
SUMMARY
This study retrospectively reviewed early outcomes after the carotid endar-
terectomy combined with coronary artery bypass grafting (CABG). Between 
January 2007 and March 2011, 52 patients who underwent combined 
myocardial revascularization and carotid endarterectomy in a single-stage 
procedure. The principal indication was the need for symptomatic or as-
ymptomatic carotid stenosis of 80% stenosis or more. The mean age was 
66.4 ±6.6 years (range 50-75). 34 patients (65.4%) were male, 18 patients 
(34.6%) female. Mean number of the grafts 2.7, mean ejection fraction was 
(EF) % 49.6 ±8.4. A total of 22 patients (42.3%) had a previous myocar-
dial infarction, 7 patients (13.4%) presented with unstable angina and one 
patient (1.9%) had prior coronary artery bypass grafts. The average car-
diopulmonary bypass time was 83.2±41.7 (range 30-204) min and cross-
clamping time was 31.8±11.8 (range 18-67) min. Early overall mortality 
was 3 (5.7%), of which 2 were cardiac related (3.8%). Other cause of death 
was fatal stroke in one patient (1.9%). Perioperative morbidity included 
myocardial infarction in 1 patient (1.9%) , neurologic deficit in 3 (5.7%), 
2 patients (3.8%) low cardiac output syndrome. Carotid endarterectomy 
and myocardial revascularization in conjunction with cardiopulmonary by-
pass is a method safe enough to prefer its routine use with acceptable low 
operative risk.
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ÖZET
Kardiyopulmoner baypas kullanılarak eş zamanlı karotis endarterektomi 
ve miyokardiyal revaskülarizasyon
Bu çalışmada, koroner arter bypass greftleme (KABG) ile birlikte yapılan 
karotis endarterektomi sonrası erken dönem sonuçları retrospektif olarak 
sunuldu. Ocak 2007 - Mart 2011 tarihleri arasında kliniğimizde 52 hastaya 
kombine miyokard revaskülarizasyon ve karotis endarterektomi operasyonu 
yapıldı. Temel endikasyon, % 80 ve üstü semptomatik veya asemptomatik 
karotis darlığı idi. Yaş ortalaması 66.4 ± 6.6 yıl (48-77), 34 hasta erkek (% 
65.4), 18 hasta kadın (% 34.6) kadın olarak bulundu. Ortalama greft sayısı 
2.7 , ortalama ejeksiyon fraksiyonu (EF) % 49.6 ± 8.4 idi. 22 hastada geçiril-
miş miyokard infarktüsü (% 42.3), 7 hastada (% 13.4) kararsız angina, bir 
hastada geçirilmiş koroner arter baypas greft (% 1.9) öyküsü mevcuttu. Or-
talama kardiyopulmoner baypas zamanı 83.2±41.7 (dağılım 30-204) dakika 
ve kros-klemp zamanı 31.8±11.8 (dağılım 18-67) dakika idi. Erken mortalite 
olarak bildirilen 3 hastanın (%5.7) , ikisi kardiak sebebli idi. Diğer hastada 
ölüm nedeni, fatal inme (% 1.9) idi. Perioperatif morbidite olarak, 1 hastada 
miyokard infarktüsü (% 1.9), 3 hastada nörolojik defisit (% 5.7), 2 hastada 
(% 3.8) düşük kardiyak debi sendromu gelişti.
Kardiyopulmoner baypas ile birlikte eşzamanlı yapılan karotis endarterekto-
misi ve miyokardiyal revaskülarizasyon düşük operatif riski ile rutin tercih 
edilebilecek güvenli bir yöntemdir.

Anahtar kelimeler: Karotis endarterektomi, koroner arter baypas greftleme, 
postoperatif komplikasyonlar, etiyoloji
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Introduction
A postoperative cerebral stroke remains one of the 

most serious complications after cardiac surgery. In 
recent studies, the frequency of severe perioperative 
strokes in unselected patients undergoing coronary 
artery bypass grafting (CABG) has varied between 
0.3% and 3.9%(1,2). The most important risk factor 
for postoperative neurological complication is severe 
stenosis of the extracranial arteries in 1.3%–16% of 
preoperative patients requiring cardiac surgery(3,5). 
The treatment strategy for patients with concomitant 
carotid artery stenosis and cardiac surgery has not 
been clarified. The surgical strategy for these patients 
in this department is a one-stage procedure with car-
diopulmonary bypass (CBP) being instituted before 
carotid endarterectomy for additional cerebral pro-
tection with mild hypothermia, systemic hepariniza-
tion, and controlled hemodynamics under pulsatile 
perfusion. This study retrospectively reviewed short 
outcomes after a simultaneous carotid endarterecto-
my and coronary artery bypass surgery. 

