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Abstract
Objectives: We aimed to present the examination of the results of patients who underwent carotid endarterctomy due
to carotid artery stenosis and to compare our experience with the literature.
Methods: Thirty five patients who underwent carotid endarterctomy at Bozok University hospital between January
2013 and March 2020 were included in the study. Etiology, concomitant diseases, anesthesia type, surgery and postoperative complications were evaluated retrospectively.
Results: The mean age of the patients was 68±4.2. Of the patients, 27 were male and eight were female respectively.
Right carotid endarterectomy was performed in 19 (54.28%) patients and left carotid endarterectomy in 16 (45.71%)
patients. Thirty patients underwent surgery with general anesthesia and five patients underwent regional anesthesia.
No mortality was observed. The records of complications were as follows; transient ischemic attacks in four patients
(11.42%), difficulty in swallowing in two patients (5.71%), wound infection that improved with medical treatment in
one patient (2.85%) and hematoma in three patients (8.57%) respectively in postoperative early period.
Conclusion: Carotid endarterctomy is a surgery that can be performed with low mortality and morbidity when following the principles coming from the past and present.
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S

troke is one of the most important causes of morbidity and mortality worldwide. In developed countries,
it ranks second or third among the most common causes
of death.[1] Carotid artery stenosis is one of the most important causes of stroke and atherosclerosis plays a role in
one third of all strokes.[2] It has been shown that 5-12% of
the new strokes are due to carotid artery stenosis appropriate for revascularization.[3] Carotid endartectomy surgery (CEA), which was first performed in 1954 for carotid
artery stenosis and revascularization, is the most common
vascular surgery after coronary artery disease (CAD).[4] The
effectiveness of CEA in the treatment of symptomatic carotid atherosclerosis has been proven in randomized controlled trials.[5–7] European Society for Vascular Surgery;

ESVS) guide recommends absolute CEA in symptomatic
cases with more than 70% of stenosis. In the study named
Asymptomatic Carotid Artery Surgery Trial (ACST-1), it has
been shown that in asymptomatic patients, CEA significantly reduces the risk of developing strokes over a fiveyear period compared to patients receiving medical treatment. CEA reduces the frequency of stroke and mortality in
symptomatic and asymptomatic patients.[2,8,9]
CEA is used as a common process in the surgical treatment
of carotid stenosis.[10] 35 patients who underwent carotid
endarterctomy between January 2013 and March 2020
were included in the study. Etiology, operation time, postoperative complications were retrospectively examined.
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Methods
Thirty five cases who underwent carotid endarterctomy at
Bozok University hospital between January 2013 and March
2020 were retrospectively researched after the ethics committee approval was obtained for our study. Of the patients,
27 were male (77.14%), eight were female (22.85%). The
mean age was 68±4.2. The gender, age, symptoms, concomitant diseases and postoperative complications of the
patients were examined. Doppler USG was applied to the
patients above the age of 50 and preparing for cardiac or
peripheral surgery as a clinical routnine and to the patients
having symptoms related to carotid arterial diseases independently of age. Carotid computed tomography (CT) angiography or digital subtraction angiography (DSA) were
applied to the symptomatic patients having a report of 40%
or higher stenosis of carotid arteries according to the doppler USG and to the asymptomatic patients having a report
of 50% or higher stenosis. In the results of angiography,
cases with asymptomatic stenosis over 70% and symptomatic stenosis over 50% were included in the CEA operation
plan. Possible additional comorbidities and the presence of
CAD were investigated in patients, and coronary angiography (CAG) examinations were performed for patients before
undergoing CEA process. The history of additional diseases
of cases were as follows; hypertension in 23 (65.71%), COPD
in 16 (45.71%), hyperlipidemia in 12 (34.28%), peripheral artery disease in 11 patients (31.42%) and CAD in 17 (%) 48.57)
were determined. Five of the patients (14.28%) had a history of cerebro vascular event (CVE) within the preoperative
three months. Our general approach in CEA timing among
the patients having a recent CVE history was as follows; in
case of observing an infarct area less than 2 cm in brain CT,
patients without neurological deficit or having a fixed deficit, the surgery was performed 15 days after the last symptom. The patients having a larger infarct area or neurological
deficit were planned to undergo CEA at least 6 weeks later.
As preoperative medical treatment we apply 1x20 mg atorvastatin and acetylsalicylic acid 100 mg to each patient
before the operation, however, the dose of statin may increase according to the level of hyperlidemia. Clopidogrel
1x75 mg use is stopped 7 days before the operation and
2x1 sc 0.5 mg/kg enoxiparin is started instead and the last
dose is applied 12 hours before the operation. Demographic information and additional diseases of the patients are
shown in Table 1.

