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Simultaneous carotid endarterectomy and coronary revascularization
using moderate hypothermia in patients with bilateral carotid disease

and coronary artery disease

‹ki tarafl› karotis ve koroner arter hastal›¤›nda orta derecede sistemik hipotermi 
uygulanarak eflzamanl› karotis arter endarterektomisi ve koroner revaskülarizasyonu 
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Amaç: Karotis ve koroner arter hastal›¤›n›n bir arada
bulundu¤u olgularda uygun cerrahi strateji halen tart›fl-
mal›d›r. Bu çal›flmada, sistemik hipotermi alt›nda eflza-
manl› koroner arter revaskülarizasyonu ve karotis endar-
terektomisi uygulamas›n›n güvenli¤i ve etkinli¤i araflt›-
r›ld›.

Çal›flma plan›: Çal›flmada iki tarafl› karotis arter hasta-
l›¤› ve koroner arter hastal›¤› olan 15 olgu (11 erkek, 4
kad›n; ort. yafl 64; da¤›l›m 55-72) geriye dönük olarak
de¤erlendirildi. Dokuz hastada iki tarafl› %70 ve üze-
rinde karotis darl›¤› ve karfl› tarafta t›kan›kl›k, alt› hasta-
da ise %80-99 iki tarafl› karotis arter darl›¤› vard›. Tüm
hastalara orta derecede (25 °C) sistemik hipotermi alt›n-
da karotis endarterektomisi uyguland›. Koroner arter re-
vaskülarizasyonu so¤uma ve ›s›nma periyodlar› s›ras›n-
da yap›ld›. Ortalama izlem süresi 26.2±8.3 ay (da¤›l›m
12-41 ay) idi.

Bulgular: Hastane içi ölüm olmad›. Ortalama greft say›s›
2.7±0.7 idi. Ortalama karotis oklüzyon zaman› ve kros-
klemp zaman› s›ras›yla 14.5±0.7 ve 104±8.2 dakika bu-
lundu. Hastanede kal›fl süresi ortalama 7.6±0.8 gündü.
Ameliyat sonras› izlem süresince hiçbir hastada inme ve
ölüme rastlanmad›, karfl› taraf karotis endarterektomisi
gerekmedi. 

Sonuç: ‹ki tarafl› karotis hastal›¤› ve koroner arter hastal›-
¤›n›n bir arada bulundu¤u olgularda serebral koruma için
sistemik hipotermi alt›nda eflzamanl› koroner arter revas-
külarizasyonu ve karotis endarterektomisi uygulamas› gü-
venli ve etkili bir yöntemdir.
Anahtar sözcükler: Kombine tedavi yöntemi; koroner arter
bypass/yöntem; karotis endarterektomi/yöntem.

Background: The appropriate surgical strategy for
patients with combined carotid and coronary artery disease
remains controversial. This study was designed to investi-
gate the safety and effectiveness of simultaneous applica-
tions of coronary revascularization and carotid endarterec-
tomy under systemic hypothermia.

Methods: We retrospectively evaluated 15 patients (11
males, 4 females; mean age 64 years; range 55 to 72 years)
with coronary artery disease and bilateral carotid artery
stenosis. Nine patients had bilateral carotid artery disease
with more than or equal to 70% stenosis and contralateral
occlusion, and six patients had bilateral stenosis ranging
between 80% and 99%. All the patients underwent carotid
endarterectomy under moderate (25 °C) systemic hypother-
mia. Coronary revascularization was performed during the
periods of cooling and rewarming. The mean follow-up peri-
od was 26.2±8.3 months (range 12 to 41 months).

Results: No hospital mortality was seen. The mean number
of grafts used was 2.7±0.7. The mean times of carotid occlu-
sion and cross-clamping were 14.5±0.7 minutes and 104±8.2
minutes, respectively. The mean hospital stay was 7.6±0.8
days. None of the patients developed stroke or death or
required contralateral carotid endarterectomy during the fol-
low-up period. 

Conclusion: Simultaneous coronary artery bypass grafting
and carotid endarterectomy using moderate systemic
hypothermia for cerebral protection is a safe and effective
procedure for patients with coexisting coronary artery dis-
ease and significant bilateral carotid artery occlusive disease.
Key words: Combined modality therapy; coronary artery
bypass/methods; endarterectomy, carotid/methods.



