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Abstract

Aim: Surgical strategies in carotid endarterectomy (CEA) vary according to the method of anesthesia, neurological monitoring, shunt use, and 
closure methods, and the gold standard method has not yet been determined. In this study, we aimed to analyze the superiority and feasibility of 
CEA under general anesthesia and regional anesthesia. 
Material and Methods: Demographic characteristics, operative information and follow-up results of 237 patients who underwent CEA between 
January 2015 and June 2020, 165 patients under regional anesthesia (RA: Group 1) and 72 under general anesthesia (GA: Group 2), were 
retrospectively analyzed. In Group 1, carotid shunt was placed in patients with a negative awake test (n: 21, 12.7%) and in Group 2 carotid shunt 
was placed in all cases. 
Results: There was no statistically significant difference in postoperative stroke, transient ischemic attack (TIA) and cardiovascular mortality 
(p: 0.48; p: 0.30; p: 0.63, respectively). Although the operation and clamp time were shorter in Group 1, no significant difference was observed 
(97.93±11.02 min, 101.46±9.49 min p: 0.23; 19.60±5.62 min, 25.62±7.47 min p: 0.24, respectively). The duration of intensive care unit (ICU) stay 
was shorter and statistically significant in Group 1. (p: 0.003). There was no significant difference for restenosis rates (p: 0.34). 
Conclusion: There was no significant increase in postoperative complications in the RA group compared to the GA group despite shunting according 
to the awake test. Also, patients who underwent RA stayed in ICU for a shorter period of time. CEA can be performed under both GA and RA with 
similar complication rates.
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INTRODUCTION

Carotid endarterectomy (CEA) is the standard procedure for 
stroke prevention in patients with atherosclerotic carotid stenosis 
[1]. The goals of CEA are to prevent cerebral infarction due to 
carotid artery stenosis and to alleviate neurologic symptoms, 
thereby improving patients' quality of life. In the prevention 
of major strokes, CEA has been shown to be superior to other 
medical therapies in cases with asymptomatic carotid stenosis 
over 70% and ipsilateral symptomatic carotid stenosis over 50% 
[2]. However, CEA itself carries a risk of stroke and death [3]. 

Various studies have shown that there is no definitively proven 
superiority in terms of anesthesia method and shunt use [4-
6]. In this study, we aimed to compare the perioperative and 
postoperative outcomes of CEA cases performed under general 
anesthesia (GA) and regional anesthesia (RA) in our center.

MATERIAL AND METHODS

The study is based on the guidelines stipulated in the Declaration 
of Helsinki. Since the Afyonkarahisar Health Sciences University 
Clinical Research Ethics Committee (2021/10- 2011-KAEK-
2) approved this study as an electronic medical record-based 
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retrospective study, it was not necessary to obtain informed 
consent from the patients before participation in the study.

Patient Characteristics

Clinical data of 237 patients who underwent CEA between 
January 2015 and June 2020 at Afyonkarahisar Health Sciences 
University Hospital were obtained from the files and analyzed 
retrospectively. Patients were divided into two groups: under 
regional anesthesia (RA group, Group 1, n=165) and under general 
anesthesia (GA group, Group 2, n=72). The method of anesthesia 
was determined according to the patient's comorbidities, the 
surgeon's preference and the patient's choice. 

All patients were evaluated preoperatively with carotid CT 
angiography in addition to carotid doppler ultrasonography. 
Patients with transient ischemic attack (TIA) or stroke in the 
preoperative 3-month period were defined as symptomatic 
patients. The degree of stenosis was determined according to 
the algorithm used in the North American Symptomatic Carotid 
Endarterectomy trial [1]. According to the degree of stenosis, 
surgery was performed in symptomatic patients with lesions over 
50% and in patients with lesions over 70% regardless of symptoms. 
Emergency CEA or bilateral CEA was not administered to any 
patient. Sample size was calculated with g power.