Surgical Technique
The patient lying on the operating table in the supin position is incisioned towards the parallel stereoclavicular
compound at the front edge of the sternocleidomastoid
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Table 1. Demographic information of patients and additional
diseases

Female
Male
Diabetes Disease
Smoker
Hypertension
COPD
Hyperlipidemia
Peripheral Arterial Disease
Coronary Artery Disease
Cerebro Vascular Event

Number (n)

Ratio (%)

8
27
19
14
23
16
12
11
17
5

22.85
77.14
54.28
40.00
65.71
45.71
34.28
31.42
48.57
14.28

COPD: Chronic obstructive pulmonary disease.

muscle. Subsequently, carotid bifurcation, common, internal and external carotid artery is found and excavated. It is
hung by vessel tapes and returned. Approximately 1-2 ml
local anesthesia is applied around the carotid artery bifurcation in order to prevent vagal tonus increase. Heparinization is performed intravenously at a dose of 40-80 IU/kg.
The clamping of the vessels is provided. After arterotomy,
which is made from the common carotid artery to the internal carotid artery in patients who will be operated by
shunt, shunt is placed and fixed by squeezing from the
proximal and distal parts. Plaque is carefully removed with
the help of plaque emitter in the internal carotid stenotic
segment. The inner part of the artery is carefully washed
several times with physiologic saline solution, and the remaining tissue fragments are removed. Arteriotomy can be
fixed either primarily by menas of 6-0 prolen sturation or by
patchplasty. As a patch, the autologous vein grafts, Dacron
or PTFE grafts, synthetic grafts can be used (Fig. 1). Hemovac drein is placed to prevent hematoma build-up at each
patient's wound site. Cases are followed by intraoperative
cerebral oximetry for cerebral moniterization purposes.

Results
Of the 35 cases, 16 (45.71%) were symptomatic and 19
(54.28%) were asymptomatic. In the last three months, 4
patients with CVE were given medical treatment during the
recovery period. They were operated six weeks after their
last symptom.
One patient with cerebral ischemic infarction below 2 cm
(0.45 cm) and critical stenosis was operated early on the
15th day as a result of the co-decision made with the neurology department, and no complication was observed.
Concomittant coronary artery bypass grafting (CABG) and
CEA surgeries were performed in one patient. Six patients
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Figure 1. Carotid endarectomy surgery stages.

having unstabil angina pectoris underwent CABG surgery,
4 of whom by off-pump and two by on-pump procedure.
After an average one month time, CEA was performed. According to the angiography results, 21 patients (60%) had
unilateral severe carotid artery stenosis, bilateral carotid artery stenosis was observed in 14 patients (40%), ulcerated
carotid plaque was observed in 3 patients (8.57%) and fullclogged carotid artery stenosis was observed in 2 patients
(5.71%) (Table 2).
CEA closures made with primary closure and patch are
called conventional endarterectomy in terminology. Our
patients underwent surgery with conventional technique.
Cervical block+local anesthesia were used in 5 patients.
General anesthesia was applied in 30 patients. The average duration of carotid artery clamp was 21.7±3.1 min. The
average duration of overall surgery time was 52.3±8 min.
Shunts were used in 17 patients (48.57%), having bilateral
critical stenosis. In 19 cases (54.28%) Dacron, in 11 cases
(31.42%) PTFE, in three cases (8.57%) saphenous vein were
used for patchplasty. In two cases (5.71%) primary repair
were administered (Table 3).
Postoperative results were as follows; there was no mortality, transient ischemic attack was observed in four patients
(11.42%), fluid swallowing difficulties was observed in 3
patients (8.57%), postoperative hypertension occurred in
8 patients (22.85%), and hypotension in 1 patient (2.85%),
hematoma was observed in 3 patients (8.57%), incisional
wound infection was observed in one patient (2.85%) and
medically treated . In one case of combined surgery and

Table 2. Stenosis ratio
Carotid Artery Stenosis
Unilateral stenosis ≥%70
Bilateral stenosis ≥%50-≥%70
Unilateral full-clogged carotid
artery stenosis
Ulcerplaque
Other types

Number (n)

Ratio (%)

21
14
2

60
40
5.71

3
30

8.57
85.71

Number (n)

Ratio (%)

17
19
11
3
2

48.57
54.28
31.42
8.57
5.71

Table 3. Operative specialities

Shunt usage
Dacron greft
PTFE greft
Safen vein patch
Primary repair

two cases undergoing stage surgery, there were atrial fibrillation attacks that improved with medical treatment.
The average length of hospitalization time was 5.02±2.2
days, the average length of duration in intensive care was
1.19±0.7 days in isolated CEA cases (Table 4).

