
Cardiovascular
Surgery and
Interventions

Original Article Open Access

Cardiovasc Surg Int 2020;7(3):163-169
http://dx.doi.org/DOI: 10.5606/e-cvsi.2020.995
www.e-cvsi.org
©2020 Turkish Society of Cardiovascular Surgery. All rights reserved.

Cardiovascular Surgery and Interventions, an open access journal www.e-cvsi.org

A comparison of modified eversion endarterectomy versus classical endarterectomy in 
the surgical treatment of carotid artery stenosis
Mahmut Kış, Mahir Merdanoğlu, Mehmet Balkanay

Received:  October 15, 2020  Accepted: November 05, 2020  Published online: November 13, 2020

Corresponding author: Mahmut Kış, MD. Kartal Koşuyolu Yüksek İhtisas 
Eğitim ve Araştırma Hastanesi Kalp ve Damar Cerrahisi Kliniği, 34865 Kartal, 
İstanbul, Türkiye.
Tel: +90 506 - 221 92 93   e-mail: mahmutkismd@gmail.com

ABSTRACT
Objectives: In this study, we aimed to compare the modified eversion method versus classical carotid endarterectomy in the treatment of 
carotid artery stenosis.
Patients and methods: A total of 112 patients (85 males, 27 females; mean age 64.8±9.5 years; range, 40 to 82 years) who underwent 
carotid endarterectomy in our hospital between January 2009 and December 2011 were retrospectively analyzed. The patients were divided 
into two groups according to the method used as the modified eversion group (n=27) and classical endarterectomy group (n=85). Doppler 
ultrasound of 62 patients who could be reached among these patients were evaluated and compared in terms of early results of restenosis.
Results: There was no statistically significant difference between the two groups in terms of intraoperative morbidity, mortality, and 
complications. While there was no mortality in the modified eversion technique, postoperative subcutaneous hematoma occurred in one 
(3.7%) patient and revision was applied, and morbidity in the form of right hemiplegia was observed in another patient (3.7%). In classical 
endarterectomy, mortality was observed in four (4.7%) patients. One (1.2%) patient underwent subcutaneous hemorrhage revision, and 
morbidity in the form of right hemiplegia was observed in another patient (1.2%). There was no statistically significant difference between 
the two groups in terms of early results of restenosis. Severe stenosis was found in the arteries undergoing endarterectomy in one patient 
(4.8% vs. 2.4%) in each group.
Conclusion: The modified eversion method used in our clinic is as effective as classical carotid endarterectomy. This method should be 
considered an alternative to the classical endarterectomy technique.
Keywords: Carotid artery stenosis, endarterectomy, modified eversion technique.

In countries with ischemic stroke, it is the disease 
group that ranks third in terms of cause of mortality, 
while ranking the f irst in terms of long-term 
morbidity. Carotid artery stenosis (CAS) accounts 
for 20% of all ischemic strokes.[1] In symptomatic 
carotid artery patients with severe stenosis, carotid 
endarterectomy (CEA) is recommended as the 
primary treatment for the prevention of stroke and 
its complications,[2-5] as well as prioritized over other 
treatments in asymptomatic patients with severe 
stenosis.[6-8] There are differences between surgical 
techniques in CEA, which has such an important 
place in the treatment of carotid artery disease. In 
addition, there are differences in the same techniques 
such as whether to use shunts and whether to use 
patches (synthetic or native).

In the present study, we aimed to compare the 
modified eversion endarterectomy (MEE) and the 
classical CEA method, which are among the CEA 
methods performed in our hospital.

PATIENTS AND METHODS
The medical records of a total of 112 patients 

(85 males, 27 females; mean age 64.8±9.5 years; 
range, 40 to 82 years) who underwent CEA between 
January 2009 and December 2011 in our hospital 
were retrospectively analyzed. Data including 
age, sex, body mass index, smoking and alcohol 
use, diabetes, hypertension, hyperlipidemia, renal 
failure, contralateral carotid artery lesion, peripheral 
artery disease, coronary artery disease, previous 
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cerebrovascular accident (CVA), operation type, 
postoperative CVA, use of shunt, and graft usage were 
recorded. Control carotid Doppler ultrasound (DUS) 
was performed in 62 patients who could be reached 
among this patient group. This examination was 
applied to each patient in the radiology department 
using the same Doppler device (Logic® 9 Color 
Duplex Scan; General Electric Medical Systems, 
WI, USA) with a 10-L probe by a single radiologist. 
Intraoperative cross-clamp time, graft and shunt usage, 
operative data, postoperative mortality and morbidity 
data of the patients were recorded. The patients were 
divided into two groups according to the method used 
as the MEE group (n=27) and classical CEA group 
(n=85).

