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ABSTRACT
Objective: Optimal surgical approach for patients with hemodynamically significant
carotid and cardiac disease remains controversial.
Methods: Total of 370 randomized patients who underwent 412 carotid endarterectomies (42 cases were bilateral) and cardiac surgery between 2009 and 2014 were
enrolled in the study. All patient data, including demographic details, risk factors,
immediate perioperative events, 30-day and long-term outcome, were prospectively
recorded and then analyzed statistically as mean and SD.
Results: Of the patients, 29.4% (n=108) were female and 70.6% (n=262) were
male. Mean age was 64 years (range: 42–86 years). In all, 37.03% (n=137) of the
patients were defined as symptomatic. Asymptomatic severe carotid artery stenosis
(≥70%) was diagnosed in 62.98% (n=233) of the patients. Mean observation time in
intensive care unit following surgery was 2.84 (±1.20) hours and total hospital stay
was 3.72 (±1.64) days. Restenosis was diagnosed in 7 (1.69%) of the patients during
follow-up. Rate of cardiac events and stroke in postoperative early term were 2.94%
and 0.72%, respectively.
Conclusion: Awake carotid endarterectomy is safe and reliable procedure. Patient
consciousness can be optimally evaluated during operation with regional anesthesia,
thereby allowing for precise determination of need for shunt and avoiding unnecessary use.

INTRODUCTION
Stroke ranks third after heart disease and cancer as leading
cause of death. Carotid artery stenosis, the most investigated etiological factor of stroke, is responsible for 30%
to 35% of all ischemic strokes.[1,2] Other causes include
fibromuscular disease, cystic medial necrosis, arteritis, and
arterial dissection. Carotid artery stenosis of 70% of the
lumen is considered significant, and increases risk of ipsilateral embolic stroke 2 to 3 times.[2]
Most common cause of carotid artery stenosis is atherosclerosis.[3] Carotid endarterectomy is currently standard

method of revascularization in treatment of severe carotid
artery stenosis. Randomized, controlled, multicenter studies, and meta-analysis have examined results of carotid
endarterectomy performed in cases with varying degrees
of symptomatic and asymptomatic carotid artery stenosis, and procedure has been shown to reduce incidence
of stroke and death.[4–6] There is increased incidence of
carotid artery disease and coronary artery disease (CAD)
in elderly patients. Priority of pathology and proper timing
for surgery in such cases is still subject to debate.[7–12] Coincidental carotid artery disease has been detected in 8%
to 14% of coronary artery bypass patients.[13] Some 40%
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to 50% of patients who undergo carotid endarterectomy
have CAD.[14] Perioperative risk of myocardial infarction
(MI) has been reported to be 17% for carotid endarterectomy in patients with untreated CAD and 20% risk of
death. Similarly, untreated carotid artery disease carries
risk of stroke after coronary bypass.[15,16]
Although neurological functions of the patient can be fully
monitored in vigilant carotid endarterectomy, selection of
anesthesia for patients undergoing coronary bypass operation and choice of synchronous or phased approach to
treatment remain controversial.
In this study, characteristics of patients who underwent
carotid endarterectomy with regional anesthesia before
cardiac surgery and early and long-term outcomes of these patients were investigated.

MATERIAL AND METHODS
Patient selection
Total of 370 patients who underwent 412 carotid endarterectomy procedures with regional anesthesia between
2009 and 2014 were included in the present study. Details
of demographic data, preoperative risk factors, perioperative, postoperative complications, early (first 30 days) and
late neurological findings were examined for all patients.
The ethics committee of Istanbul Mehmet Akif Ersoy Thoracic and Cardiovascular Surgery Education and Research
Hospital approved the study, written informed consent
was obtained from all the patients, and study was conducted according to the Helsinki Declaration.
Doppler ultrasonography (USG) was performed on all pa-

tients and diagnosis was confirmed with digital subtraction
angiography, computed tomography (CT) or magnetic resonance (MR) angiography. Patients with symptomatic cerebrovascular disease and moderate or severe carotid stenosis requiring treatment, and cardiac patients with stable
angina of New York Heart Association class I or II were
enrolled in the study. Cardiac operation was performed 1
week after carotid endarterectomy procedure unless there was specific condition or complication (Table 3).

Anesthesia technique
The same surgical team performed all operations. All neurological symptoms were recorded preoperatively and perioperatively. Deep and superficial cervical block anesthesia were administered to all patients. Deep cervical plexus
block of C2-3-4 cervical nerve dermatomes was combined
with 5 to 10 mL of 0.25% bupivacaine and 1% prilocaine injection followed by superficial cervical plexus block.
Superficial cervical plexus block of 15 to 20 mL of 1% lidocaine was administered to achieve subcutaneous tissue
infiltration in the posterior head region of the sternocleidomastoid muscle. Complete and thorough assessment of
all patients included intraoperative hemodynamics, arterial monitoring, evaluation of neurological consciousness
and cooperation, and motor function testing using plastic,
compression ball in contralateral hand.

