
Abstract 

Introduction: A combined carotid endarterectomy (CEA) and cardiac procedure has higher early 
risk of stroke than isolated CEA because of the widespread atherosclerosis in patients selected for si-
multaneous procedures. In this retrospective study, we review the results of combined coronary artery 
bypass grafting (CABG) and carotid endarterectomy (CEA) procedures. 
Materials and methods: Between January 2000 and December 2007, 91 patients with a mean age of 
69.2+6.6 (24/67 female/male) underwent combined operations (CEA-CABG) on cardiopulmonary 
bypass (CPB) as elective surgery. The study population was divided, as follows: Group A: 83 patients 
(91.2%) had both venous and arterial revascularization; Group B: 8 patients (8.8%) had total arterial 
revascularization. CEA was performed in case of stenosis more than 80% and always before cardiac 
operation. These techniques were used: standard procedure (54.8%), eversion (39.2%), patch enlarge-
ment (6%). Immediately after the vascular procedure, CABGs were performed through median ster-
notomy. The mean EUROscore was 6.9+2.5%. 
Results:  All neurological complications were in the group who underwent both venous and arterial 
revascularization (Group A), where a proximal anastomosis was made. All complications and deaths 
were in group A. Six patients had stroke (6.6%) and 2 had acute myocardial infarction (AMI) (2.2%). 
There were 8 in-hospital deaths (8.8%) and 1 late death (for stroke after five months). 
Conclusions: In our center, the incidence of stroke in simultaneous cardiovascular procedures was 5.5 
times greater than in isolated cardiac or vascular procedures, which was probably related to the wide-
spread vessels disease. An aortic cross clamp and surgical procedure on the ascending aorta are relevant 
risk factors for developing neurological events; much attention should be paid to aortic manipulation. 
In the sub-group who underwent total arterial revascularization with associated CEA procedures, we 
had no neurological events. A partial cross clamp and proximal anastomosis are relevant risk factors 
for developing neurological events. Therefore, in combined operations (CEA associated with CABG), 
it is probably more favourable performing a total arterial revascularization, avoiding partial ascending 
aortic clamping. 
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Introduction
The mortality rate and the risk of neu-

rological complications after simultaneous 
carotid endarterectomy (CEA)/ coronary 
artery bypass grafting (CABG) are higher 

than the isolated procedures, mainly be-
cause of the widespread atherosclerosis [1]. 
There is a well-known relation of the risk of 
an embolism and the atherosclerosis of the 
ascending aorta in patients who died after 
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Abstract

Objective: To evaluate the changes in the number of Langerhans Cells (LC) observed in the epithelium of 
smokeless tobacco (SLT-induced) lesions. 
Methods: Microscopic sections from biopsies carried out in the buccal mucosa of twenty patients, who were 
chronic users of smokeless tobacco (SLT), were utilized. For the control group, twenty non-SLT users of SLT 
with normal mucosa were selected. The sections were studied with routine coloring and were immunostained 
for S-100, CD1a, Ki-67 and p63. These data were statistically analyzed by the Student’s t-test to investigate the 
differences in the expression of immune markers in normal mucosa and in SLT-induced leukoplakia lesions. 
Results: There was a significant difference in the immunolabeling of all markers between normal mucosa 
and SLT-induced lesions (p<0.001). The leukoplakia lesions in chronic SLT users demonstrated a significant 
increase in the number of Langerhans cells and in the absence of epithelial dysplasia. 
Conclusion: The increase in the number of these cells represents the initial stage of leukoplakia. 
Key words: Smokeless tobacco, leukoplakic lesions, cancer, langerhans cells, chewing tobacco.

Introduction

Among tobacco users, there is a false be-
lief that SLT is safe because it is not burned, 
which leads many people to quit cigarettes 
and start using SLT [1]. However, SLT con-
tains higher concentrations of nicotine than 
cigarettes and, in addition, nearly 30 carci-
nogenic substances, such as tobacco-specific 
N-nitrosamines (TSNA), which is formed 
during the aging process of the tobacco, [2-4] 
and which presents high carcinogenic poten-
tial. Moreover, because the tobacco has direct 

contact with the oral mucosa and creates a 
more alkaline environment, its products may 
even be more aggressive to tissue [5]. The 
percentage of SLT users is lower compared 
to cigarette users; however, usage is increasing 
among young individuals and it is therefore a 
significant and disturbing danger [6,7]. 