A written informed consent was obtained from 
each patient. The study protocol was approved by the 
Kartal Koşuyolu Yüksek Ihtisas Training and Research 
Hospital Ethics Committee. The study was conducted 
in accordance with the principles of the Declaration 
of Helsinki.

Surgical technique

Classical CEA technique

Following appropriate disinfection and sterile 
covering under general anesthesia, with a vertical 
incision, an incision is made along the anterior medial 
line of the sternocleidomastoid muscle, from the two 
fingers above the clavicle to the corner of the chin. 
Dissection is continued subcutaneously along the 
medial of the sternocleidomastoid muscle. Then, the 
platysma is dissected. The internal carotid artery 
(ICA) is explored 3 to 5 cm distal from the bifurcation. 
The external carotid artery (ECA) is dissected up 
to 2 cm to distal and freed. If bradycardia occurs 
due to carotid body stimulation, 2-mL lidocaine is 
injected. After exploration, 100 IU/kg of intravenous 
heparin is administered to systemically heparinize 
the patient. The main carotid artery (MCA), ICA, 
and ECA are individually wrapped with rubber 
tapes. Firstly ICA, then ECA, and lastly MCA 
are clamped with the vascular clamp. The MCA is 
incised from the bifurcation toward the ICA with a 
No.11 scalpel. Arteriotomy is lengthened with the 
Potts scissors. Endarterectomy is performed using 
microsurgical dissectors by finding the plane between 
the atherosclerotic plaque and the vessel wall. The 
plaque is pulled to superior part in proximal direction, 
and the tunica-media separation is dissected and 
continued toward the ICA.

The plaque part, which extends toward the 
ECA, is dissected circumferentially by eversion and 
removed from the artery. Arteriotomy is closed with 
a 6/0 monofilament (prolene) using continuous suture 
technique. Before tying the suture knot, the ECA 
clamp is opened and closed, allowing air in lumen to 
escape. After tying the knot, first ECA, then MCA 
and lastly ICA clamps are taken, respectively. Once 
bleeding is controlled, 1 Hemovac drain is placed. The 
subcutaneous tissue and skin are closed properly.

Modified eversion endarterectomy technique
In this technique, the same method as in classical 

CEA is applied until MCA, ECA, and ICA clamping. 
After the cross-clamp, the incision extending from the 
common carotid artery (CCA) to the ICA is moved 
forward to the plaque, and the plaque is not opened. 
By proceeding from the plane between the plaque and 
the vessel wall as a whole, the plaque is removed first 
from the ECA, then the CCA, and finally the ICA by 
everting it. In this method, the lumen is not entered 
to and no shunt is used. The closure procedure can 
be made with a patch or primary incision, as in the 
classical CEA method. The order of air evacuation and 
lifting the cross-clamps before closing the last stitches 
is the same as in the classical CEA.

Statistical analysis

Statistical analysis was performed using the 
SPSS for Windows version 15.0 software (SPSS 
Inc., Chicago, IL, USA). Descriptive data were 
expressed in mean ± standard deviation (SD), median 
(min-max) or number and frequency. The Student's 
t-test was used in comparison of quantitative data to 
compare normally distributed parameters between 
the two groups. The chi-square test and Fisher's 
exact chi-square test were used to compare qualitative 
data between the groups. A p value of <0.05 was 
considered statistically significant.

RESULTS
Of a total of 112 patients, the intraoperative results 

of both methods and early period restenosis results of 
62 patients who attended to the follow-up visits were 
compared. While the MEE was applied to 27 (24.1%) 
patients, CEA method was applied to 85 (75.9%) 
patients. Baseline demographic characteristics of the 
patients are shown in Table 1.