All patients were preoperatively examined in detail. GA was 
administered in patients who could not undergo awake test, 
who had a relatively high carotid bifurcation, impaired bleeding 
function tests, skin infection or impaired tissue integrity at the 
site of RA and who asked for GA. On the other hand, RA was 
applied in elderly patients in whom GA was deemed high risk, in 
patients with severe cardiac and pulmonary insufficiency, those 
in whom endotracheal intubation was thought to be difficult, and 
who requested RA.

Anesthesia 

Regional anesthesia

Cervical plexus block (CPB) is the most commonly used technique 
in CEA operations. Although the landmark method can also be 
used, we used the ultrasound-guided approach which is safer and 
more effective. Arterial blood pressure, 5 lead ECG, pulmonary 
oxygen saturation and near infrared spectroscopy (NIRS) were 
monitored. To achieve total cervical plexus blockage, 1.4 mg/kg 
bupivacaine (i.e. approximately 25 ml of 0.375% bupivacaine) 
was used [7].

Since the awake test is the most reliable method to detect 
hypoperfusion [8], an awake test including commands such as 
talking, toe flexion-extension, and grasping a plastic ball was 
performed 5 minutes before clamping the carotid artery. After 
clamping, the awake test was repeated immediately and every 5 
minutes afterward. A carotid shunt was used for patients who had 
problems in the awake test.

General anesthesia

Arterial blood pressure, 5 lead ECG, pulmonary oxygen 
saturation and NIRS were monitorized. After induction of 
anesthesia with propofol (2 m/kg) and rocuronium (0.6 mg/kg) 
injections, the patients were intubated. Surgery was performed 
under remifentanil (0.05-2.00 μg/kg/min) and 2% sevoflurane [9]. 
A carotid shunt was used in all patients.

Surgical Technique

A skin incision was made along the anterior border of the 
sternocleidomastoid muscle extending to the jugular process. The 
common carotid, internal carotid, external carotid and superior 
thyroid arteries were dissected and rotated with tapes. After 
administration of 100 IU/kg unfractionated heparin, vascular 
clamps were placed on each vessel. Arteriotomy was applied 
to the region of plaque. With the help of an elevator, the plaque 
was separated from the endothelium. After that, the vessel 
lumen was flushed with heparinized solution to protect against 
thromboembolism. Arteriotomy was closed with a biological 
pericardial patch (Xenosure biologic patch, Lemaitre, USA) 
in all patients. Firstly, pericardial patch was removed from the 
container, it was submerged in the sterile saline. Using the same 
forceps, we gently agitated the patch in the basin. It remained in 
the rinse container until requested by the surgeon. We preferred 
biological pericardial patches to carotid fabric patches because 
they are more biological and adjustable in width and length.

Postoperative Care

All patients who underwent CEA were intubated and admitted 
to the Intensive Care Unit (ICU) in the postoperative period. 
Patients taken under GA were extubated after full consciousness 
and muscle recovery was maintained. Detailed neurological 
examination of each patient was carried out. Patients with 
no complications and stable vital signs were transferred to the 
inpatient ward. They were closely observed for signs of potential 
wound hematomas, infections and neurological complications. 
After discharge, patients were followed up at 3-month intervals: 
Neurological examinations were done, the wound sites were 
checked and carotid doppler ultrasonography was performed to 
detect possible restenosis.

Statistical Analysis

Normally distributed variables were expressed as mean and 
standard deviation, non-normally distributed variables were 
expressed as median and IQR, and categorical variables were 
expressed as percentage. To compare pre- and post-treatment 
values, chi-square was used for categorical variables, paired T test 
was used for normally distributed ones, and Wilcoxon test was 
used for non-normally distributed ones. Kolmogorov Smirnov test 
was used to test normality. All statistical analyses were performed 
using R Statistical software version 3.2.2 (R Foundation for 
Statistical Computing, Vienna, Austria). A p-value less than 0.05 
was considered statistically significant.