Initial studies on the effects of SLT on the 
oral mucosa demonstrated the formation of 
white lesions induced by chronic exposure to 
tobacco, characterized by epithelial thicken-
ing, increased vascularization, collagen altera-
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CABG: the brain is the most common target of em-
bolization [2,3]. There is agreement in literature that 
more than 10% of patients who had undergone CABG 
had simultaneous carotid stenosis ≥ 80% (sec. ECST), 
while about 50% of the patients who underwent CEA 
had coronary artery disease [4-9]. However, the ques-
tion about the optimal timing of a surgical approach for 
patients with concomitant carotid and cardiac disease 
is ongoing. In order to evaluate the risk of neurological 
complications due to the aortic manipulation, we com-
pare the outcome of patients with and without partial 
aortic clamping for proximal anastomosis. We present 
our experience of combined surgery. 

Material and methods
Between January 2000 and December 2007, we 

have performed approximately 2000 isolated CEA 
and more than 2000 CABG (isolated or associated). 
Ninety-one patients (24 females, mean age 69.2 + 6.6) 
underwent combined operations (CEA associated 
with CABG) on extracorporeal circulation (ECC): no 
cases of emergency surgery have been considered. All 
patients scheduled for CABG were preoperatively as-
sessed by a carotid echo-color Doppler, regardless of 
neurological symptoms or previous stroke. CEA was 
planned in case of carotid stenosis ≥ 80% (sec. ECST). 
Proximal vein anastomosis was made with a partial as-
cending aortic clamp. 

All the patients were operated on under general an-
esthesia and CEA was always performed before CABG. 
The mean number of grafts was 3.3+0.8. CEA was per-
formed in case of stenosis more than 80% (the degree 
of stenosis was determined by measurements obtained 
by the European Carotid Surgery Trial method). The 
cerebral status was monitored by checking the stump 
pressure, and in case of stump pressure ≤50 mmHG, 
a Pruitt-Inahara shunt was positioned (in 30.5% of 
cases). The shunt was used to ensure an adequate cer-
ebral perfusion during CEA. In the authors’ experience 
[10,11], the shunt use reduced the incidence of stroke 
rate during CEA, and the insertion rate is not influ-
enced by the contralateral carotid occlusion. Moreover, 
in this series only the 5.4% presented a contralateral 
ICA occlusion. The median carotid clamping time was 
38.0+13.8 minutes.  These surgical techniques for CEA 
were: direct suture (54.8%), eversion (39.2%), patch 

enlargement  (6%). 
In order to evaluate the role of the aortic manipu-

lation for proximal anastomosis, we have divided the 
study population, as follows: Group A: 83 patients 
(91.2%) had both venous and arterial revasculariza-
tion; Group B: 8 patients (8.8%) had total arterial re-
vascularization.

In total, the mean population additive EuroScore 
was 6.9 + 2.5; the mean EF was 50.8 + 10 and the mean 
age was 69.2 + 6.6. Preoperative characteristics are 
summarized in table 1.

TP (91 pt.) Group B 
(8 pt.)

Group A 
(83 pt.)

Mean Age in 
years 

69.2 ± 6.6 65.4 ± 7.28 69.57± 6.47

EF % 50.8 ±10 48.1 ±10.67 51 ± 10.6

Additive 
EuroScore 

6.9 ± 2.5 6.9 ± 3.2 7 ± 2.42

 EF: ejection fraction; TP: total patients.

Table 1: Preoperative characteristic of patients.

Results
Postoperative characteristics are summarized in ta-

bles 2-3. 
In total, the population X-Clamp time was 96.2 + 

35.6 min; the total bleeding was 657 + 363.2 ml and 
intensive care stay was 3 + 3.2 days.