According to the method used in the operation, 
there was no statistically significant difference between 
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the rates of diabetes, hypertension, hyperlipidemia, 
chronic renal failure, presence of stenosis in the 
contralateral carotid artery, and other peripheral artery 

disease (p>0.05). According to the method used in 
the operation, there was no statistically significant 
difference between the incidence of coronary artery 

Table 1
Baseline demographic characteristics of patients

Modified eversion method (n=27) Classical endarterectomy (n=85)
n % Mean±SD n % Mean±SD p

Age (year) 60.4±11.0 67.4±8.3 0.001**†
Body mass index (kg/m2) 26.3±4.7 28.1±3.7 0.044*†
Sex

Male
Female

20
7

74.1
25.9

65
20

76.5
23.5

0.800‡

Smoking 17 63.0 39 45.9 0.122‡
Alcohol use 3 11.1 7 8.2 0.702‡
SD: Standard deviation; † Student’s t-test; ‡ Chi-square and/or Fisher’s exact test; * p<0.05; ** p<0.01.

Table 2
Additional diseases

Modified eversion method (n=27) Classical endarterectomy (n=85)
n % n % p†

Diabetes 7 25.9 35 41.2 0.154
Hypertension 19 70.4 64 75.3 0.611
Hyperlipidemia 11 40.7 39 45.9 0.640
Chronic renal failure 5 18.5 7 8.2 0.157
Presence of stenosis in the contralateral 
carotid artery

14 51.9 47 55.3 0.754

Presence of other peripheral artery disease 5 18.5 16 18.8 0.972
CAD

Absence
Medical follow-up
Stent implanted
Pre-CABG performed
Simultaneous CABG

5
8
2
5
7

18.5
29.6
7.4

18.5
25.9

11
27
10
10
27

12.9
31.8
11.8
11.8
31.8

0.778

Previous CVA
Absence
Presence (no sequelae)
Presence (with sequelae)

17
5
5

63.0
18.5
18.5

40
23
22

47.1
27.1
25.9

0.354

Other diseases 
Absence
Non-ischemic cardiac diseases
Chronic lung diseases
Other systemic diseases
NICD + Chr. LD
Chr. LD + OSD
NICD + Chr. LD

16
2
5
2
2
0
0

59.3
7.4

18.5
7.4
7.4
0
0

52
12
8
8
0
4
1

61.2
14.1
9.4
9.4
0

4.7
1.2

0.117 

† Chi-square and/or Fisher’s exact test; CAD: Carotid artery disease; CABG: Coronary artery bypass grafting; CVA: Cerebrovascular accident; NICD: Non-ischemic 
cardiac diseases; Chr. LDs: Chronic lung diseases; OSD: Other systemic diseases.
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disease (p>0.05). According to the method used in 
the operation, there was no statistically significant 
difference between the rates of previous CVA (p>0.05) 
(Table 2).

There was no statistically significant difference 
between the mean lesion degrees according to the 
method used in the operation (p>0.05). Although the 
mean cross-clamp times were shorter in the MEE 
compared to the method used in the classical CEA, no 
statistically significant difference was found (p>0.05). 
There was no statistically significant difference 
between the graft use rates according to the method 
used in the operation (p>0.05). Since shunts were not 
used in the MEE, there was a statistically significant 

difference between the rates of shunt use between the 
groups (p<0.01) (Table 3).

There was no statistically significant difference 
between the intraoperative results according to the 
method used in the operation (p>0.05). While the 
results of the intraoperative period were good in 26 
(96.3%) patients in the MEE group, subcutaneous 
hematoma occurred in one (3.7%) patient and treated 
by revision, while one (3.7%) patient was discharged 
with sequelae. This case with sequelae had contralateral 
CAS; CEA combined with coronary artery bypass 
grafting (CABG) was applied to the patient, and 
CEA was performed under deep hypothermia. The 
carotid ultrasound of the patient was normal. The 

Table 3
Intraoperative data

Modified eversion method (n=27) Classical endarterectomy (n=85)
n % Mean±SD n % Mean±SD p

Degree of lesion (%) 0.8±0.1 0.8±0.1 0.490†
Cross-clamp time (min) 15.4±2.8 17.3±6.7 0.470†
Operation

Right carotid endarterectomy
Left carotid endarterectomy
CABG + endarterectomy

11
9
7

40.7
33.3
25.9

29
29
27

34.1
34.1
31.8

0.784‡

Use of graft  
Not used
Native graft
Artificial graft

25
1
1

92.6
3.7
3.7

70
6
9

82.4
7.1

10.6

0.425‡

Use of shunt
Used 
Not used

0 
27

0
100

30
55

35.3
64.7

0.001*

SD: Standard deviation; CABG: Coronary artery bypass grafting; † Student’s t-test; ‡ Chi-square test; * p<0.01.