DOI: 10.9739/tjvs.2024.04.017Turk J Vasc Surg 2024;33(2):71-7

73

RESULTS

Of the 237 patients who underwent CEA, 195 (82.3%) were male 
and the mean age was 70.08±8.65 years. There was no statistical 
difference in terms of age, gender and comorbid diseases (Table 
1). Demographic characteristics and comorbid diseases of the 
patients are shown in Table 1.

Carotid artery stenosis was detected incidentally in 39 (16.5%) 
patients without symptoms. Symptomatic patients most 
commonly presented with hemispheric infarction (n=132, 55.7%) 
(Table 1). The information about carotid artery imaging methods 
is detailed in Table 2.

Surgical time and cross-clamp time were shorter in Group 1, 
but no statistical difference was identified (97.93±11.02 min; 
101.46±9.49 min; p 0.23; 19.60±5.62 min; 25.62±7.47 min; 
p=0.24, respectively). In Group 1, 21 (12.7%) patients with the 
negative awake test were shunted (Table 3).

Although respiratory problems were most prevalent in the 
postoperative period, no significant difference was seen (p=0.06). 
There was no statistical difference in terms of nerve damage 
(p=0.21), wound hematoma (p=0.66), wound infection (p=0.48) 
and in-hospital mortality (p=0.09). The patients with hematoma 

and infection at the wound site were followed up and infection 
recovered without any surgical intervention. Among those with 
nerve injury, 3 patients suffered from recurrent laryngeal and 6 
developed hypoglossal nerve damage, and no permanent results 
showed up in the 6-month follow-up. Of the 15 (6.3%) cases who 
needed blood transfusion, 12 were from the GA group and this 
difference was statistically significant (p=0.02). The mean number 
of days the patients stayed in the ICU was 1.51±3.26 and GA 
patients remained longer (p=0.003). Operative and postoperative 
data are provided in Table 3.

Patients were followed up for a mean of 27.23±20.3 months in 
the postoperative period. Eight participants (3.3%) experienced 
carotid artery restenosis, which is defined as more than 70% 
stenosis of the carotid artery, and there was no significant 
difference (p=0.34). Although stroke occurred in 4 (1.6%) of the 
participants, the cause was the contralateral carotid artery in 3. 
There was no significant difference in the development of stroke 
(p=0.48). During this period, mortality occurred in 12 (5.1%) 
patients and the cause was aspiration pneumonia in 3 and coronary 
artery disease for the others. No significant difference was seen 
in terms of mortality rates (Group 1; n=9, 5.6%; Group 2; n=3, 
4.2%; p=0.63). The information during the follow-up period can 
be seen in Table 4.

Table 1. Characteristic of patients

Characteristic Total
(n=237)

Regional anesthesia
(n=165) 