Discussion
The purpose of CEA implementation is to prevent ischemic
stroke and CVE. Atherosclerosis developed in carotid arteries is commonly located in the bifurcation zone of the
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Table 4. Postoperative complications

Transient ischemic attack
Fluid swallowing difficulty
Postoperative hypertension
Postoperative hypotension
Hematoma
Wound infection

Number (n)

Ratio (%)

4
3
8
1
3
1

11.42
8.57
22.85
2.85
8.57
2.85

external carotid artery and the first two cm of internal carotid artery. The first treatment choice in cases of severe
atherosclerosis in the carotid artery bifurcation zone is CEA
surgery.[11] Researchs among the symptomatic and asymptomatic patients with carotid artery stenosis has shown
that CEA is an effective treatment in preventing and reducing rates with stroke.[12,13] According to the American Heart
Association and the American Stroke Association; CEA is
strongly recommended to the patients who have had ischemic episodes (TIA), stroke in the last 6 months and having
a stenosis between 50 and 99%, and the risk of perioperative stroke and mortality rate is 6%. CEA is recommended
to asymptomatic patients in case of having a carotid artery
stenosis between 60-99%, which is accepted to have 3%
risk of stroke and mortality.[14–16] Accoring to European Society for Vascular Surgery (ESVS) CEA is recommended to
the patients with a stenosis of 70% definitely and to the
patientswith astenosisi 50-69% strongly (North American
Symptomatic Carotid Endarterectomy Trial; NASCET), while
it is emphasized that the rate of stroke/death in the surgical center should be less than 6%. In the same study, CEA is
recommended in patients under 75 years of age with stenosis over 70%, and the surgical risk is less than 3%.[2,5] We
included the symptomatic patients with 50% carotid artery
stenosis and the asymptomatic patients with 70% or above
carotid artery stenosis for CEA process.
The timing of the surgery is an important issue in the
treatment of CAD. The general approach is to wait for a
6-week recovery period between the passage of CVE and
the surgery. The surgery performed before six weeks is
called early CEA.[14] The aim of the six-week waiting period
is to ensure the improvement in cerebral vascular autoregulation and to prevent non-hemorrhagic infarction
transforming to hemorrhagic infarction. However, efforts
supporting the construction of CEA in a shorter time to
prevent CVE that may recur during the waiting period
have been proposed to be done 15 days after the last
symptom of CAD.[2,15] According to our clinical approach;
early CEA can be applied to hemodynamically stable patients with an infarct area less than two cm in CT or MRI,