Material and Methods
A retrospective nonrandomized chart review was 

performed in patients who underwent for concomi-
nant carotid and coronary disease at the department 
of cardiovascular surgery in our hospital between 
January 2007 and March 2011. Basic demographic 
information, preadmission comorbidities, medica-
tion profiles, presenting neurologic symptoms, op-
erative details, as well as the nature of any postop-
erative complications were recorded. A total of 52 
patients underwent combined unilateral/bilateral 
carotid endarterectomy (CEA) /coronary artery by-
pass grafting (CABG) operations. There were 34 male 
(65.4%) and 18 female (34.6%) patients, aged 48 to 
77 years(median ,66.4 ±6.6 years). Smoking history, 
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hypertension and hypercholesterolaemia were pres-
ent in >50% of cases. The concomitant carotid endar-
terectomy was performed in 28 patients on the right 
side , 23 patients on the left side and one patient on 
the bilateral. An overview on their preoperative con-
ditions is given in Table I.

In Table II all results from the cardiac catheteriza-
tion and digital substraction angiography of the case 
group summarized. Most patients (53.8%) had triple-
vessel disease and 23% had double vessel disease. In 
18 patients (34.6%), a bilateral carotid stenosis was 
found. Ulcerated plaques were seen in 4 patients. Si-
multaneous procedures in the case group were main-
ly performed as elective operations (Table III).

The severity of internal carotid artery stenosis was 
graded as % 70 or more duplex carotid scanning. Pa-
tients who have intermediate stenosis have under-
gone DSA (digital subtraction angiography). The indi-
cation for a simultaneous approach was the need for 
myocardial revascularization and either symptomatic 
or asymptomatic internal carotid stenosis with equal 
or > 80% diameter reduction.

All patients had unilateral/bilateral carotid end-
arterectomy with autologous saphenous vein patch 
plasty or primary repair and concomitant cardiac 
surgery. Both CABG and CEA were performed by 
the same surgical team. The carotid artery was ex-
posed. Median sternotomy was performed, systemic 
heparinization (3 mg/kg body weight) and cannula-
tion were carried out. The mean arterial pressure was 
maintained at 60–70 mmHg with the unloaded beat-
ing heart. A carotid endarterectomy with autologous 

saphenous vein patch 7.6% (4/52) or primary repair 
92.3% (48/52) was performed under simple carotid 
arterial clamping (without using shunt tube). Then, a 
CABG with the intermittent aortic cross-clamp meth-
od under cardiac arrest with cold blood retrograd car-
dioplegic solution were performed. The neck incision 
was left open until the end of the cardiac procedure. 

Table I. Demographic and clinical characteristics

Tablo II. Cardiac catheterization and dijital substraction 
angiography findings

Tablo III. Operative characteristics

Characteristics  Case group  (n=52) %

Age

 Range
 Mean ±standard 

 48-77 
 66.4±6.6

Sex  

 Female
 Male

 18
 34

%34.6
%65.4

Risk factory
 Smoking history
 Hypertension 
 Diabetes mellitus
 Hypercholesterolemia
 Peripheral vascular disease
 Previous myocadial infarction
 Unstabil angina 
 Neurological history

 35
 30
 13
 33 
 35 
 22
 7 
5

%67.3
%57.7
%25

%63.5
%67.3
%42.3
%13.4
%9.6

Findings  Case %

Coronary artery disease 
 Single vessel 
 Double vessel
 Triple vessel
 Multi vessel 
Ejection Fraction:

 52 
 10
 12
 28
 2

 %100
 %19.2
 %23

 %53.8
 %3.8

Normal (≥50) 
 Mildly (40-49) 
 Severely (≤40)
Carotis stenosis:

