25] and in carotid revascularization 
followed by CABG, even in asymptomatic patients. 

 We believe that ultrasound for CAS is valid and should 
be performed in all patients scheduled for CABG in our 
hospital. According to the authors, whenever significant 
CAS is diagnosed, CABG should be planned in conjunction 
or after treatment for carotid disease. Other authors believe 
that ultrasound should be restricted to high-risk patients, 
namely those aged >65 years with cervical bruit, previous 
strokes or transient ischemic episodes, PVD [26], hyperten-
sion, left main coronary stenosis, a history of smoking, dia-
betes, and atherosclerotic disease of the aortic arch [27]. 

 Carotid artery ultrasound was chosen as the tool in our 
study because it is a non-invasive complementary method 
widely used in screening for carotid atherosclerotic disease, 
with sensitivity and specificity rates that are similar to those 
obtained with magnetic resonance angiography [28]. The 
latter method remains as the traditional gold standard for 
cerebrovascular assessment in symptomatic patients. How-
ever, the high cost of MRI angiography and the associated 
risk of stroke and other complications have increasingly 
motivated the use of non-invasive screening methods. 

 Cerebrovascular disease has to be closely monitored, and 
new techniques such as endovascular management [29] and 
pharmacological treatment of atherosclerosis are at an ad-
vanced stage of development. The search for reductions in 
CABG-related morbidity, mortality, and costs should include 
adequate preoperative investigation. Focusing efforts on the 
judicious use of the diagnostic methods available and the 
consequent reduction in costs and complications would most 
probably result in a more satisfactory treatment. 

 One limitation of the present study was the lack of 
neuropsychological tests as part of preoperative screening, 
since these tests can detect minimal abnormalities in mental 
status, cognitive function, and behavior. Moreover, our sam-
ple consisted of patients treated at one healthcare facility 
only, which may limit the extrapolation of results to the 
general population. 

CONCLUSION 

 Our findings showed that CAS was an independent pre-
dictor of mortality in the postoperative in-hospital period of 
patients submitted to CABG. There were elective and non-
elective scheduled patients in our sample, and it requires 
further study.  
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