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Abstract
Objective: Although the overall complication rate has

been decreased significantly in recent years, stroke is a
severe complication after coronary bypass operations. The
purpose of this study is to evaluate the influence of carotid
artery disease on the results of patients under CABG
operation.

Methods: In a retrospective cohort study, 1,978 patients
under CABG operation were studied in Shariati Hospital
between April 2002 and March 2006. The patients who had
only valve replacement or non-CABG procedure were excluded
from this study. As part of preoperative evaluation, carotid
duplex ultrasonography scans were performed. In order to
estimate the degree of carotid arteries stenosis, ultrasound
imaging measurement and velocity criteria were considered.
The patients were classified into three groups: those with no
significant stenosis of the internal carotid artery (ICA)
(moderate) group A, those with significant stenosis (sever)
group B and those with the occluded ICA (critical) group C.
Finally, all data were analyzed by SPSS software. Statistical
analyses were performed using the following testes; chi-
square, Fisher exact and Student’s t tests.

Results: The distribution of the 1,978 patients undergoing
CABG operation were as follows: group A = 1,938, group B =
30, and group C = 10. The results of the evaluations show
that perioperative stroke rates were 1.2% (24 patients) in
group A, 0.4% (eight patients) in group B and 0.3% (six
patients) in group C (P<0.0001). Furthermore, perioperative
mortality rates for groups A, B and C were 0.1% (two
patients), 0.3% (five patients) and 0.4% (seven patients),
respectively (P<0.0001).

Conclusion: The stroke and mortality in patients undergoing
CABG are increased when ICA occlusion is present.

Descriptors: Carotid Artery, Internal. Dissection. Stroke.
Graft Occlusion, Vascular.

The impact of carotid artery disease on outcomes
of patients undergoing coronary artery bypass
grafting
O impacto da doença da artéria carótida nos resultados de pacientes submetidos à revascularização
miocárdica

Resumo
Objetivo: Embora a taxa de complicação geral tenha

diminuído significativamente em anos recentes, o acidente
vascular cerebral é uma complicação grave após operações
de revascularização do miocárdio. O objetivo deste estudo é
avaliar a influência da doença da artéria carótida nos
resultados de pacientes submetidos à operação de
revascularização do miocárdio (CABG).

Método: Em um estudo de coorte retrospectivo, 1.978
pacientes submetidos à revascularização do miocárdio foram
estudados no Shariati Hospital, entre abril de 2002 e março
de 2006. Os pacientes que tiveram apenas substituição da
valva ou um procedimento sem revascularização do miocárdio
foram excluídos do estudo. Como parte da avaliação pré-
operatória, foram realizados exames com ultrassonografia
Doppler dupla (dúplex) de artéria carótida. Na estimativa do
grau de estenose das artérias carótidas, foram considerados
critérios de mensuração de imagem de ultrassom e de
velocidade. Os pacientes foram classificados em três grupos:
aqueles sem estenose significativa (moderada) da artéria
carótida interna, grupo A; aqueles com estenose significativa
(grave), grupo B; e aqueles com oclusão (crítica) da artéria
carótida interna, grupo C. Finalmente, todos os dados foram
analisados usando-se o programa SPSS. Análises estatísticas
foram realizadas usando-se os testes do qui-quadrado, exato
de Fisher e t de Student.

Resultados: Dos 1.978 pacientes submetidos à
revascularização do miocárdio, 1.938 eram do grupo A, 30 do
grupo B e 10 do grupo C. Os resultados das avaliações
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INTRODUCTION

Carotid artery stenosis (CAS) is present in 10%-20%
of patients undergoing coronary artery bypass grafting
(CABG) and accounts for 30% of stroke associated with
CABG [1], whereas the stroke event rate for asymptomatic
patients with significant carotid artery stenosis ranges
from 2%-5% [2-6]. Its etiology is multifactorial, including
cerebral embolization from iatrogenic mobilization of
atherosclerotic plaques, air/fat embolism, peripheral
vascular disease (PVD), hemodynamic fluctuations,
cerebral hyperthermia, aortic dissection, particular micro-
emboli, emboli because of aortic arch disease, aortic
“crunch” occurring with cross-clamping or cannulation,
air and fat emboli [7-10] and systemic inflammatory
reaction [11]. In spite of that, concomitant carotid artery
disease may be very important in the etiology of
perioperative stroke in patients undergoing CABG.