 40
 10
 2

 % 76.9
 %19.2.
 %3.84

 Unilateral 
 Bilateral
 Ulceration

 30
 18
 4 

 %57.6
 %34.6
 %7.69

Operative characteristics Case group (n=52)  %

Operative priority
 Elective  51  %98

 Emergent 1  %1.9

 CABG  

 Number of grafts (range) 1-5

 Mean±standard deviation
LIMA use

Cardiopulmonary bypass (min)

45 %86.5

Range
Mean±standard deviation

Cross-clamp time (min)

 30-204
 83.25±41.7

Range
Mean±standard deviation
IABP

CEA

 18-67
 31.8±11.85

1

 
 Unilateral
 Bilateral
 Clamping time (min)
 Range
 Mean±standard deviation

51
1

13-43
 20.23±5.62
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Values were expressed as mean ± standard devia-
tion and percentage per variables. All analyses were 
performed with Statistical Package for the Social Sci-
ences (SPSS Inc., Chicago, Illinois, USA) 13.0 version 
software. 

Results

The average number of grafts was estimated to be 
2.7. In 45 cases LİMA had been used. The average car-
diopulmonary bypass time was 83.2±41.7 min and 
cross-clamping time was 31.8±11.8 min. An intra-
aortic balloon pump was necessary in 2 cases. Uni-
lateral carotid endarterectomy was performed in 51 
patients (98.1%). In one case (1.9 %) a bilateral ca-
rotid endarterectomy was necessary. Average carotid 
clamping time was 20.2±5.6min (13-43) (Table III). 
One patient (1.9%) suffered myocardial infarction 
and 2 patients (3.8%) developed low cardiac output 
syndrome postoperatively. Revision of the internal 
carotid artery was necessary in one patient (3.8%) be-
cause of a haematoma in the soft tissue of the neck. 
2 patients (3.8%) developed arrythmia that needed 
medical treatment. Overall early mortality occurred 
in 3 patients (5.7%) of which 2 cases (4.2%) were 
cardiac related. The early causes of death were myo-
cardial infarction in one patient (1.9%), low cardiac 
output in one patient (1.9%). Other cause of death 
was fatal stroke in one patient (1.9%). Resuscitation 
(postoperative cardiac arrest because of arrythmia) 
was necessary in one patient (1.9%).

Discussion

Although the first description of a combined carot-
id endarterectomy and open heart surgery approach 
was reported by Bernhard and coworkers in 1972(6). 
The coincidence of coronary and carotid artery dis-
ease (uni- or bilateral, with or without involvement 
of the supra-aortic branch) is still a problem with 
regards to surgical strategy. This patient group is 
known to have a high risk cardiac or neurological 
complications after isolated coronary artery bypass 
grafting or carotid endarterectomy. It is clear that the 
desired goal of all methods is to minimize neurologic 
complications and mortality. Since the opening of 
the Heart Centre Duisburg in 1989 the authors have 
favoured a simultaneous approach to lesions in both 
arterial systems in order to avoid myocardial infarc-
tion or stroke. Simultaneous carotid endarterectomy 
and myocardial revascularization can be justified as 

a routine surgical management of severe lesions in 
both arterial systems. The risk of myocardial infarc-
tion, apoplectic stroke or mortality was not signifi-
cantly different than isolated procedures(7).

Routine carotid endarterectomy or coronary revas-
cularization in patients without concominant carotid 
or coronary disease or confounding illnesses can be 
performed with minimal morbidity and mortality.(8) 
In patients with no carotid artery disease undergoing 
coronary revascularization , pooled data from 1985 
to 1992 have demonstraded an early mortality rate 
of %2.7 and stroke rate of % 1.9.(8) Faggioli and col-
leagues demonstrated that CABG in the presence of 
unilateral hemodinamically significant carotid artery 
disease is associated with a % 15 perioperative stroke 
risk(9). Hertzer et al reported that the incidence of 
permanent stroke was % 6.7 if the contralateral in-
ternal carotid artery was more than % 50 narrowed 
and % 11 in the presence of contralateral internal car-
tid artery occlusion after CABG.(8) The risk of stroke 
in CABG patients with bilateral hemodinamically 
significant carotid artery stenosis could be consider-
ably higher. To reduce the neurologic morbidity in 
patients with concominant carotid and coronary ar-
tery disease , many surgeons advocated carotis end-
arterectomy before or simultaneuosly with coronary 
vascularization. 