General anesthesia
(n=72) p

Age (yr) 70.08±8.65 69.25±9.5 71.96±6.03 0.423

Male 195 (82.3) 135 (21.8) 60 (83.3) 0.573

Comorbidity

Hypertension 177 (74.7) 120 (72.7) 57 (79.2) 0.545

Coronary artery disease 150 (63.3) 108 (65.5) 42 (58.3) 0.546

Diabetes mellitus 111 (46.8) 81 (49.1) 30 (41.7) 0.543

Angina 93 (39.2) 72 (43.6) 21 (29.7) 0.226

Hyperlipidemia 84 (35.4) 54 (32.7) 30 (41.7) 0.445

Chronic obstructive pulmonary disease 54 (22.8) 42 (25.5) 12 (16.7) 0.392

Myocardial infarction 33 (13.9) 279 (16.4) 6 (8.3) 0.489

Peripheral arterial disease 33 (13.9) 21 (12.7) 12 (16.7) 0.727

Chronic kidney disease 21 (8.9) 12 (7.3) 9 (12.5) 0.429

Current or ex-smoker 72 (30.4) 45 (27.3) 27 (37.5) 0.363

Neurological symptoms

Asymptomatic 39 (16.5) 30 (18.2) 9 (12.5) 0.744

Symptomatic

Hemispheric infarct 132 (55.7) 99 (60) 33 (45.8) 0.244

Hemispheric TIA 48 (20.3) 21 (12.7) 27 (37.5) 0.017

Retinal infarct 9 (3.8) 9 (5.5) 0 (0) 0.549

Retinal TIA 9 (3.8) 6 (3.6) 3 (4.2) 0.668

Values are presented as mean±standard deviation or number (%); TIA: transcient ischemic attack; P values calculated by Pearson Chi-Square, paired T Test and 
Wilcoxon test
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Table 2. Characteristics of carotid arteries

Characteristic Total
(n=237)

Regional anesthesia
(n=165) 

General anesthesia
(n=72) p

Peak systolic velocity of CCA on doppler ultrasound 52.51±14.97 53.77±14.33 49.71±16.25 0.140
Peak systolic velocity of ICA on doppler ultrasound 138.37±38.76 133.22±28.52 150.17±54.56 0.368
Carotid artery stenosis on doppler ultrasound 

50-69% 24 (10.1) 21 (12.7) 3 (4.2) 0.363
>70% 213 (89.9) 144 (87.3) 69 (95.8) 0.423

Carotid artery stenosis on computed tomography
50-69% 9 (3.8) 9 (5.5) 0 0.392
>70% 228 (96.2) 156 (94.5) 72 (100) 0.549

Contralateral carotid stenosis on computed tomograpy
<50% 81 (34.2) 57 (34.5) 24 (33.3) 0.543
≥50 156 (65.8) 108 (65.5) 48 (66.7) 0.917

Values are presented as mean±standard deviation or number (%); CCA: common carotid artery, ICA: internal carotid artery; P values calculated by Pearson Chi-
Square, paired T Test and Wilcoxon test

Table 3. Operative details and outcomes of carotid endarterectomy  

Variable Total
(n=237)

Regional anesthesia
(n=165) 

General anesthesia
(n=72) p

Carotid endarterectomy side
Right-sided CEA 117 (49.4) 72 (43.6) 45 (62.5) 0.147
Left-sided CEA 120 (50.6) 93 (56.4) 27 (37.5) 0.123

Operative time (min) 108.11±18.75 97.93±11.02 101.46±9.49 0.231
Clamp time (min) 24.77±10.02 19.60±5.62 25.62±7.47 0.243
Usage of shunt 93 (39.2) 21 (12.7) 72 (100) <0.001
Complications

Respiratory 18 (7.6) 6 (3.6) 12 (16.7) 0.066
Nerve injury 9 (3.8) 3 (1.8) 6 (8.3) 0.218
Hematoma 5 (2.1) 3 (1.8) 2 (2.7) 0.668
Wound infection 3 (1.2) 3 (1.8) 0 0.482
In-hospital mortality 6 (2.5) 0 6 (8.3) 0.090

Use of intravenous painkiller 27 (11.4) 21 (12.7) 6 (8.3) 0.445
Use of intravenous blood pressure control drug 27 (11.5) 24 (14.5) 3 (4.2) 0.173
Blood transfusion 15 (6.3) 3 (1.8) 12 (16.7) 0.028
Intensive care unit stay (day) 1.51±3.26 1.07±0.26 2.5±5.87 0.003
Hospital stay (day) 3.48±3.05 3.05±1.07 4.46±5.23 0.394

Values are presented as mean±standard deviation or number (%); CEA: carotid endarterectomy; P values calculated by Pearson Chi-Square, paired T Test and 
Wilcoxon test

Table 4. Outcomes of postoperative follow up

Variable Total
(n=237)

Regional anesthesia
(n=165) 