Table 4
Intraoperative and early postoperative data

Modified eversion method (n=27) Classical endarterectomy (n=85)
n % n % p†

Perioperative results
Good
Wound hematoma
Discharged with sequela
Exitus

26
1
1
0

96.3
3.7
3.7
0

80
1
1
4

94.1
1.2
1.2
4.7

0.365

Early results (n=62)
Good
Advanced stenosis

20
1

95.2
4.7

40
1

97.6
2.4

0.263

† Chi-square and/or Fisher’s exact test.
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intraoperative results were good in 80 (94.1%) patients 
in the CEA group, while one (1.2%) patient developed 
subcutaneous hematoma which was treated by revision 
and one (1.2%) patient case was discharged with 
sequelae. Four (4.7%) patients died as a result of 
postoperative CVA. No graft was used in any of 
these cases. Shunt was used in the patient who was 
discharged with sequelae. Bilateral carotid arteries 
were normal on control carotid DUS. Only CEA 
was performed in one of the patients who died, and a 
combination of CEA and CABG was performed in the 
other patients. Endarterectomy was performed in these 
patients under deep hypothermia and no shunt was 
used. There was no statistically significant difference 
between early restenosis rates according to the method 
used in the operation (p>0.05). The early results 
were good in 20 (95.2%) patients in the MEE group, 
while only one (4.7%) patient had severe stenosis. The 
early results were also good in 40 (97.6%) patients in 
the classical CEA group, while severe stenosis was 
observed in one (2.4%) patient (Table 4).

DISCUSSION
The incidence of CAS is substantially high in the 

elderly population as in the other peripheral artery 
diseases. In the Rotterdam study, stenosis between 
16 and 49% was found in 3% of patients over the 
age of 55 years, and stenosis over 50% was found in 
1.4%.[9] Similarly, in the Tromso study, the prevalence 
of CAS in men over the age of 50 years was found 
to be 4.2, while it was 2.7% in women, indicating 
a statistically signif icant difference between the 
sexes.[10] In the Framingham study, in 40% of 
75-year-old men, a narrowing of more than 10% was 
found.[11] The disease, which is very widespread in the 
elderly, has a high cost to the society, the individual, 
and the environment. Considering the monetary cost, 
the total annual cost of stroke in the United States is 
estimated as $ 65.5 billion.[12] The total annual cost 
of stroke in the Europe is estimated as € 27 billion.[12] 
Carotid artery disease is the cause of an average of 
20% of these strokes.

The necessity of the CEA method in advanced 
CAS, its priority over other treatment modalities, and 
the variety of surgical techniques applied urge us to 
find the most ideal surgical method. Before starting 
CEA, it is necessary to decide the anesthesia type of the 
operation. The randomized Local Anesthesia versus 
General Anesthesia for Carotid Surgery (GALA) 