Previous studies greatly differ in their reports on
perioperative stroke frequency for patients with internal
carotid artery (ICA) occlusion or stenosis. Some of these
reports have shown no increased risk of ipsilateral stroke
in patients undergoing CABG [10,12,13]. On the other hand,
some other reports have reported increased frequency (15%)
of the perioperative transient ischemia (TIA) or
cerebrovascular accident [3]. Due to these conflicting
reports, it seems difficult to manage the patients with severe
concomitant carotid stenosis/occlusion and coronary artery
disease, and there are controversies regarding the methods
of surgical treatment.

Carotid endarterectomy (CEA) in the presence of
uncorrected coronary disease has been associated with
very high operative mortality (20%) mainly due to
myocardial infarction [14,15]. Similarly, coronary
revascularization in the presence of severe carotid disease
is associated with increased risk (14%) of perioperative
stroke [5]. Originally, Bernhard et al. [14] proposed combined
coronary revascularization and carotid endarterectomy in
patients who had severe coronary and carotid artery
disease, in order to reduce the morbidity and mortality in
these patients. There have been a number of studies, which
have addressed the question of synchronous management
of patients having severe coronary artery disease and
significant stenosis of ICA.

Some of these studies suggest that there was no
significant increase in morbidity and mortality in patients
undergoing simultaneous CEA and CABG [16,17].
Nevertheless, other studies have reported higher incidence
of perioperative strokes when CEA and CABG procedures
were combined than when they were operated in stages
[18]. Current ACC/AHA guidelines recommend prophylactic
carotid endarterectomy (CE) to reduce the risk of
perioperative stroke in patients with CAS, who are
scheduled for CABG.

This recommendation is based mainly on the results of
several randomized studies of patients with general carotid
artery stenosis, which compared CE with medical treatment
for stroke prevention [1].

The purpose of this retrospective study was to evaluate
the perioperative stroke rate and mortality among patients
who underwent coronary bypass surgery and had internal
carotid artery stenosis or occlusion.

METHODS

After the Institutional Review Board approval, the
retrospective review was undertaken from April 2002 to
March 2006, in which 1,978 patients undergoing CABG were
investigated at our institution. Those patients who had
only valve replacement or non-CABG procedure were
excluded from this study. Carotid duplex ultrasonography
scans were performed at an ICAVL accredited laboratory
as part of preoperative evaluation of these patients. In order
to estimate the degree of stenosis of the carotid arteries,
ultrasound imaging measurement and velocity criteria were
considered. A technologist estimated the degree of stenosis
as percent of diameter reduction after collecting images in
transverse and longitudinal sections and confirming image
findings with peak systolic velocity and/or end diastolic
velocity measurements. This method has been validated
by comparison with independent magnetic resonance
angiography (MRA) [19].

The results of the ultrasonography were available to all
medical personnel and the written reports became part of a
medical record. Depending on the results of preoperative
carotid duplex ultrasonography study, these patients were
divided into three groups: those with no significant stenosis
of the ICA (moderate) group A; those with significant

mostraram que as taxas de acidente vascular cerebral
perioperatórias foram de 1,2% (24 pacientes) no grupo A,
0,4% (oito pacientes) no grupo B e 0,3% (seis pacientes) no
grupo C (P < 0,0001). Além do mais, as taxas de mortalidade
perioperatórias para os grupos A, B e C foram 0,1% (dois
pacientes), 0,3% (cinco pacientes) e 0,4% (sete pacientes),
respectivamente (P < 0,0001).

Conclusão: O acidente vascular cerebral e a mortalidade
em pacientes submetidos à revascularização do miocárdio
aumentam quando há oclusão da artéria carótida interna.

Descritores: Artéria Carótida Interna. Dissecação.
Acidente Vascular Cerebral. Oclusão de Enxerto Vascular



260

stenosis (severe) group B; and those with an occluded
ICA (critical) group C.

Distribution of hypertension, diabetes, and smoking in
each group is shown in Table 1. Perioperative stroke was
defined as a persistent focal or multifocal neurologic deficit
that was explained by ischemia of brain or brain stem, from
the time of surgery until 30 days postoperatively and
confirmed by computed tomography (CT) scan. All data
were analyzed by SPSS software. Statistical analysis was
conducted using either the chi-square test or Fisher exact
test, when it was appropriate for categorical variables or
the Student t tests for continuous variables. All P values
were two-tailed. A P < 0.05 was considered statistically
significant.