TP (91 pt.) Group B Group A
ECC min. 96.2 + 35.6 66.9 + 47.8 99 + 35.2

Cross clamp 
time (min.). 

63.42 + 26 47.8 + 28.47 64.9 + 25.4

Intubation 
time (h) 

34.8 + 55.6 22.8 + 15.4 36.05 + 58.07

Bleeding (ml) 657 + 363.2 641 + 
367.98 658.6 + 365

Hospital stay 
(days) 

10.6 + 7.14 7.8 + 1.48 10.78 + 7.36

Intensive 
Care Unit stay 
(days) 

3 + 3.2 1.8 + 0.46 3.14 + 3.41

h: hours; min: minutes; ECC: extracorporeal circulation; TP: to-
tal patients.

Table 2: Postoperative data.

 BP/PTs Mean
Group A 3.3 + 0.8
Group B 2.6 + 1.1

Table 3: Mean of CABGs/patients.
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All neurological complications were in the group 
who underwent both venous and arterial revasculari-
zation (Group A), where a proximal anastomosis was 
made. All complications and deaths were in group A. 

Postoperative complications were summarized in 
table 4, as follows: 6 strokes (6.6%; the stroke of carotid 
origin was 2.1%), 2 acute myocardial infarctions (AMI) 
(2.2%), 1 neck and 7 mediastinal re-explorations for 
bleeding (8.8%), 4 multiorgan failures (MOF), 5 res-
piratory failures, 7 renal failures, 1 intestinal infarction, 

TP 
(91 pt.)

Group B 
(8 pt.)

Group A 
(83 pt.)

MOF 4 0 4
Re-intubation 5 0 5
Neurological events 6 0 6
Renal failure 7 0 7
AMI 2 0 2
IABP 6 0 6
Malignant arrhythmias 8 0 8
Inotropic support 8 0 8
Intestinal infarction 1 0 1
Re-exploration for 
bleeding 7 0 7

Infection 1 0 1
Death 9 0 9

MOF: multiorgan failure; AMI: acute myocardial infarction; 
IABP: intraaortic balloon pump; TP: total patients.

Table 4: Postoperative complications.

8 malignant arrhythmias, 1 pneumonia, 8 hemody-
namic instabilities requiring IABP insertion and drug 
administration.  

There were 8 in-hospital deaths (8.8%) and 1 late 
death (for a stroke after five months). Causes of in-
hospital death were summarized in table 5, as follows: 
1 intestinal infarction (1.1%), 2 cardiac-related deaths 
(2.2%) (1 AMI, 1 malignant arrhythmias), 2 neurologi-
cal events (3.3%), 3 MOF (3.3%). 

Causes of death Hospital
mortality (n. pt)

Late mortality 
(n. pt)

MOF 3 0
Neurological 2 1
cardio-related 2 0
Intestinal-infarction 1 0

MOF: multiorgan failure.

Table 5: Causes of death.

Discussion
The higher risk of neurological events, in case of 

carotid pathology, is already well established: the ques-
tion about the optimal timing for a surgical approach, 
in case of simultaneous carotid and cardiac diseases, is 
still controversial because of the disagreement of the 
data reported. 

The risk of neurological events in patients who un-
derwent a combined procedure is related to anatomical 
characteristics and surgical procedures. For the ana-
tomical characteristics, the degree of carotid stenosis 
is one of the most important causes of stroke during 
CABG: in fact, for patients with stenosis < 50%, the 
incidence of significant neurological events was 9.2%, 
compared with 1.9% in patients with normal carotid ar-
teries. Secondly, the aortic arch disease is an independ-
ent predictor of postoperative stroke [12]. Patients 
with severe aortic arch disease have a 5% to 19% risk of 
neurological complications, compared with 0% to 2% 
in patients with normal aortic arches. It has also been 
convincingly demonstrated that the degree of aortic 
manipulation at the time of surgery directly influences 
postoperative stroke rates independent of aortic ath-
erosclerosis  [12].