Surgical technique
Patients were awake and cooperative during continuous
monitoring of neurological condition. Intravenous 5000 IU
heparin was administered to all patients before clamping.
Controlled hypertension was maintained by the anesthe-
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Figure 1. Presentation of carotid endarterectmy with loco-regional anaesthesia. (a) Preparation of patient for
regional anaesthesia, (b) exploration of carotid arteries, (c) atheromatous plaque removed after arteriotomy,
(d) apperance of inner side of arterial lumen after endarterectomy, (e) direct suturing of arteriotomy, and
(f) macroscopic appereance of removed atheromatous plaque.
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tist during carotid clamping. Anesthetist tested state of
consciousness with verbal stimuli and confirmed motor
functions. Operation was performed if no neurological
changes were observed within 5 seconds after carotid
clamping. If change in consciousness occurred during clamping, decision was made to use vascular shunt during operation. Standard surgical technique is atherosclerotic plaque removal and carotid artery reconstruction (Figure 1).
Following the operation, the patient remained in intensive
care unit for 2 to 4 hours before transfer to room. Data
regarding operative time, cross-clamp time, complications
within 30 days associated with operation were recorded.
Subsequent checks were made by the neurologist on the
30th day and every 6 months on follow-up.

Short-term follow up
Postoperatively, patients were monitored in intensive care
unit until hemodynamically stable. Any neurological deficit
was checked by a neurologist, and if necessary, cranial CT
scan was performed. Patients were assessed with National
Institutes of Health Stroke Scale and Rankin Scale. Shortterm neurological deficits were evaluated as transient neurological deficits. Rankin score of 2 or less and few lacunar
changes were accepted as good prognostic neurological
sequelae of sensorimotor stroke. Motor hemiparesis, hemiplegia, and Rankin score of 3 or more were evaluated
as poor prognosis. Patients were also evaluated for perioperative MI.

Early and mid-term follow up
All patients were evaluated on postoperative 7th and 30th
days, and again every 6 months by a neurologist, cardiologist, and surgeon. Average follow-up period was 52
months. (range: 12–65 months). Carotid Doppler USG
was performed every 6 months.

Statistical analysis
Statistical analysis was conducted using IBM SPSS Statistics for Windows, Version 20.0. (IBM Corp., Armonk, NY,
USA). Data are presented as mean and SD for continuous
data and numbers (percentage) for categorical data.

Table 1.
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Patient’s characteristics

		

n

(%)

Age, Mean±SD (min-max)

63.8±9.4 (42–86)

Female

108

29.4

Male

262

70.6

Body mass index (kg/m ), Mean±SD

27.6±4.6

2

Hypertention

326

88.1

Diabetes Mellitus

87

23.51

Left ventricle dysfunction (<40%)

51

13.78

Renal dysfunction

68

18.37

Chronic obstructive pulmonary disease

126

34.05

Smoking

136

36.75

Peripheric arterial disease

79

21.35

ASA II

137

37

ASA III

233

63

Contralateral carotid disease

42

11.35

Neurological status
Asymptomatic

233

62.97

Symptomatic

116

31.35

Stroke

21

5.67

TIA

DM: Diabetes mellitus; COPD: Chronic obstructive pulmonary disease;
PAD: Periferic arterial disease; LVEF: Left ventricle ejection fraction; TIA:
Transientischemic attack; Continous data are presented as mean±standard
deviation, categorical data as number (%).

Table 2.

Perioperative and postoperative findings

		

n

Carotid shunt

41

Carotid clamping (time/min), Mean±SD

(%)
9.95

23.95±15.6

Carotid closure technique
Direct suture

70

16.99

Patchplasty

330

80.34

Eversion

12

2.91

Left

145

35.19

Right

225

54.62

Bilateral

42

10.19

Side of surgery

RESULTS
Total of 412 carotid endarterectomies were performed on
370 patients under regional anesthesia in between 2009
and 2014. Demographic characteristics of the patients
are presented in Table 1; 29.4% (n=108) of the patients
were female and 70.6% (n=262) were male. Mean age was
64 years (range: 42–86 years). After preoperative physical examination and evaluation, 37.03% (n=137) of the
patients were classified as symptomatic. Asymptomatic
severe carotid artery stenosis (≥70%) was diagnosed in
62.98% (n=233) of the patients. Carotid artery stenosis

Surgical care unit stay (hours), Mean±SD

2.84±1.20

Hospital stay (days), Mean±SD

3.72±1.64

SD: Standard deviation.

