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Abstract
Background

Carotid artery stenosis is one of the most important causes of stroke, and atherosclerosis plays a role in
one third of all strokes. It has been reported in some studies that the patency rate of carotid
endarterectomies performed with patplasty is better than standard surgical treatment. In this
retrospective study, we investigated vascular patency rates and strokes due to postoperative restenosis in
patients who underwent classical carotid endarterctomy and patch plasty endarterctomy due to carotid
artery stenosis.

We investigated 126 patients diagnosed with carotid artery occlusion between January 2015 and
January 2021. We retrospectively analyzed and compared 44 patients who were operated on using
carotid endarterectomy (CAE) with patch technique and 82 patients who underwent only carotid
endarterectomy in terms of risk factors, restenosis and stroke. Color Doppler Ultrasonography (CDUS) and
Computed Tomographic Angiography (CTA) were used in the diagnosis of carotid artery occlusions and
the evaluation of restenosis.

Results:

The characteristics of the risk factors of the patients were examined and recorded. PTFE graft was used
as a patch in patients. There were no signi�cant complications during or after the operation. Restenosis
and stroke were investigated at the 10th day, third month, sixth month, and �rst year after discharge, and
mostly by imaging with CDUS. Restenosis was detected in one patient in the study group and in thirteen
patients in the control group. Stroke was detected in none of the patients in the study group and in four
patients in the control group.

Conclusion:

In our clinic, patch-based CAE is preferred to primary CAE due to its successful results and very low risk of
restenosis. We think that CAE with the patch is a much more effective method in protecting patients from
neurological pathologies.

Introduction
Carotid artery stenosis is one of the major causes of stroke. Atherosclerosis is involved in one-third of all
stroke cases (1). Major neurological events such as stroke and death due to carotid artery atherosclerosis
lead to serious socioeconomic consequences from a social perspective. Medical treatment alone is
insu�cient for patients with symptomatic and signi�cant carotid artery stenosis. Invasive techniques are
performed in the treatment of such patients. Carotid endarterectomy (CAE) and carotid artery stenting are
two of these invasive techniques. Endovascular treatment of carotid artery stenosis is less invasive but is
not superior to endarterectomy because of high rates of associated perioperative complications.
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Therefore, CAE continues to be the gold standard intervention method in carotid artery occlusions (2).
Some studies have reported that patency rates are better after CAE performed by patch angioplasty
compared to standard surgical methods (3). CAE is recommended for patients with severe carotid artery
stenosis when there are no contraindications considering the carotid artery lesion; when the patient's life
expectancy is more than �ve years, and when complication rates of the respective centre to perform the
intervention is low. In our clinic, carotid artery diseases have been treated with traditional surgical
methods and patch technique for many years. In recent years, we have increasingly preferred CAE with
patch technique in carotid artery occlusions because of the high patency rates we have found in such
patients. In this retrospective study; we investigated and compared the frequency of restenosis and stroke
during the follow-up period in patients who underwent patch graft angioplasty CAE and classical CAE due
to carotid artery stenosis.

Methods

Patients and procedures:
The data of the study were obtained by searching retrospective patient �les and hospital data with the
permission of the ethics committee. 

Between January 2015 and January 2021 we retrospectively investigated 44 patients who were operated
on using the CAE and patch technique with carotid artery occlusion with full �le information and 82
patients who underwent CAE only. Patients with a previous stroke were not included in this study. The
patients were investigated in two groups and then the �ndings were compared between the groups. Color
Doppler Ultrasonography (CDUS) and Computed tomographic angiography (CTA) were used in the
diagnosis of carotid artery occlusions and the evaluation of restenosis. CTA was requested before the
operation for possible di�cult access and surgical planning for the surgical intervention. Preoperative
coronary angiography was performed to exclude possible concomitant coronary artery disease and the
presence of concomitant coronary artery disease. Patients who had an operation decision for coronary
artery disease were not included in the study. Surgical procedures were performed under general
anesthesia. Intraoperative shunt was used in ten patients. Systemic heparinization was not neutralized
after operation. Intraoperative bleeding, new acute ischemic stroke, death etc. important �ndings were
evaluated and recorded. Postoperatively the patients were followed up and treated in the cardiovascular
surgery intensive care unit. Drainage follow-ups and neurological �rst examinations after extubation were
routinely performed. Data on patient characteristics, stroke, mortality, restenosis and other surgical
complications, and preoperative atherosclerotic risk factors were obtained from hospital records.