General anesthesia
(n=72) p

Carotid artery restenosis
≥70% 8 (3.3) 6 (3.6) 2 (2.7) 0.341
Stroke 4 (1.6) 4 (2.4) 0 0.482
TIA 3 (1.3) 0 3 (4.2) 0.304
Mortality 12 (5.1) 9 (5.6) 3 (4.2) 0.639

Values are presented as mean±standard deviation or number (%); P values calculated by Pearson Chi-Square, paired T Test and Wilcoxon test
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DISCUSSION

Based on the findings of this study, surgery and cross-clamping 
times were found to be longer for Group 2. The utmost advantage 
of RA is eluding nonessential intraluminal shunt. Diminishing the 
usage of shunts in patients with RA was effective in shortening 
the operation time. The shunt itself can carry forward the 
atheroma plaque through the distal bed, cause intimal damage, 
and create a potential new source of intraoperative or early 
postoperative thrombosis. This may also lead to postoperative 
restenosis [10]. Despite the shunt being used in all patients in 
the GA group, no significant difference was noted in terms of 
postoperative complications. In addition, patients taken under 
GA required more blood transfusions. We assume that this 
disparity is due to the administration of GA in patients with 
abnormal bleeding function tests in the preoperative evaluation. 
As blood transfusion is, in a sense, tissue transplantation, it 
constitutes a big problem with regard to possible complications. 
Moreover, the postoperative ICU stay of patients taken under GA 
was detected to be longer (P=0.003). Prolonging this period leads 
to psychological disorders and increased health expenses. 

Carotid artery stenosis is more commonly seen in the geriatric 
population. The age distribution of patients in the research was 
comparable (p=0.42) with 82.3% of the patients being male. No 
significant difference was detected between the two groups in 
terms of gender (p=0.57) and gender distribution was found to 
be coherent with the literature [11]. No significant difference was 
noted between both groups with regard to comorbid diseases. 
A comprehensive analysis involving 22.845 patients found no 
discernible disparity in death rates between GA and RA, and 
furthermore the study’s conclusions closely aligned with our own 
findings [12]. In another study, the GALA study (Lancet, 2008) 
carried out on 3.526 patients from 95 centers in 24 countries, 
no difference was detected between GA and RA with regard to 
perioperative mortality and morbidity; no difference in quality of 
life was noted in the short term, nor was there a difference in the 
1-year period without stroke or myocardial infarction (MI) [13]. 
In the National Surgical Quality İmprovement Program (NSQIP) 
study, the risk of postoperative MI was found to be higher in 
CEA performed under GA; therefore, it was pointed out that CEA 
under RA might be preferred for patients at postoperative MI risk 
[14]. In another research by Markovic et al., it was stated that the 
type of anesthesia did not affect the surgical outcomes of CEA, 
and they showed that local techniques were associated with fewer 
respiratory complications, a later first postoperative analgesic 
requirement, and a more waking patient after surgery as well 
[15]. In our opinion, the anesthesia method to be implemented 
should be preferred regardless of comorbid diseases. Regional 
anesthesia in CEA has been shown to be safe and efficient in 
patients with serious comorbid diseases as well [16]. 

Operation time and carotid artery clamp time were detected 
to be longer in Group 2 (p<0.001). We assume that the reason 

is that, a shunt was utilized in all patients and the shunt could 
obstruct vision and make the surgery challenging, and in Group 
1, unnecessary shunt use was reduced and the surgeon was more 
comfortable. Operation and clamp time are directly associated 
with postoperative complications, and the length of the surgery 
plays a role in the development of hemodynamic instability. 
Furthermore, microplaques in the carotid artery subsequent 
to clamping are likely to cause cerebrovascular events. The 
susceptibility to cerebrovascular events increases as the clamp 
duration prolongs [17]. In our study, even though the operation 
and clamp time were longer in Group 2, no significant difference 
was noted in terms of postoperative complications. 