was confirmed by CT and angiography. Mean length of
time of cross-clamp of the carotid artery was 23.95 (±15)
minutes. We performed bilateral carotid endarterectomy
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in 15.53% (n=64) of the patients; 42 underwent second separate operation for contralateral side. We used intraarterial shunt in 41 (9.95%) patients during operation. Primary
suturing was used in 70 (16.9%) patients for closure of
arteriotomy. Patch plasty was required in 330 (80.34%) patients. In 12 (2.91%) patients, eversion technique was performed to repair arteriotomy. Follow-up parameters after
surgery are provided in Table 2. Length of observation in
intensive care unit following operation was 2.84 (±1.20)
hours, and total hospital stay was 3.72 (±1.64) days. Restenosis was diagnosed in 7 (1.69%) of the patients during
follow-up period. Two patients underwent redo carotid
endarterectomy, while stent implantation was performed
for remaining 5 patients. Perioperative and early postoperative complications were classified as cardiac, pulmonary, or neurological. When compared to the literature
Table 3.

Additional cardiac operations

		

n

(%)

CABG

282

76.22

CABG+AVR

41

11.08

CABG+ MVR+TVP

5

1.36

CABG +MVP

10

2.70

CABG+ Bentall+MVP+TVP

16

4.32

CABG+MVP+ascending aortic replacement

4

1.08

CABG+ABF

7

1.89

CABG+Aorto-Subclavian bypass

5

1.35

CABG: Coronary artery bypass graft; AVR: Aortic valve replacement; MVR:
Mitral valve replacement; TVP: Tricuspid valvuloplasty; MVP: Mitral valvuloplasty; ABF: Aorto-bifemoral bypass.

Table 4.

Postoperative adverse outcomes in the first
month, mortality and stroke

		

n

(%)

Hematoma

13

3.15

Hoarseness

5

1.35

Cranial nerve palsy

3

0.72

Pulmonary complications

5

1.35

Neurological events

4

0.98

Cardiac events

*

6

2.94

Carotid restenosis (>50% of diameter)

7

1.69

Mortality

6

1.45

Stroke

3

0.72

Postoperative morbidity

Postoperative mortality and stroke
in early term (30 days)

New onset cardiac event during postoperative period.

*

regarding carotid endarterectomy with general anesthesia,
rate of cardiac complications was similar (2.94% and 3.7%);
however, fewer pulmonary complications occurred (1.35%
and 8.33%). Number and frequency of patients who suffered early neurological events, such as stroke and transient
ischemic attack (TIA) after operation, were similar to literature data as well (0.98% and 0.72%) (Table 4).

DISCUSSION
Surgical endarterectomy is standard and reliable approach
in treatment of atherosclerotic stenosis of the carotid artery. Endovascular interventions (carotid angioplasty and
stent implantation) have also become popular. Although
various studies have confirmed advantages of these less
invasive procedures, especially for elderly and high-risk patients, more detailed and long-term research is needed.[17]
North American Symptomatic Carotid Endarterectomy
Trial (NASCET) and European Carotid Surgery Trial
(ECST) are the most important and widely accepted studies regarding carotid surgery. Carotid endarterectomy is
recommended in asymptomatic patients, if detected stenosis is greater than 85% and 70% according to NASCET
and ECST, respectively. Experience of the medical center
and coexisting risk factors are important in surgical decision. Benefits of surgery are closely related to grade of
stenosis and perioperative complications. According to
NASCET and ECST data, female sex; recent TIA, stroke,
or retinal ischemia; and comorbid CAD are risk factors
most likely to lead to perioperative complications.
Studies have demonstrated that carotid endarterectomy
reduces mortality and cerebrovascular events in patients
with carotid artery stenosis. However, severity of the stenosis is significant with respect to potential benefits of surgery. Results of NASCET indicated surgery reduced risk of
mortality 12.5% in patient with severe (70–99%) stenosis,
but only 5% in patient with moderate (50–69%) stenosis.
According to ECST report, endarterectomy reduced mortality 12.9% in cases of severe (70-99%) stenosis, and there
was similar smaller decrease in risk of mortality in patients
with moderate stenosis. Carotid endarterectomy is not
useful in cases with less occluded arteries.[18,19]
Carotid endarterectomy in awake patient allows close
follow-up of neurological functions and decision regarding
necessity of intraarterial shunt during surgery. Use of intraluminal shunt and general anesthesia are routinely recommended in most studies, but unpleasant complications
during placement of shunt into the internal carotid artery
are well known.[20-24]
Anesthesia is the one of the most controversial issues of
carotid endarterectomy. Detailed studies have reported
cervical blockage has better results concerning perioperative stroke and cardiac events, such as arrhythmia and
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infarction.[21] We also prefer regional anesthesia in appropriate patients. Certainly, evaluation of perioperative
cerebral ischemia is very important for both. There are 2
methods to detect possible cerebral ischemia: direct method includes electroencephalogram (EEG), and followingup consciousness and cerebral potential responses, and
indirect method, comprising transcranial Doppler, jugular
vein oxygen pressure, and carotid artery stump pressure.
In most studies, only 1 method was used in order to compare other parameters statistically. Intraluminal shunt use
increased 20% to 25% in studies using EEG for cerebral
monitoring, while 7% decrease was observed in patients
who underwent carotid endarterectomy under regional
anesthesia, which allows evaluation of consciousness and
responses.[22,23] Furthermore, EEG cannot always detect
perioperative cerebrovascular events. Regional anesthesia
and awake patient provide precise information and evaluation, facilitating decision about shunt according to the
case. Most studies have found better results in terms of
perioperative neurological complications with regional
anesthesia compared with general anesthesia.[22,23] Rate of
use of intraluminal shunts in carotid endarterectomy was
10% to 15% in the literature.[24,25] We used shunts in 2 patients (9.5%) who had critical contralateral carotid artery
stenosis. Melliere et al. compared general anesthesia group with regional anesthesia group in study involving 670
patients who underwent carotid endarterectomy. Rate of
intraluminal shunt usage was 16.3% in general anesthesia
group and 8.4% in regional anesthesia group. That study
also demonstrated greater rate of perioperative neurological complications in general anesthesia group.[26]
Studies concerning restenosis after carotid surgery are
few. Some have recommended patch plasty to prevent
restenosis or occlusion. However, longer operative time,
and risk of rupture or aneurysm have been reported as disadvantages of patch plasty in some studies.[27,28] Myers et
al. compared patch plasty and primary closure in terms of
restenosis. No significant difference was found, but study
did not include females or patients whose internal carotid
artery diameter ≤5 mm.[29] AbuRahma et al. demonstrated
superiority of patch plasty in study of 399 patients. Restenosis rate was 34% in primary closure group, 2% in polytetrafluoroethylene graft group, and 9% in vein graft group.[30] Present study results were patch plasty performed
in 330 patients (80.3%), primary closure in 70 patients
(16.9%), and eversion technique in 12 patients (2.91%). Facial vein was used as graft in eversion technique, and used
polyester grafts were used for patch plasty procedures.
Restenosis was detected in 7 patients; 4 in primary closure
group, 2 in eversion group, and 1 in polyester graft group.