RESULTS

Of the 1,978 patients undergoing CABG, 1,938 (98%)
patients had moderate ICA stenosis (group A), 30 (1.5%)

had severe ICA stenosis (group B), and 10 (0.5%) had an
occluded ICA (critical) group C. In the severe group, there
were two patients who had contralateral ICA stenosis. In
groups A and C, no patient had bilateral significant ICA
stenosis. Distribution of hypertension, diabetes, and
smoking in each group is shown in Table 1. The mortality
rate among total patients was 0.7%. Table 1 shows the
mortality and stroke rate in each group. The mortality rate
among group C was 0.3% (P<0.0001). The pump time and
cross-clamp time among various groups is shown in Table 2.

The mean pump time was higher in those patients who
had a stroke as compared with those who did not have a
stroke in the group A in Table 3 (P<0.05). Similarly, the cross-
clamp time during coronary bypass was higher among
patients who had a stroke as compared with those who did
not have a stroke in group B (P<0.05). In Table 4, the pump
perfusion pressure during the surgery in patients who had
a stroke in the group A was less than the patients who did
not have a stroke in a similar group (P<0.05).

Table 2. Mean Pump, Cross-Clamp Time, Perfusion Pressure and Flow in Different Groups.
Groups

No significant ICA stenosis (group A) n=1938
Significant ICA stenosis  (group B) n=30
Occluded ICA (group C) n=10

Pump Time
(minutes)

*118
*123
*135

Cross-Clamp Time
(minutes)

*66
*71
*78

Perfusion Pressure
(mmHg)

*80
*77
*73

Flow
(mL/min)

3392
3325
3196

*P value<0.0001      ICA= internal carotid artery. (Test of Homogeneity of Variances)
Pump and cross-clamp time, perfusion pressure and flow with occluded internal carotid artery, with significant carotid artery stenosis and
those with no significant carotid artery stenosis. There was difference among these groups

Table 1. Patient Characteristics and Clinical Results in Different Groups.
Groups
Non significant ICA stenosis (moderate, group A)  n=1938
Significant ICA stenosis  (severe, group B) n=30
Occluded ICA (critical, group C) n=10

Stroke %
24 (1.2%)*
8 (0.4%)*
6 (0.3%)*

Mortality %
2 (0.1%)*
5 (0.3%)*
7 (0.4%)*

Hypertension %
847 (42.8%)

13 (0.7%)
5 (0.3%)

Diabetes %
383 (19.4%)

8 (0.4%)
2 (0.1%)

Smoker %
41 (2.1%)
2 (0.1%)

0
*P value<0.0001 ICA= internal carotid artery (Chi-Square Test)

Table 3. Mean Pump, Cross-Clamp Time, Patients with/without Stroke in Different Groups.

Groups

No significant ICA stenosis (moderate, group A: n=1938)
Significant ICA stenosis (severe, group B: n=30)
Occluded ICA (critical group C: n=10)

Pump Time
Stroke

(minutes)
*144.2±9
148.7±5
150±8

Pump Time
No Stroke
(minutes)
118.6±6
113.7±5
113.2±4

Cross-Clamp
Time Stroke

(minutes)
84.4±5
*80.8±6
84.8±3

Cross-Clamp
Time No Stroke

(minutes)
66±5

67.9±3
69±6

*P value<0.05 ICA= internal carotid artery. (Independent Samples test)
Pump time and cross-clamp time of those patients with and without perioperative stroke in different groups. There was statistical difference
between Pump time in stroke and those who did not in the group A, and cross-clamp time in stroke and those who did not in the group B.
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DISCUSSION

Bernhard et al. [14], in 1972, reported the first series of
patients having simultaneous CEA and CABG. In this study,
they had suggested that the combined procedure decreases
the mortality and morbidity. Hertzer et al. [20] in their
prospective randomized trial divided CABG patients with
carotid artery disease into three groups. One group of
patients had preliminary CEA prior to CABG; in the second
group, patients had simultaneous CABG/CEA; and in the
third group, patients had delayed CEA after CABG.

In this study, the perioperative stroke in the first group
was 4.2%, in the second group was 4.7% and in the last
group was 7.4%. This study has suggested that delayed
CEA was associated with higher perioperative strokes
compared with patients who had preliminary CEA prior to
CABG or simultaneous CEA and CABG. Other studies have
shown an increase in perioperative stroke rate among
patients who had either CEA or CABG as a staged procedure
as compared with those who had CABG/CEA as a combined
procedure.