De�nitions:
Stroke  was de�ned as a clinical syndrome characterized by rapid settlement of signs and symptoms of
focal loss of cerebral function for no apparent reason other than vascular causes. Preoperative carotid
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artery stenosis was de�ned as 70% or more occlusion according to the vessel lumen in CTA and CDUS.
Postoperative restenosis was de�ned as more than 50% lumen occlusion in the endarterectomy area in
CTA and CDUS. Symptomatic carotid artery disease was de�ned amaurosis fugax (temporary vision loss
after temporary ischemia), dysphasia, facial shift, extremity weakness, etc. due to carotid artery
occlusion. Cerebral hyperperfusion syndrome was de�ned as severe headache, hypertension, seizures
and focal neurological de�cits after carotid artery stenting or endarterectomy.

Abbreviations, acronyms, symbols:
CAE; Carotid endarterectomy , CDUS; Color Doppler Ultrasonography, CTA; Computed Tomographic
Angiography, PTFE; Polytetra�uoroethylene, LDL; Low-Density lipoprotein , HT; Hypertension , DM;
Diabetus Mellitus , NASCET;   North America Symptomatic Carotid Endarterectomy Trial ,ECST; European
Carotid Surgery Trial , ICA; Internal Carotid Artery , ESVS; European Society for Vascular Surgery.

Patient Follow-up:
Presence of restenosis and stroke was investigated on the 10th day, 3rd month, 6th month and 1st year
after discharge, or in the presence of patient complaints, mostly by imaging with CDUS and CTA and by
examinations.

Surgical technique:
General anaesthesia was used in all of the patients. Antibiotics were administered intravenously at the
time of induction as a routine procedure. The carotid artery was accessed through the incision along the
anterior border of the sternocleidomastoid muscle. The hypoglossal nerve, the vagus nerve, and the ansa
cervicalis were protected. Carotid arteries were found, everted, and suspended. Before clamping,
unfractionated heparin at a dose of 5000 IU/ml was administered intravenously as a routine procedure
and the vessel was opened by making a longitudinal incision. The atherosclerotic plaque was removed
and �xation sutures were made for proximal and distal plaques when necessary. A biological or synthetic
(Polytetra�uoroethylene: PTFE) patch was placed to prevent restenosis. After bleeding control; The drain
was placed, the tissue layers were duly closed and the operation was terminated.

Limitations of the Research:
The most important limitation is that it is a single-center study.

Statistical analysis:
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Statistical analysis was performed using IBM SPSS version 20.0 (IBM Corp., Armonk, NY, USA).
Descriptive data were expressed as mean ± standard deviation (SD), median (min-max), or number and
frequency. Group comparisons of numerical data were made with the Mann-Whitney U test and group
comparisons of categorical data were made with the chi-square test. A two-way p value of less than 0.05
was considered a statistically signi�cant difference.

Results

Working group:

Demographics and Treatment:
Thirty-two of the patients (n:44) were male (n:32 72.7%), and twelve (n:12 27.3%) were female. Mean age
of male patients was 58.5±5.5 years (48-68), mean age of female patients was 64.5±3.3 years (60-68),
mean age of all patients was 60.1±4.9 years (48- 66) was found. The surgically treated lesions were
unilateral in all patients and were on the left in �ve patients (n:5 11%) and on the right side in thirty-nine
patients (n:39 89%). Symptomatic carotid artery disease �ndings were detected in seven patients (n:7
15.9%), while the other patients were recorded as asymptomatic (n:37 84.1%). PTFE synthetic graft was
preferred for patching in all patients.

When cardiac risk factors are examined; presence of atrial �brillation was detected in only one (n:1 2.2% )
patient. Congestive heart failure was not present in any of our patients.

When peripheral artery disease risk factors are investigated;

1-Smoking history; While it was absent in female patients (n:0), it was present in twenty-�ve (n:25 78.1%)
male patients, and in total 56.8% of patients in the study group.

2-Low-density lipoprotein (LDL) value of the patients: 162.16±40.3 mg/dl (110-256)

3-Hypertension (HT); were present in twenty patients (n:20 45.4%)

4-Diabetus Mellitus (DM); was present in twelve patients (n:12 27.2%).