The rationale for this approach is based on the con-
cern that the potential reduction in cerebral blood 
flow during cardiopulmonary bypass might be the 
antecedent factor for postoperative strokes. Further-
more the effects of nonpulsatile flow and labile arteri-
al pressure during cardiopulmonary bypass may also 
influence the incidence of neurologic events. Embo-
lization of atheromatous material , air, fat, thrombus 
or thrombosis or intracerebral hemorrhage are all po-
tential factors in the genesis of strokes(10). 

The incidence of major neurological complica-
tions after CABG has been reported to be between 
%1-6(11). Although several factors play significant 
roles in causing strokes in patients undergoing iso-
lated coronary revascularization, carotid artery ste-
nosis is an important, incremental risk factor(12,13). 
D’Agostino and coworkers estimated perioperative 
risk according to the degree of carotid stenosis as fol-
lows: < 2% with stenosis < 50%, 10% with stenosis 
50%-80%, and 11-19% with stenosis > 80%(14). On 
the other hand, a controversy still exists in the litera-
ture as to whether or not CEA is protective against 
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stroke. The North American Symptomatic Carotid 
Endarterectomy Trial (NASCET) study showed that 
in symptomatic patients with 70-99% carotid steno-
sis, CEA decreased the 2-year rate of ipsilateral stroke 
from 26% (in medically treated patients) to 9%(15). 
The Asymptomatic Carotid Atherosclerosis Study 
(ACAS) study demonstrated a reduction in total neu-
rological events in patients with > 60% carotid ste-
nosis from 18 to 7%, over a 5 year period.(16) These 
data demonstrated clearly the need for an aggressive 
surgical approach in patients with concomitant sig-
nificant carotid and coronary artery stenosis. Gugu-
lakis et al reported that the incidence of permanent 
neurologic deficit was 2.4% and the hospital mortal-
ity rate was 4.2% in 1444 patients who underwent 
various combined procedures(17).

The best approach to the management of con-
comitant severe carotid and coronary artery disease 
remains unanswered. The American College of Car-
diology/American Heart Association (ACC/AHA) 
guidelines recommend carotid endarterectomy (CEA) 
in asymptomatic carotid stenosis of ≥ 80% either pri-
or to or combined with coronary artery bypass sur-
gery (CABG). Currently, there is no consensus as to 
which surgical approach is superior. More recently, 
carotid artery stenting (CAS) prior to CABG is emerg-
ing as an alternative option with promising results 
in asymptomatic patients considered ‘high risk’ for 
CEA. A <3% composite event rate has been set as a 
benchmark for isolated CAS or CEA in asymptomat-
ic patients by the ACC/AHA; however, most CEA or 
CAS studies in patients requiring concomitant CABG 
have shown event rates ranging from 10-12%. This 
review examines the available data on carotid revas-
cularisation in relation to CABG surgery to aid in the 
risk-benefit decision analysis in this controversial 
area(18).

Large clinical studies have shown excellent out-
comes when shunts are placed for CEA. But, many 
surgeons argue that shunts are not routinely neces-
sary, even in patients with contralateral carotid occlu-
sion(19,20,21). This conclusion is justified by similar-
ly large case series of CEAs that demonstrate equiva-
lent rates of stroke with and without a shunt in CEAs 
in patients(22). Our results are in agreement with 
other series reporting that combined CEA and CABG 
without shunt can be performed safely(23,24,25).

Carotid endarterectomy under conditions of ECC, 
beating heart, mild hypothermia (30°C), haemodilu-

tion and systemic heparinization has several advan-
tages because mild hypothermia reduces the oxygen 
consumption in heart and brain. Systemic heparin-
ization reduces the risk of embolization and major 
stroke.

Simultaneous carotid endarterectomy and coronary 
artery bypass surgery is a safe and effective technique 
for patients with significant coronary artery and ca-
rotid artery disease. We suggest that performing con-
comitant coronary revascularization and carotid end-
arterectomy under cardiopulmonary bypass is safe, 
offering acceptable morbidity and mortality rates.
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