without a neurological deficit. In other cases, 6 weeks of
waiting period is performed after medical follow-up.[16]
Amoung our patients, one patient with a history of arecent CVE and ischemic infarct area of 0.45 cm in brain CT
was operated after two weeks and other patients were operated after a period of six weeks. Patients were followed
by medical treatment during preoperative period. During
the six-week period, our patients had no relapsed CVE. No
postoperative complication was observed in the patient
who was performed early CEA.
There are different applications for anesthesia for CEA. In
regional anesthesia, it is possible to evaluate the patient's
consciousness status instantly. However, problems during
the procedure in patients with low stress thresholds may
require general anesthesia to return. In this case, intubation can lead to additional difficulties. It is the advantage of
general anesthesia to provide operational comfort for the
physician and patient. The fact that the patient's consciousness condition cannot be monitored instantly is the disadvantage according to local anesthesia. It is important to
provide information about stress condition and procedure
in the selection of patients with regional anesthesia. We applied regional anesthesia in five cases in our series. In determining the patients who were going to undergo regional
anesthesia, detailed information was given by discussing
them before the procedure. It was decided taking into account the demands of the patients and the conditions in
which they were able to tolerate regional anesthesia and
there was no problem transforming into general anesthesia. Pasin et al.[17] reported a study of 2439 cases in which
they applied regional anesthesia. In seven patients regional anesthesia was ttransformed to general anesthesia.
Selecting the proper patients and preoperative efficient informing play an important role in reducing the rate of transition from regional anesthesia to general anesthesia. During general anesthesia, intraoperative additional tests are
used to evaluate brain functions and perfusion. Among the
potential measurements of EEG and evoke, carotid stump
pressure, jugular venous oxygen pressure measurement,
a.cerebri media current monitoring, transcranial dops and
cerebral oxillation, it is difficult to say which test is more
proper and sensitive, as the given studies evaluating neurological condition of postoperative patients with regional
anesthesia are not prospective and randomized.[18]
We applied cerebral oximeter to all routine patients who
were performed general anesthesia to evaluate brain perfusion. We prefer cerebral oximeter as it can be applied
practically and easily, as well as due to the ability of showing cerebral oxygenation level simultaneously.
The rate of concomitance of coronary and carotid artery
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diseases is between 3.4% and 22%.[19] There have been different approaches over time regarding the treatment to
be applied when the two diseases are together. Myocardial infarction risk is a common issue among the patients
undergoing CEA before CABG procedure. On the other
hand, The stroke risk is also common issue for the patients
undergoing CABG before CEA. In the 185-case series of
Illuminati et al; they evaluated simultaneous and gradual
CABG and CEA (delayed CEA) within 3 months, and found
the rate of stroke significantly higher in the group that
performed at CEA in the 3-month period after CABG compared to the group of patients who performed simultaneously CEA and CABG.[20]
In our study, in 17 cases had coronary and carotid artery
diseases simultaneously. However, only seven of them had
CABG indication. Among six patients undergoing gradual
surgery process, CABG was applied by cardiopulmunary
bypass in two patients and four underwent off-pump
CABG procedure. Approximately one month later, CEA was
performed. In one symptomatic patient having a totally
occluded carotid artery on the otherside and serious coronary arterrail disease, on-pump CABG and CEA were performed simultaneously.
The use of shunts to ensure cerebral blood flow during CEA
procedureis still a controversial issue. Although there is no
consensus, generally accepted situations for intraluminal
shunt use are as follows; contralateral 80% or above stenosis, CVE passed on the same side, current deterioration in
intraoperative cerebral moniterary, carotid stump pressure
below 40 mmHg and neurological condition deterioration
under regional anesthesia.[21] In our study, shunts were
used in 17 patients who were considered to be at risk of
achieving sufficient arterial flow during the period of carotid artery clamping.
The patchplasty procedure is another controversial point
in CEA process. It is claimed that the routine patchplasty
procedure has risks such as prolonging clamping time,
causing double suture line, rupture, bleeding, infection
and thrombosis.[22]
It has been suggested that using grafts is beneficial for
those with an internal carotid artery diameter below 6 mm
in order to prevent the deterioration of arterial dynamics
and related complications.[23]
In case of the primary closure of an internal carotid artery
with a diameter of 5 mm, the vessel diameter will be 3 mm
and the area will be reduced to 76%, as the sutures on the
edge of the atheriotomy will be 1 mm.[24]
In our clinical practice, we apply patchplasty to the internal
carotid arteries with a diameter of 5 mm or below and apply primary suturation to the ones with a diameter of 6 mm

or above with 6-0 prolene. We used a patch in 33 of the 35
patients and primary closure in two. Dacron graft was used
in 19 cases, PTFE graft in 11 cases and saphenous vein graft
in 3 cases. Some of the advantages of autologous veins
(often saphenous veins) are as follows; low cost, infection
resistance and easy access. Higher risk of rupture than synthetic grafts is a significant disadvantage.[25]
Possible complications after CEA are mortality, myocarcinal infarction (MI), stroke, TIA, nerve damage, hematoma,
hyper or hypotension and infection. We didn’t have mortality, stroke or MI in our case range. Detailed cardiology
consultation and CAG were performed in patients before
CEA procedure. The coronary revascularization of patients
who needed CABG was prioritized. We believe that this approach plays an important role in preventing MI and mortality. During the postoperative period, four of our patients
had TIA and three patients had difficulty in swallowing liquids and disdeviation of the tongue, which was thought
to be due to N.Hypoglossus injury, and recovered with
medical treatment. We believe that the injury may have
been developed due to the suspension of the nerve during
the operation. Three of our patients had a hematoma that
didn't require revision. In a diabetic patient, an infection
was observed and recovered with antibiotic therapy.

Conclusion
CEA is a surgery that can be performed with low mortality
and morbidity when the principles that of past experiences
from the present to the present.
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