Conclusion
Awake carotid endarterectomy is safe and reliable method. Under regional anesthesia, patient consciousness can
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be optimally evaluated during operation, enabling precise
determination of need for shunt and avoiding unnecessary
use of shunt. This anesthesia technique reduces risk of
stroke and cardiac complications in patients with heart
disease.
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Kardiyak Cerrahiye Giden Hastalarda Uyanık Karotid Endarterektomi:
Altı Yıllık Deneyimimiz
Amaç: Kardiyak cerrahiye giden ve anlamlı hemodinamik karotis darlığı olan hastalarda en uygun cerrahi yaklaşım hala tartışmalıdır.
Gereç ve Yöntem: 2009–2014 yılları arasında kardiyak cerrahi planlanan 370 hastaya (42 hastada iki taraflı karotis darlığı vardı) 412 karotid
endarterektomi uygulandı. Tüm hastaların demografik verileri, risk faktörleri, peroperatif bulguları, 30. gün bulguları ve uzun dönem bulguları
altı ayda bir kaydedildi. Veriler standart sapma ve ortalama olarak değerlendirildi.
Bulgular: Hastaların %29’u (n=108) kadın ve %70.6’sı (n=262) erkekti. Ortalama yaş 64 (dağılım, 42–86). Hastaların %37.03’ü (n=137)
semptomatikti. %70 ve üzeri kritik karotis darlığı olan hastaların %62.98 (n=233) semptomsuzdu. Ameliyat sonrası yoğun bakım takip süresi
ortalama 2.84±1.20 saat ve hastanede yatış süresi 3.72±1.64 gündü. Takip sürecinde hastaların yedisinde (%1.69) yeniden darlık oluşmuştu.
Erken dönemdeki kardiyak komplikasyon ve inme oranları %2.94 ve %0.72 idi.
Sonuç: Kardiyak cerrahiye gidecek karotis endarterektomi hastalarında, kombine ya da aşamalı yapılmasının birbirlerine bazı üstünlükleri
bulunmaktadır. Aşamalı yaklaşım intraluminal şant kullanımını azalttığından nörolojik riskleri azaltmaktadır. Uyanık karotid endarterektomi
güvenli bir yöntemdir. Hastanın bilinç durumu tam olarak değerlendirilebildiğinden, şant ihtiyacına tam olarak karar verilebilmekde ve gereksiz şant kullanımı ve riskleri azalmaktadır.
Anahtar Sözcükler: Bölgesel anestezi; kardiyak cerrahi; karotid endarterektomi.