Follow-up:
All patients were admitted to the cardiovascular intensive care unit after the operation. The cross-clamp
time of the patients during the operation was calculated as 24.63±5.1 minutes (18- 45). In only three of
the patients (n:3 6.8%), shunt was used during the operation. After the operation, ten (n:10  22.7%) of the
patients had drainage from the drain system during the intensive care follow-up, and the mean drainage
was 10.8±18.5cc (0-75cc), and the drains were removed 2 days after the operation when the drainage did
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not continue. Two patients (n:2 4.5%) had bleeding from the skin in the form of oozing at the wound site
and the bleeding was stopped with a suture placed on the skin. No patient underwent revision (n:0). 

Neurological examinations of the patients were performed after extubation; Facial slippage was detected
in three patients (n:3 6.8%) and it was recorded that it disappeared spontaneously before the patient was
discharged. The length of stay of the patients in the intensive care unit was recorded as 1.5±0.65 days (1-
3 days) and the hospitalization period as 3.58±0.82 days (3-6 days). Hyperperfusion Syndrome, visual
impairment due to retinal artery stenosis, and acute myocardial infarction in the postoperative period
were not observed in any of the patients. No death or stroke was detected in any of the patients.
Restenosis was investigated by imaging mostly with CDUS and CTA at day 10, third month, sixth month,
and �rst year after discharge. At the end of the �rst year, restenosis was detected in a total of one patient
(n: 2.2%), while stroke was not detected in any patient.

Control Group:

Demographics and Treatment:
Fifty-eight of the patients (n:82) were male (n:58 70.7%) and twenty-four (n:24 29.3%) were female. Mean
age of male patients was 60.5±6.1 years (50-70), mean age of female patients was 65.2±3.6 years (58-
70) and mean age of all patients was 61.8±5.3 years (50- 68) was found. The surgically treated lesions
were unilateral in all patients and were on the left in fourteen patients (n:14 17%) and on the right side in
68 patients (n:68 83%). Twenty patients were registered as symptomatic (n:20 24.3%), and 62 patients
were registered as asymptomatic (n:62 75.7%).

When cardiac risk factors are examined; presence of atrial �brillation was detected in four (n:4 4.8%)
patient. Congestive heart failure was not present in any of our patients.

When peripheral artery disease risk factors are investigated;

1-Smoking history; It was found in six (n:6 25%) female patients, thirty (n:30 51.7%) male patients, and
43.9% of the control group patients in totaly.

2-Low-density lipoprotein (LDL) value of the patients: 172.6±50.4 mg/dl (108-286)

3- Hypertension (HT); were present in twenty-eight patients (n:28 34.1%)

4-Diabetus Mellitus (DM); was present in nineteen patients (n:19 23.1%).

Follow-up:
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All patients were admitted to the cardiovascular intensive care unit after the operation. The cross-clamp
time of the patients during the operation was calculated as 20.5±4 minutes (15-36). Only seven of the
patients (n:7 8.5%) had a shunt during the operation. Fourteen of the patients (n:14 17%) after the
operation had drainage from the drain system during the intensive care follow-up, and the mean drainage
was 9.2±12.8 (0-50cc), and the drains were removed 2 days after the operation when the drainage did not
continue. Six patients (n:6 7.3%) had a small hematoma at the wound site, which was self-limiting and
did not undergo surgical intervention and subsequently resorbed spontaneously. No patient underwent
revision (n:0). Neurological examinations of the patients were performed after extubation; Facial slippage
was detected in seven patients (n:7 8.5%) and it was recorded that it disappeared spontaneously before
the patient was discharged. Mild redness occurred at the wound site in three patients (n:3.12.5%). The
length of stay of the patients in the intensive care unit was recorded as 1.8±0.8 days (1-3 days) and the
hospitalization times as 3.8±0.9 days (3-6 days). Hyperperfusion Syndrome was found in three patients
(n:3 3.6%). In the postoperative period, retinal artery stenosis, acute myocardial infarction, death were not
detected in the patients.

Restenosis was investigated by imaging mostly with CDUS and CTA at day 10, third month, sixth month,
and �rst year after discharge. In the control examinations, two patients (n:2 2.5%) at the third month, �ve
patients (n:5 6%) at the sixth month and six patients (n:6 7.3%) at the end of the �rst year, total (n:13).
15.8% restenosis was detected and recorded. Necessary treatments were applied to these patients.
Postoperative stroke was detected in three patients (n:3 3.6%) who developed restenosis. Stroke after
restenosis was detected in one patient in the third month, in one patient in the sixth month and in one
patient in the �rst year.