Despite a heightened of the dangers of coexistent
carotid and coronary artery disease, the incidence of
perioperative stroke has not changed over the past
decade. Presenting carotid artery disease is associated
with high incidence of stroke after a cardiac surgery.[1-3]

Faggioli et al.[2] suggest that the prophylactic carotid
endarterectomy (CEA) in patients with high grade or
bilateral carotid artery disease may reduce the incidence
of perioperative stroke. Coronary revascularization in a
patient with internal carotid artery stenosis more than
50% is associated with a postoperative stroke rate of
6%, which increases significantly to more than 16%
when stenosis is more than 90%.[4,5] Many surgeons
advocated combined coronary artery bypass grafting
(CABG) with unilateral carotid endarterectomy for
obtaining reduced postoperative stroke rate. However,
there are many clinical studies with the concomitant
approach which has different postoperative stroke rates
ranging from 2% to 20%.[6-8] There are many factors
which influence the postoperative stroke rate such as
patient selection criteria, variations in operative tech-
niques, and intraoperative cerebral protective measures
in the combined approach.

In the literature, most of the studies on concomitant
CABG with CEA involved only one-sided (right or left)
CEA because of significant unilateral carotid stenosis.
There are only a few reports of undergoing combined
CABG plus CEA in patients with symptomatic or
asymptomatic significant bilateral carotid stenosis and
coronary artery disease.[9,10] Because the postoperative
stroke rate after combined CABG with bilateral CEA
has been higher than concomitant CABG with unilater-
al CEA,[4,11,12] this obviously reveals that there is need for
developing reliable clinical and operative guidelines for
the management of patients with severe coronary and
bilateral carotid artery stenosis. Therefore, the purpose
of this study is to review our experience with combined
CABG and unilateral CEA using moderate hypothermia
for cerebral protection in this challenging group of
patients. 

PATIENTS AND METHODS

A retrospective nonrandomized chart review was per-
formed in 15 patients (11 males, 4 females; mean age
64 years; range 55 to 72 years) who underwent con-
comitant CABG and unilateral CEA at Kofluyolu Heart
and Research Hospital between June 2002 and October
2004. The study group consisted of stable angina
patients with bilateral carotid artery stenosis, more than
70% of whom were scheduled to undergo CABG. 

Perioperative risk factors were hypertension (n=11,
73.3%), obesity (n=6, 40%), diabetes (n=7, 46.6%),
smoking history (n=7, 46.6%), and prior peripheral vas-

cular disease (n=3, 20%). One patient (6.6%) presented
with a history of stroke, three had (20%) transient
ischemic attack, none of the patients presented with
amaurosis fugax. The majority of patients (11/15, 73.3%)
had asymptomatic bilateral carotid artery disease. Right
carotid artery stenosis of more than 70% was present in
nine patients (60%) and left carotid artery stenosis of
more than 70% was present in 11 patients (73.3%) based
on duplex ultrasound examination.

Patient selection criteria. All patients scheduled for
CABG had a bilateral carotid artery color-flow duplex
ultrasound examination whenever they had history of
transient ischemic attacks, syncope or any cerebrovascu-
lar accidents, or asymptomatic bruits on physical exami-
nation. All of the patients were evaluated for carotid dis-
ease in another radiologic unit. Our review of the color-
flow duplex ultrasound results comparing to operative
specimens has demonstrated a high level of accuracy
between duplex criteria and percentage of stenosis deter-
mined at the time of operation. Concomitant CABG and
unilateral carotid artery endarterectomy operation was
performed in patients who had >70% stenosis detected
by duplex ultrasound, either having neurologic symp-
toms or not. No additional procedure such as magnetic
resonant angiography or contrast angiography was per-
formed for further investigation to confirm the validity of
the ultrasound results. All patients, with or without
symptomatic bilateral carotid disease who had >70%
stenosis on one side while having >50% stenosis on the
other side that were detected by duplex ultrasound were
randomly chosen for concomitant coronary artery revas-
cularization and CEA procedure. Patients who under-
went concomitant unilateral CEA with CABG due to
unilateral significant carotid and coronary artery disease
were excluded from the study.

Operative technique. The same team of cardiothoracic
surgeons performed the concomitant CABG with uni-
lateral CEA procedures. Intraoperative cerebral moni-
toring devices were not used in any of the patients.
Endarterectomy procedure was performed primarily on
the side with a greater rate of stenosis.