Barnes [21] reviewed all patients with asymptomatic
carotid artery disease and coronary artery revascularization
submitted to stage procedures, in which a carotid
endarterectomy was carried out as a first operation versus
a synchronous operation. There were 1,483 patients in their
study; the overall perioperative stroke was 2.9%. The
perioperative stroke rate was 3.1% in stage carotid first and
2.8% in synchronous operations. A strategy of combined
carotid endarterectomy and cardiac surgery had been
adopted in the past. Staged carotid artery stenting prior to
cardiac surgery is a less invasive alternative and seems to
be associated with a lower incidence of stroke and
myocardial infarction as compared to the combined surgical
approach [22]. 

In our study, we found no difference in morbidity and
mortality in patients having combined procedure
(CABG+CEA) or CEA alone. All these patients had
significant ICA stenosis (severe group B). However, these
patients were not randomized. Prophylactic carotid
endarterectomy can exclusively prevent 40% of strokes and
only 7% of post-CABG strokes can be attributed to

surgically correctable carotid disease [17]. Prophylactic
carotid endarterectomy is still a matter of debate for
asymptomatic patients, but it is a known fact that
symptomatic and asymptomatic significant occlusive
carotid disease is a major risk factor for perioperative stroke
in patients who have undergone open-heart surgery. There
is limited information available regarding the morbidity and
mortality of patients with an occluded ICA having coronary
bypass surgery.

In the recent report of Bucerius et al. [23] the overall
incidence of stroke was 4.6% and varied between surgical
procedures (CABG 3.8%, beating heart surgery CABG
1.9%). In a multicenter trial conducted by John et al. [24]
incidence of stroke after open heart surgery was reported
as 1.4%. Pompilio et al. [25] reported 4.8% stroke rate
following CABG.

Similarly, Mickleborough et al. [26] in their prospective
study showed the incidence of perioperative stroke among
CABG patients who had unilateral ICA occlusion was 16.6%
(2 of 12); whereas among patients with bilateral ICA
occlusion, the perioperative stroke rate was 100% (1 of 1).
In their study, they had shown that major neurological
morbidity occurred in 14% of patients with unilateral
occlusion of carotid artery, 20% of patients with significant
carotid artery stenosis contralateral to an internal carotid
artery occlusion, and 33% of patients with bilateral internal
carotid occlusion. In a recent study, Tunio et al. [10] included
61 CABG patients having an occluded carotid artery; the
incidence of perioperative stroke in these patients was 6.5%
and the mortality rate was 8.6%.

In our study of 1978 CABG patients, there were 1938 in
the group A, 30 in group B and 10 in the group C. The
results of the evaluations show that perioperative stroke
rates were 1.2% (24 patients) in the group A, 0.4% (eight
patients) in group B and 0.3% (six patients) in group C
(P<0.0001). Furthermore, perioperative mortality rates for
groups A, B, and C were 0.1% (two patients), 0.3% (five
patients) and 0.4% (seven patients), respectively
(P<0.0001). This suggests that patients with ICA occlusion
are indeed more prone to perioperative stroke and mortality.
Recently, Schoof et al. [27] reported that typical strokes in
ICA patients undergoing on-pump CABG were caused by

Table 4. Mean Perfusion Pressure and Flow in Patients with/without Stroke in Different Groups.

Groups

No significant ICA stenosis (moderate, group A: n=1938)
Significant ICA stenosis (severe, group B: n=30)
Occluded ICA (critical group C: n=10

Perfusion
Pressure  Stroke

(mmHg)
*63
63

*64

Perfusion Pressure
No  Stroke
(mmHg)

80
82
87

Flow Stroke
(mL/min)

3110
3074
3087

Flow No Stroke
(mL/min)

3396
3417
3360

*P value<0.05
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CONCLUSION
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as compared with those who had moderate carotid stenosis
(<50%) and with those who had severe carotid stenosis.
The knowledge of the risk factors offers an opportunity to
implement preoperative and intraoperative measures as well
as to reduce the occurrence of stroke, and it should
influence the patient selection. We also suggest that more
studies be conducted on synchronous CABG and CAE or
a suitable method of surgery be found for these patients to
reduce the mortality rate.
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