Comparison of Groups:
When the groups were compared, it was seen that the patients were similar in terms of age, gender,
location of carotid artery occlusion, presence of symptomatic carotid artery disease, duration of intensive
care unit and hospital stay, postoperative complications and peripheral artery disease risk factors in
terms of cross-clamp times during the operation. The most common peripheral artery risk factors in both
the study group and the control group were smoking history and hypertension. Differently, three patients
in the control group had Hyperperfusion Syndrome. Restenosis was found in only one of the patients in
the study group (n:1 2.2%) and in thirteen (n:13 15.8%) patients in the control group. Stroke was not
detected in any of the patients in the study group but stroke was detected in three of the thirteen patients
who developed restenosis in the control group.

Demographic data and statistical comparison of the groups are shown in Table 1. The preoperative CTA
image of one of our patients is shown in Image 1, the images of the operative endarterectomy and patch
plasty with PTFA patch are shown in Image 2, and the CTA image of the same patient after discharge is
shown in Image 3. Patients' intraoperative and postoperative �ndings shown in Table 2.

Table-1
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 Demographic data and �ndings of patients.

Table-2

 Patients' intraoperative and postoperative �ndings.
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Discussion
Carotid artery stenosis is an important health problem with major neurological complications such as
stroke and death. We compared the patient groups who underwent endarterectomy and endarterectomy
+patch plasty due to carotid artery occlusion and the effectiveness of these treatments in preventing
stroke. When our study is examined, it is seen that the groups are similar with many risk factors.
Demographic characteristics of the patients; complaints, peripheral risk factors, operation methods,
cross-clamp times, average length of stay in the intensive care unit and hospital are very close to each
other. The signi�cant difference detected between the groups were in the frequency of vascular restenosis
as a result of the surgical intervention. In the control radiological imaging examinations of the patients
who underwent endarterectomy + patch plasty, restenosis was detected in a total of one patient in the
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study group, while restenosis was detected in thirteen patients in the control group at different periods in
one year. While restenosis developed in one patient in the study group, stroke did not occur in this patient.
In the control group, restenosis developed in thirteen patients and stroke occurred in three patients.
Carotid patch plasty reduced the frequency of restenosis after the operation and prevented possible
strokes in the patients. This difference is statistically signi�cant. It should not be forgotten that many
personal factors are important in restenosis after the operation. In recent years the frequency of
intervention with endarterectomy + patch plasty for carotid artery occlusions has been increasing. For this
reason, many publications have reported that better results are obtained with endarterectomy + patch
plasty in carotid artery opening, the frequency of restenosis is less and protecting patients are better
against stroke. We support the accuracy of this information with the results we obtained in our own clinic
and we don’t prefer only endarterectomy in carotid artery occlusions at surgical treatment.