The carotid artery was exposed through an incision
anterior to the sternocleidomastoid muscle. The carotid
vessels were isolated in the usual fashion. A median
sternotomy was made and the conduit was harvested.
Heparin administration and cannulation were then per-
formed. Cardiopulmonary bypass was initiated and a
retrograde cannula was placed in the coronary sinus and
a venting cannula was placed on the ascending aorta.
Cardiac arrest was achieved using retrograde warm
blood cardioplegia, which was then cooled to 25 °C and
given continuously for myocardial protection. As the
cardioplegia was cooled down, the systemic perfusate
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temperature is dropped to 25 °C. Throughout the cross-
clamp period, high flow and pressure (mean 70 mmHg)
were maintained with a centrifugal pump. The opera-
tion continued as if a cardiac operation alone was being
performed. When an esophageal temperature of 25 °C
is reached, the distal coronary anastomosis was com-
pleted, and the cardiac section of the operation was
stopped. Attention was diverted to the carotid artery
while aorta remained clamped and retrograde blood car-
dioplegia was given continuously. The carotid artery
was clamped, opened, and endarterectomized without
shunting. The principles of endarterectomy were strict-
ly followed including extending the endarterectomy
incision to normal internal carotid artery distally,
endarterectomy of the internal and external carotid
arteries, meticulous debridement of all flaps, and clo-
sure of the arteriotomy primarily or with a saphenous
vein patch using a running 6-0 prolen suture. The artery
was de-aired, and the clamps were released to re-estab-
lish flow into the carotid artery. We did not use the
intravascular shunt in any study case. Temporary shunt
is indicated for all patients with a prior history of cere-
bral infarction as weel as for those with a back-pressure
of less than 25 mmHg. Patients undergoing operations
for TIAs or asymptomatic carotid stenosis in whom the
back-pressure is greater than 25 to 40 mmHg do not
require a shunt. The remaining coronary grafts were
completed, before the final proximal anastomosis to the
ascending aorta was initiated, the patient was rewarmed
to a systemic temperature of 37 °C. The operation was
completed in a routine fashion with discontinuation of
cardiopulmonary bypass.

The mean follow-up period was 26.2±8.3 months
(range 12 to 41 months).

RESULTS

There was no mortality. Intraoperatively, cardiopul-
monary bypass was maintained for a mean of 135 min-
utes (median duration, 130 minutes). The average aor-
tic cross-clamp time was 104 minutes (medial time, 100
minutes). The average number of grafts was 2.7±0.7.
Postoperative intensive care unit stay was 2.1±0.4 days
with a mode of 2.5 days and a range of 1 to 2.5 days. No
permanent or transient neurologic events including
minor neurological events were observed in the early
and late postoperative period. None of the patients
required prolonged mechanical ventilation for more
than 24 hours postoperatively.

DISCUSSION

Although the first description of a combined carotid
endarterectomy and open heart surgery approach was
reported by Bernhard et al.[13] in 1972, the choice of
treatment for patients coexisting significant carotid

artery stenosis and coronary artery disease is still a
dilemma. During the past decade cardiac mortality and
associated morbidity have steadily declined, but periop-
erative stroke rates have remained relatively constant in
open heart surgery. Recently, Engleman et al.[14] report-
ed the mean stroke rate of 2% following isolated CABG
in a collective review of more than 35,000 patients. In
addition, previous and more recent studies present that
the presence of bilateral or unilateral carotid artery
occlusive disease is a risk factor for the development of
neurologic injury following cardiac operations in the
early and late perioperative periods.[15,16] Patients with
coexistent carotid and coronary artery disease present a
major management problem because they represent a
high-risk group of either surgery. Dashe et al.[17] found
that stroke rate increased in a graded fashion in relation
to the degree of carotid stenosis: 1.4% for the 0% to
24% stenosis subgroup, 4.1% for the 25% to 49%
stenosis subgroup, 10.4% for the 50-69% stenosis sub-
group, and 50% for the 70-90% stenosis group. In
patients with symptomatic or asymptomatic carotid dis-
ease who underwent only CABG operation the inci-
dence of stroke has been found to be as high as 17% in
various reports.[1,16,18]

The risk of stroke in CABG with bilateral hemody-
namically significant carotid artery stenosis could be
considerably higher. This hypothesis was supported by a
study of Nunn in which he reported a 58% stroke rate in
untreated patients presenting bilateral carotid stenosis.[19]