study showed no significant difference between the 
general (4.8%) and local (4.5%) anesthesia in terms 
of intraoperative mortality, stroke or myocardial 
infarction.[13] In our clinic, general anesthesia method 
is routinely used. Since the arteriotomy performed in 
classical CEA includes CCA and ICA and the wide 
area can be reached in the CEA procedure, there 
is no problem in accessing the distal and proximal 
ends. However, there may be problems in finding 
the correct plane during the CEA procedure. The 
plaque may rupture in pieces rather than as a whole, 
leading to weakening of the vessel wall in some areas, 
remaining plaque remnants in some areas, and forming 
a rough surface. After CEA is completed, when it 
comes to the closure stage, it may be necessary to use 
a native or synthetic patch in some cases, as the lumen 
may narrow, while performing primary repair. The 
Cochrane database review focused on seven studies.[14] 
The results of 1,127 patients and 1,307 operations 
were examined, and the results of primary repair, vein 
grafts, and other grafts were analyzed. Although the 
data in the analyzed studies were insufficient and 
included methodological errors, the results obtained 
from the examined studies concluded that the risk of 
stroke was lower in the patch plasty group compared 
to the primary repair group, and arterial occlusion was 
lower in the patch plasty group in long-term follow-up. 
However, unlike retrospective analyses, randomized 
clinical studies revealed no statistically significant 
difference between these groups. Nevertheless, 
the evidence obtained is that the application of 
carotid patch plasty reduces the risk of occlusion and 
restenosis, as well as the combined stroke and mortality 
rate.[15] Considering the results of the materials used in 
patch plasty (Dacron®, polytetraf luoroethylene, or 
autologous), the difference between them was found 
to be small.[16,17] In our patient groups, there was no 
statistically significant difference in terms of the use 
of patches in either group. However, patches were not 
used in patients who developed mortality, morbidity, 
and late restenosis. In the eversion technique, when 
the ICA is completely transected from the bifurcation, 
the plaque is everted and removed from the ICA 
during CEA. Thus, no more tissue remains in the 
vessel wall, although problems may occur in reaching 
the proximal end point of the CCA and the distal end 
of the ECA. While the ICA is fully transected from 
the bifurcation, there is a possibility that adjacent 
nerves, particularly the Vagus nerve, can be damaged. 
In this method, the proximal mouth of the ICA is 
enlarged and sutured again to the bifurcation point 
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and, thus, it does not cause any surgical stenosis in 
the vessel lumen. In the Cochrane study, the eversion 
technique caused less restenosis than other techniques, 
the results obtained from other studies were similar, 
and no significant difference was observed in terms of 
neurological deficits between the eversion technique 
and classical CEA techniques.[18,19]

Although shunts are not used in the eversion 
technique, some surgeons have advocated the use 
of shunts, particularly in patients with an occluded 
contralateral carotid artery.[20] In the randomized 
International Carotid Stenting Study (ICSS) study, 
patients who underwent CAE and carotid stenting 
were applied diffusion-weighted magnetic resonance 
imaging to evaluate postoperative early (one to 
three days) acute ischemia, while f luid-attenuated 
inversion recovery investigation was conducted to 
evaluate late (four to six weeks) permanent brain 
damage.[21] Percentages of new ischemic events in 
the patients with early carotid stenting and in 
patients who underwent CAE were 46.4% and 
14.1%, respectively. Most of the patients remained 
asymptomatic. In the late period, permanent cerebral 
abnormalities were detected to be 30% in the carotid 
stenting group and 8% in the CEA group.[22] Based 
on these results, it should be kept in mind that 
any further manipulation into the ICA may have 
more negative consequences than expected. In the 
European Carotid Surgery Trial (ECST) involving 
1,729 patients, no statistically significantly positive 
results were found in terms of the use of shunts.[23] On 
the other hand, controlling the adequacy of cerebral 
perfusion with any non-invasive methods before 
deciding to use a shunt may prevent unnecessary 
usages. In the study of Ozer and Ceyran,[24] cerebral 
perfusion could be non-invasively determined using 
near infrared spectroscopy. Continuous measurement 
of cerebral oxygenation can be achieved by cerebral 
oximeter and more than 20% decrease compared 
to baseline levels shows a troublesome at cerebral 
perfusion. Conversely, preserved cerebral oxygen 
saturations after clamping carotid artery may give an 
insight that the adequacy of cerebral perfusion. Thus, 
unnecessary usage of shunts may be restricted.

In the MEE technique applied in our center, 
since, in an ideal plane, CEA was performed in the 
media adventitia junction and as a complete block 
(CCA, ECA and ICA complete), there were no cases 
such as thinning of the vessel wall and tissue debris in 
the wall. The time of procedure was not long, as the 

method was practical and no extra-intervention (such 
as plate fixation or shunt placement) was applied. 
Of note, in the MEE method, cross-clamp time was 
shorter than classical CEA, consistent with previous 
studies.[25]

The main limitations to the present study are its 
retrospective nature with a relatively small sample size, 
the lack of mid- and long-term follow-up data, and 
lack of routine intraoperative monitoring of cerebral 
perfusion. 

In conclusion, CEA is the primary treatment 
option in the light of available data in advanced CAS. 
Different techniques are used in this treatment. In 
our clinic, classical CEA and MEE are successfully 
applied as carotid artery surgery. In our study, we 
found no statistically significant difference between 
the two methods in terms of intraoperative mortality, 
morbidity, and restenosis rates. Based on these results, 
we suggest that the MEE applied in our clinic is 
as effective as classical CEA. We believe that this 
method should be kept in mind as an alternative to the 
classical CEA technique.
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