There is no consensus yet regarding the utilization of shunts [6]. 
Shunts were not routinely applied to patients since they may 
cause various complications such as plaque embolization from 
the carotid artery, air embolism, dissection, shunt occlusion, 
prolonged surgery time, and, indeed, blood flow disorder in 
the unilateral arm [18]. Besides, the awake patient is the gold 
standard for imaging cerebral function [19-22]. With this design, 
shunts were used in patients with problems in the awake test in 
RA Group.

The most frequent complication in patients throughout 
postoperative follow-up was respiratory failure. The majority of 
these patients were in Group 2, while no statistically significant 
difference was noted, and we believe that is associated with 
intubation. Another study revealed local methods were related 
to fewer respiratory complications, and it was found to be 
compatible with our study [23]. While nerve damage was 
observed in a total of 9 patients, no permanent damage occurred. 
We assume that temporary nerve damage is due to exclusion and 
edema in the nerve. There was no significant difference between 
the two groups with regard to hematoma and wound infection. 
The requirement for blood transfusion was found to be higher in 
Group 2 (p=0.02). We think that the reason why hematomas were 
encountered in more patients in Group 1 and more transfusion 
was required in Group 2 is due to the disorder in the bleeding 
functions and general condition of the patients in Group 2. 

The period of stay in the hospital and ICU for patients was shorter 
in Group 1. Antibiotic treatment was administered intravenously 
in hospitalized patients, and oral antibiotic therapy was sustained 
after discharge as well. We think that the reason for the higher 
rate of wound infections in this group of patients is associated 
with the shorter duration of hospital stay and the more frequent 
occurrence of hematomas. Besides, it should be remembered that 
as the period of stay in ICU prolongs, costs increase, and patients 
are negatively affected [5]. We believe that performing CEA 
under RA reduces costs and promotes patient comfort.

Mortality was observed in 6 patients (2.5%), and while all of 
these patients were in Group 2, no statistical difference was 
detected between both groups. The mortality rate is reported 
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below 3% in the literature and is consistent with our study [24]. 
Although there was no significant difference in terms of CEA-
associated complications, we assume that RA is safer and more 
efficient in patients with serious comorbidities, in line with the 
literature [25]. The need for postoperative blood transfusion was 
determined more in the GA group, compatible with the literature 
(p=0.02) [25]. We believe that RA may be more practical in CEA 
to avoid the undesirable side effects of blood transfusion. 

Throughout the mean follow-up period of 27.23±20.3 months, 
carotid artery restenosis occurred in a total of 8 (3.3%) patients, 
and no significant difference was identified (p=0.34). In another 
study, carotid artery restenosis was noted to be 14.7% in a 1-year 
period [26], and we speculate that it was higher in that study 
since the degree of restenosis was based on a stenosis of 50% 
and above. Stroke developed in 4 (1.6%) patients during follow-
ups. All these patients were in the RA group, and although no 
significant difference was observed, it was determined to be 1.4% 
in another study and is consistent with the literature [26]. During 
long-term follow-up, mortality was seen in 12 patients (5.1%) 
and no significant difference was found. Meanwhile, this rate 
was determined to be compatible with the literature [24]. The 
long term follow-up did not reveal any statistically important 
distinction between the two groups, leading us to conclude that 
RA is equally effective in GA.

CONCLUSION

General anesthesia is still the most preferred anesthesia method in 
CEA [19,27]. Moreover, there is no consensus on the anesthesia 
method for CEA yet, and both local anesthesia and general 
anesthesia are still debated issues. In our study, no difference was 
detected with regard to complications between the two groups 
in the postoperative period. Despite all, we believe that the 
anesthesia method should be decided by taking into account the 
personal preferences of the anesthesiologist and the surgeon, the 
patient's comorbidities, patient satisfaction, and the conditions 
of the present hospital; thus, lower morbidity and mortality rates 
may be achieved.
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