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Our midterm restenosis results using patch angioplasty closure versus primary closure
in patients undergoing carotid endarterectomy: A comparative study
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ABSTRACT

Objectives: This study aims to compare midterm results of patch angioplasty with primary closure techniques in patients undergoing carotid
endarterectomy (CEA) in terms of restenosis.

Patients and methods: This prospective, single-center, randomized study included a total of 137 patients (42 females, 95 males; mean age
64.4±8.8 years; range 36 to 86 years) who underwent CEA between January 2010 and October 2015. The patients were divided into two
groups: the patch angioplasty group (n=70) and the primary closure group (n=67). The mean follow-up was 2-7 years. Carotid computed
tomography angiography was performed to evaluate restenosis. Restenosis was defined as a lesion of >70% in diameter.
Results: During midterm follow-up, there was no statistically significant difference in the restenosis rate between the two surgical closure
techniques (p=0.729).
Conclusion: Our study results show that the restenosis rate is similar using both closure techniques in patients undergoing CEA.
Keywords: Carotid endarterectomy; computed tomography angiography; patch angioplasty; primary closure; restenosis.

Carotid endarterectomy (CEA) has been shown in
large-scale, randomized-controlled trials to reduce the
risk of stroke in selected patients with internal carotid
artery stenosis.[1] The surgical technique may affect
restenosis and this topic is still unclear.
There are several studies which have reported
restenosis rate following CEA.[1-3] In these studies,
about 6 to 36% of patients who undergo CEA have
restenosis of greater than 50% as confirmed by
Doppler ultrasound after a long follow-up period,
often occurring within two years.[2]
Patch angioplasty reveals to be superior in
patients with marked intimal thickening of the distal
internal carotid artery, reducing the turbulent flow

in the transitional zone from the endarterectomized
area to the residual distal artery. Although it is a
useful technique, patching may be also associated
with an increased perioperative stroke risk due to
prolonged carotid artery clamping time. Two suture
lines- or patch material-related complications include
postoperative occlusion, arterial rupture, infection,
or pseudoaneurysm formation.[4,5] Patch angioplasty
closure technique is technically demanding and may
have longer cross-clamping time, compared to primary
closure.
In the present study, we present our midterm
results of two closure techniques in terms of the
restenosis rate.
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PATIENTS AND METHODS
This prospective, single-center, randomized study
was conducted between January 2010 and January
2015. A written informed consent was obtained from
each patient. The study protocol was approved by the
Mehmet Akif Ersoy Thoracic and Cardiovascular
Surgery Training and Research Hospital Ethics
Committee (No. 2015-29). The study was conducted
in accordance with the principles of the Declaration
of Helsinki.
A total number of 342 patients underwent carotid
endarterectomy. Our study population consisted of 137
patients who were uneventfully discharged. Patients
who had renal failure or under dialysis and those who
were lost to follow-up were excluded from the study.
Patients living outside the province were called for
control. Those who were unable to attend visit were
also excluded. Some patients who underwent CEA
also underwent cardiac surgery one week after CEA.
Those who lost their life due to cardiac surgery in the
early period were also excluded.
Preoperatively, symptomatic patients with a carotid
lesion greater than 70% on computed tomography
angiography (CTA) or asymptomatic patients with a
carotid lesion greater than 70% on CTA who were
referred for open cardiac procedure were the candidates
for CEA. Our patients were operated by different
surgical teams of our hospital. The patients who
underwent CEA using a patch were classified as patch
angioplasty group (n=70) and those who underwent
CEA through primary closure were classified as the
primary group (n=67). Two groups were compared
in terms of gender, level of cholesterol, diabetes,
hypertension, smoking, type of lesion (intracranial
vs extracranial), lesion side (left vs right), history of
cerebrovascular events, combined cardiac procedures,
surgical revision rate, use of drugs during postoperative
period, length of hospital stay, postoperative cranial
nerve injury, and restenosis. Postoperative carotid
CTA was performed in all patients with a mean time
of 2 to 7 years following CEA. Restenosis was defined
as >70% diameter stenosis.
Surgical technique
We operated all patients who had neurological
symptoms and a carotid lesion of greater than 70%
as confirmed by CTA. Carotid endarterectomy was
performed one week prior to cardiac surgery in
patients who were referred for a cardiac operation.
All patients were operated under general anesthesia.
During the procedure, near infrared spectroscopy

(NIRS) monitorization was routinely used. Following
exploration of the common carotid artery and its
branches, intravenous bolus heparin of 5,000 units
was administered and cross-clamping was performed.
Arteriotomy was done starting below the bifurcation
of the common carotid artery and was extended
toward the internal carotid artery. Atheroma plaque
was gently removed. Depending on nature of the
carotid artery and surgeon’s daily experience, some
patients underwent primary closure, while the others
underwent patch angioplasty. All patients were given
acetylsalicylic acid postoperatively. Some patients were
also given clopidogrel or warfarin in combination with
acetylsalicylic acid.
Statistical analysis
Statistical analysis was performed using the IBM
SPSS version 22.0 software (IBM Corp., Armonk,
NY, USA). Descriptive statistics were expressed in
mean and standard deviation (SD), median (min-max),
number, and frequency. The distribution of the
variables was analyzed using the Kolmogorov-Smirnov
test. Independent sample t-test and Mann-Whitney
U test were used to analyze independent quantitative
data. The chi-square test was used in the analysis of
independent qualitative data. A p value of <0.05 was
considered statistically significant.