For the surgical-related complications, the em-
bolism for aortic manipulation is one of the strongest 
causes of neurological complications. On this basis, 
many questions are made about the possibility of re-
ducing the incidence of stroke in cases of a combined 
procedure; unfortunately, the anatomical characteris-
tics are not modifiable and only the surgical approach-
es can be discussed. In fact, many strategies have been 
proposed to reduce the incidence of stroke and opti-
mize the outcome. These included: CEA followed by 
CABG, with a lower incidence of stroke but a higher 
rate of cardiac events; CABG followed by CEA, with a 
higher incidence of neurological events but fewer car-
diac complications; synchronous procedures, which 
have medium incidences of both complications [12].

The negative effects of the ECC time and aortic 
manipulation on the neurological complications have 
been clearly demonstrated. Even in our experience, pa-
tients without aortic manipulation for proximal vein 
anastomosis have a lower incidence of neurological 
injuries. In fact, Group B, who received a total arterial 

Combined cardiac and carotid surgery
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revascularization (without anastomosis on the ascend-
ing aorta), seemed to be protected against neurologi-
cal complications. Thus, total arterial revascularization 
should be considered as a strategy to prevent neurolog-
ical injuries in patients who have undergone combined 
CEC and CABGs.   

Synchronous CEA/CABG offers the economic 
benefit of avoiding two separate procedures and hospi-
talizations, with an acceptable risk of complication and 
good long-term freedom from coronary and neurologic 
events. A single occluded carotid conferred a 15.6% risk 
of stroke, and patients with bilateral carotid occlusions 
had a 33% incidence [9-12]. 

However, the best approach to the management of 
concomitant severe carotid and coronary artery disease 
remains unanswered. The American College of Car-
diology/American Heart Association (ACC/AHA) 
guidelines recommend CEA in asymptomatic carotid 
stenosis of ≥ 80%, either prior to or combined with 
CABG (Class IIa Carotid endarterectomy is probably 
recommended before CABG or concomitant to CABG 
in patients with a symptomatic carotid stenosis or in 
asymptomatic patients with unilateral or bilateral inter-
nal carotid stenosis of 80% or more - Level of Evidence: 
C). Moreover, carotid screening is probably indicated 
in the following subsets: age greater than 65 years, left 
main coronary stenosis, peripheral vascular disease, 
history of smoking, history of transient ischemic attack 
or stroke, or carotid bruit on examination - Level of 
Evidence: C [13].

However, there is no consensus as to which surgi-
cal approach is superior. More recently, carotid artery 
stenting (CAS) prior to CABG is emerging as an alter-
native option with promising results in asymptomatic 
patients considered 'high risk' for CEA, even though 
the late outcome is uncertain [14].

Conclusions
The major limitation of this study concerns the 

small number of patients considered and the risk of 
bias in case of a retrospective study. 

However, our experience may be helpful for clini-
cians involved in the care of this high-risk subset of pa-
tients. 

In conclusion, our study confirms that in cases of 
CEA/CABG combined procedures using ECC and 

aortic cross clamping, every effort must be made in 
order to reduce the aortic manipulation and the athe-
roembolisms; on this basis, it is to avoid both a partial 
ascending aortic clamp and venous revascularization to 
reduce the risk of neurological complications, due to an 
unstable clamping way, and also to the proximal anas-
tomosis confectioning. In our series, there is strong evi-
dence that complete arterial revascularization could be 
useful in reducing the incidence of stroke for patients 
undergoing a combined procedure. Therefore, in our 
center an arterial revascularization is also used in older 
patients that have to be operated on in CEA/CABG 
combined procedures.  

We are aware that small numbers cannot provide a 
definitive conclusion but could offer a matter for specu-
lation. The aim of this paper is to present personal ex-
perience, pointing out that the risk of complications in 
cases of combined CEA/CABG is high. Further analy-
sis is required to clarify the matter of the ideal surgi-
cal management, even though our experience confirms 
that combined surgery is affected by high risk of acute 
complication with the following high rate of event-free 
survival. 
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