Carotid artery stenosis is associated with major neurological complications such as stroke and death.
Since De Bakey performed the �rst thromboendarterectomy in 1953, CAE has been recognized as a safe
and effective method that reduces the risk of stroke in patients with severe stenosis in the internal carotid
artery (4). Two studies; North America Symptomatic Carotid Endarterectomy Trial (NASCET) and
European Carotid Surgery Trial (ECST), have shown that CEA is superior to medical treatment in
preventing stroke in symptomatic internal carotid artery (ICA) stenosis of more than 70%. Several multi-
centre studies have shown that CAE is the most effective treatment method to prevent cerebrovascular
events in patients with carotid artery stenosis (5).In recent studies on symptomatic patients, optimal
medical treatment is recommended rather than revascularization in the presence of carotid stenosis of
less than 50% but CAE followed by optimal medical treatment is recommended in patients with stenoses
of 50% or more (6). Similarly; according to the recommendations of the European Society for Vascular
Surgery (ESVS) guidelines, CAE is certainly recommended for symptomatic patients with stenoses of
more than 70% and strongly recommended for symptomatic patients with stenoses of more than 50%. In
a study, the frequency of restenosis was investigated in long-term follow-up and it was reported that the
5-year and 10-year restenosis rates were > 70% after CEA with primary closure (7).In a Cochrane review
examining the results of CAE with primary closure and CAE with patch angioplasty, it was reported that
the use of patches reduced rates of restenosis and neurological events in the follow-up period (8). It has
been suggested in the literature that; compared to primary closure, CEA with patch angioplasty may
reduce the combined risk of stroke and restenosis in the perioperative period in long-term (9). In a
metaanalysis study by Paraskevas et al, perioperative outcomes and late stenosis rates (> 50%) of CEA
with eversion and CEA with patch angioplasty were reported as superior to primary CEA (10). In a thesis
study from our country comparing CAE with primary closure to CAE with patch angioplasty on 45 patients
with carotid artery occlusions, it was reported that restenosis occurred less after CEA with patch
angioplasty compared to CEA with primary surgery (11). In the meta-analysis performed by Lazarides et
al.; where closure techniques for CAE were evaluated, it was reported that both short-term and late-term
adverse outcomes following CEA with patch closure were lower and that CEA with patch closure
represented the best option compared to other CEA closure techniques (12).
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Any intervention on carotid arteries is associated with risks. The way to prevent such risks is to perform
the procedure in experienced hands using surgical techniques attentively and carefully. CAE operations
under general anaesthesia have been performed in our clinic for a long time. The review of our patients
revealed that patients had atherosclerotic risk factors. There is no consensus on the use of intravascular
shunts in carotid endarterectomy operations. Some surgeons use shunts in all patients; some surgeons
never use shunts, and some surgeons use shunts selectively (13). We did not use shunts in our patients in
the operations because it has been reported that the shunt placement procedure may cause a distal
embolism, endothelial injury in the distal vascular bed, and shunt thrombosis (14).

Furthermore, we did not use shunts because we determined su�cient retrograde �ow in the non-occluded
contralateral carotid arteries on the CTA images of the patients. The cross-clamping times of the patients
were reasonable. Mobilization of the patients was achieved on the �rst postoperative day. The length of
hospitalization of the patients was very short. From the �rst postoperative day until the hospital
discharge, low molecular weight heparin was given to all patients according to body weight. All patients
took 100 mg acetylsalicylic acid, 75 mg clopidogrel, and 20 mg atorvastatin for at least 6 months after
the hospital discharge. No permanent complications developed after the operation. Full patency was
observed in all patients during the �rst year after the CAE surgery with patch angioplasty. Our patients
were instructed to comply with the medical treatment and not to smoke after the hospital discharge. In
the study performed by Garzon-Muvdi et al., it was reported that smoking, hyperlipidemia, and the
presence of stroke in the family history were associated with the increased risk of restenosis (15).

CAE with patch angioplasty has increasingly become the preferred technique over primary CAE in many
clinics. In CAE with patch angioplasty, the occluded part of the carotid artery is opened and the vessel
lumen is widened. Thus, the risk of restenosis is reduced. We think that CAE with patch angioplasty is
necessary to avoid restenosis that could potentially be caused by the surgery itself performed to
eliminate the carotid artery stenosis. In our study, we found that outcomes for early patency rates were
very good. We think that studies investigating long-term outcomes will report similar results. We believe
that CAE with patch angioplasty is an effective treatment method in protecting the patient and preventing
restenosis

Conclusions
CEA with patch angioplasty has recently become increasingly used for the treatment of carotid artery
occlusions. It is an easy surgical method with short operative times and associated with short hospital
stays. In short term, patency rates are high and restenosis rates are low. There are increasing numbers of
papers reporting that long-term patency rates are favourable, too. CAE with patch angioplasty is preferred
over primary CAE in our clinic based on the success of outcomes and the low restenosis risk. We think
that CAE with patch angioplasty is effective in protecting patients from neurological pathologies.
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Figure 1

Preoperative Computed Tomographic Angiography image of one of our patients (Arrow shows the
occluded vessel area).
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Figure 2

Images of the operation of one of our patients. A) Exploration of the carotid arteries. B) The incision
made along the obstruction and the appearance of the atherosclerotic plaque. C) Removal of
atherosclerotic plaque. D) Completing the repair with a PTFE patch and opening the cross clamps
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Figure 3

Computed Tomographic Angiography image of one of our patients after discharge (Arrow shows
enlargement in the vascular area and PTFE graft after endarterectomy with patch).