RESULTS
There was no significant difference in the age and
sex distribution of the patients between the primary
and patch angioplasty groups (p>0.05). There was
no statical significance difference between primary
and patch angioplasty group in terms of length of
hospital stay (p>0.05). The type of drug used in
the primary and patch angioplasty groups did not
differ significantly (p>0.05). Side distribution in
the primary and patch angioplasty group did not
differ significantly (p>0.05). The restenosis rate in
the primary and patch angioplasty groups did not
differ significantly (p>0.05). The rate of smoking,
diabetes mellitus, hypertension, additional surgery
rate and revision rate did not differ significantly in
the primary and patch angioplasty groups (p>0.05).
However, the rate of cranial nerve injury in the
primary group was significantly higher (p<0.05) than
in the patch angioplasty group (Table 1). The patients
who had restenosis and symptomatic were reoperated,
while the patients who were asymptomatic were
followed with medical therapy.
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DISCUSSION
The most optimal technique for carotid arterial
closure after CEA still remains debatable among many
surgeons.[6,7] However, some studies have suggested
that the f low characteristics obtained by patch
angioplasty may be superior to those obtained with
arteries closed primarily.[6-8] Patchplasty is preferable
for most of the surgeons, particularly when this type of
closure is either unavoidable or desirable in some cases
(i.e., an artery with a narrow internal diameter or with
an elongated plaque).[9]
Previous studies showed that very few patients
had to switch from primary closure to patching,
as the artery was deemed too narrow for primary
closure.[10] The United Kingdom studies have also
suggested that there is a divided opinion on how
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often patching is required: some surgeons use it
all of the time, others rarely or never.[2,11] As it has
been suggested above by previous studies, closure
techniques in our clinic depend on the surgeon’s
preference which mostly lies on clinical experience,
although size and nature of the carotid arteries are
also taken into account.
Our results in this study are consistent with
previous data showing that the two procedures were
not superior to one another in terms of restenosis
during the mid-term follow-up period. Our results
also suggest that patching is associated fewer periprocedural cranial nerve injury events, compared to
primary closure (p=0.043).
Although Bernstein et al.[12] reported that there
were significant reductions in the risk of acute

Table 1. Demographic characteristics of patient groups
Primary group
n
Age (year)
Gender
Female
Male
Hospital stay
Drug use
Ecopirin
Ecopirin + plavix/coumadin
Side
Right
Left
Stenosis degree
<70
>70
Smoking
(-)
(+)
Diabetes mellitus
(-)
(+)
Hypertension
(-)
(+)
Concomitant procedure
(-)
(+)
Cerebral vascular events
(-)
(+)
Revision
(-)
(+)
Peri-procedural cranial nerve injury
(-)
(+)

21
46

%

Patch angioplasty group

Mean±SD

Median

63.9±10.4

64.0

31.3
68.7

n

21
49
5.4±3.9

%

Median

p

65.0±7.1

64.0

0.460*
0.865‡

6.0±5.4

4.0

0.877†
0.366‡

30.0
70.0

4.0

41
26

61.2
38.8

48
22

68.6
31.4

34
33

50.7
49.3

32
38

45.7
54.3

56
11

83.6
16.4

60
10

85.7
14.3

39
28

58.2
41.8

47
22

67.1
31.4

47
20

70.1
29.9

44
26

62.9
37.1

31
36

46.3
53.7

30
40

42.9
57.1

20
47

29.9
70.1

28
42

40.0
60.0

64
3

95.5
4.5

65
5

92.9
7.1

65
2

97.0
3.0

63
7

90.0
10.0

61
6

91.0
9.0

69
1

98.6
1.4

SD: Standard deviation; * T test; † Mann-Whitney U test; ‡ Chi-square test.

Mean±SD

0.556‡

0.729‡

0.231‡

0.366‡

0.688‡

0.213‡

0.506‡

0.098‡

0.046‡
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occlusion or long-term restenosis with patching,
these data were limited by small sample size
(particularly for acute occlusions) and lost to followup. In addition, treatment of restenosis is unclear
in this patient population. However, some authors
have recommended endovascular approach in risky
patients. Our symptomatic patients with restenosis
also underwent CEA. Similarly, Sarp Beyazpinar et
al.[13] suggested that risky patients could alternatively
undergo endovascular repair.
To date, a series of factors have been outlined in
the etiology of carotid restenosis. Local risk factors
include a small (<5 mm) internal carotid artery
diameter, a redundant or kinked internal carotid
artery, long arteriotomy, the use of tacking sutures,
extensive proximal disease, an excessively deep plane
of dissection, or failure to obtain precise arteriotomy
closure. Systemic risk factors for recurrence include
female sex, smoking, hyperlipidemia, diabetes mellitus,
young age at the time of endarterectomy, and the
presence of disseminated atherosclerosis.[14,15]
Despite these findings, it still remains unclear
whether local or systemic factors predominate in the
pathogenesis of carotid restenosis.[13] In our study,
there was no significant difference in the demographic
characteristics between the primary closure and
patched groups.[16-18] We also found out that preand postoperative factors did not show a significant
difference in terms of restenosis between the two
closure techniques.
On the other hand, the choice for closure technique
during CEA is still unclear.[10] Experience of the
surgeon, and size and nature of carotid artery may be
other factors which may guide the choice for closure
during CEA, as there is no gold standard. Although
our results showed no significant difference between
the two procedures, our clinical experience was in
favor of patch angioplasty. Uncu et al.[19] also reported
that patch angioplasty might be superior to primary
closure.
Surgical experience is also an important factor.
Many studies have indicated that inexperienced
surgeons perform a lower number of surgeries.
Therefore, postoperative complications would
increase.[20] Since we were unable to find a significant
difference between two groups, we believe that
surgeon’s daily experience plays an important role in
surgical preference.
The main limitations of this study include small
sample size and its single-center design.

In conclusion, preference of the carotid artery
closure technique can be both primary closure or patch
angioplasty. Our study results show no significant
difference in the restenosis rates between the groups,
suggesting that both techniques can be used safely.
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