Similarly, Hertzer et al.[16] reported a significant number
of patients in their series who had developed contralater-
al strokes in the unoperated diseased carotid artery side.
In addition, Breaslau et al.[20] documented that the
patients with bilateral carotid artery disease had a 23%
incidence of stroke on the untreated contralateral side. To
reduce the neurologic morbidity in patients with con-
comitant carotid and coronary disease, many surgeons
advocated CEA before or simultaneously with coronary
artery revascularization. Regarding CEA in this chal-
lenging group of patients, several investigators have also
proposed that carotid endarterectomy should be per-
formed on the side that contributes the majority of cere-
bral blood flow with or without cardiopulmonary bypass,
and the contralateral side should be addressed at a later
time in a reversed staged fashion.[21] However, recently, as
in their interesting study, Dylewski and et al.[22] reported
their successful surgical results of combined bilateral
CEA with CABG in 33 patients with significant bilateral
carotid occlusive and coronary artery disease. In this
regard, Kouchoukos and et al.[9] suggest the use of
hypothermic circulatory arrest for cerebral protection
during combined CABG and CEA in patients with bilat-
eral carotid artery disease. Although there are many
methods which protect the brain during the CEA opera-
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tions such as ipsilateral jugular venous oxygen tension
measurement, monitoring of electroencephalographic
waves and using the internal shunt depending on the
back-pressure in the internal carotid vessel, we agree
with Kouchoukos that hypothermia is a beneficial strate-
gy for cerebral protection during the combined CEA and
CABG. In an effort to reduce the risk of perioperative
stroke for this patient population, in our institution, we
have advocated moderate hypothermia during the con-
comitant CEA and CABG procedures using single cross-
clamp in patients with significant bilateral carotid artery
stenosis and coronary artery disease. We have never tried
bilateral CEA because of probability of increased neuro-
logic, respiratory, cardiac complications and uncomfort-
able condition either for the surgeon and the patient. In
our opinion, performing a unilateral CEA while ignoring
the contralateral diseased carotid artery in patients who
have significant bilateral carotid artery stenosis may
result in increased morbidity and mortality from the
uncorrected lesion. Our rationale for using moderate
hypothermia for cerebral protection in this setting has
been based on historical and recent published data.[9,10,23]

Khaitan et al.[23] found that hypothermia to 25 °C in
patients is a good method for simultaneous repair of
coronary and carotid lesions in a high-risk group of
patients with concomitant disease in the study of 121
patients. Similarly, Guibaud et al.[10] recommend
hypothermia to 28 °C or below degrees during the carotid
clamping time for cerebral protection when ipsilateral or
contralateral supply is reduced, or even absent.

This report presents the analysis of our recent expe-
rience with 15 patients who underwent simultaneous
CEA and CABG under moderate hypothermic (25 °C)
cardiopulmonary bypass. There was no mortality. No
patient in this recent series suffered from a periopera-
tive neurologic event. All patients who received com-
bined CEA and CABG in our institution had carotid
stenosis greater than 70% at least on one side of the
carotid vessels. This represents less than 1% of our
patient population undergoing CABG. Four percent of
all patients undergoing cardiac procedures in our insti-
tution had carotid disease of greater than 50% stenosis.
Patients with carotid stenosis of 50% to 70% are treat-
ed as routine CABG patients, and there was no periop-
erative stroke. Our cross-clamp and perfusion times
were not significantly increased with the standard times
at this institution. However, the intensive care unit stay
was longer than other standard CABG patients. This
prolonged stay was due to more closing follow-up of
the patients for possible postoperative complications.

In conclusion, the operative technique we describe
is a good one for treating the patients presenting with
significant coronary artery disease associated with

symptomatic or asymptomatic bilateral carotid artery
occlusive disease. It entails a single period of anesthe-
sia and hypothermia for cerebral protection. We have
used this method with no mortality and morbidity and
recommend its use in this high-risk group of patients.

Study limitations. The limitations of the current study
include the having a small number of patients (15 pts)
and lack of any comparison group to draw a statistical-
ly significant result from the hypothermia technique. As
widely known, the patients with significant coronary
and carotid artery disease are very rare. This selected
group of patients mostly encountered during the inves-
tigation of a coronary disease. In our study, all patients
were diagnosed bilateral carotid disease during the
physical examination in the hospital by duplex carotid
ultrasound. Regarding comparison group, we did not
design a group which managed traditionally to compare
the efficacy of the hypothermia technique. Under the
theoretical knowledge, we believe that these kinds of
patients should be operated using the combined proce-
dure for better and safer cerebral protection other than
techniques such as staged or reverse staged operations.
Therefore, we operated all patients with combined sig-
nificant bilateral carotid and coronary disease under the
hypothermia technique.
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