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Abstract

Carotid endarterectomy (CEA) is widely used for cervical artery stenosis. In Japan, primary closure after 
endarterectomy has been a standard technique. Recently, the patch closure has been shown to be superior 
to the primary suture for the prevention of restenosis and ipsilateral stroke. This study evaluated the  
5- and 10-year outcomes following CEA with patch graft closure in our institution. Between January 2000 
and March 2013, 134 patients, who underwent CEA with patch graft closure were investigated in the 
current retrospective study. Among these patients, 102 CEAs in 97 patients were followed up for 5 years 
and 66 CEAs in 61 patients were for 10 years after the procedure. Restenosis was defined as >50% recur-
rent luminal narrowing at the endarterectomy site. In 5 years, symptomatic restenosis exhibited minor 
stroke in one patient at 58 months after CEA (restenosis rate 1.0%). The ipsilateral minor stroke occurred 
in three patients including the above case (2.9%). In 10 years, asymptomatic restenosis occurred in three 
patients in addition to the above symptomatic case (restenosis rate 6.1%), and the ipsilateral minor stroke 
occurred in four patients (6.1%). Carotid endarterectomy with patch graft exerted a high protective effect 
from restenosis up to 5 and 10 years in our institution. The number of carotid artery stenting is increasing 
all over the world but we speculated that the established surgical procedure of patched CEA prevented 
restenosis and ipsilateral stroke.
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Introduction

Atherosclerotic carotid artery stenosis causes tran-
sient ischemic attack and stroke. The endovascular 
treatment of carotid artery stenosis by percutaneous 
transluminal insertion of a stent is less invasive and 
an alternative to endarterectomy. However, whether 
carotid artery stenting (CAS) is superior to endarter-
ectomy at the points of perioperative complications, 
prevention of stroke, restenosis, and death is yet 
controversial. Therefore, endarterectomy remains 
an established surgical option of stroke prevention 
in symptomatic and selected asymptomatic patients 
with carotid artery stenosis. The North American 
Symptomatic Carotid Endarterectomy (NASCET) 
Trial and The Asymptomatic Carotid Atherosclerosis 

Study provide Class 1 evidence of superior outcomes 
with endarterectomy as compared to the medical 
therapy for the prevention of stroke.1–4) The rate of 
restenosis after carotid endarterectomy (CEA) was 
5–15% as reported previously5–7) and less frequent 
with CEA than CAS.8) Some studies emphasized that 
patch graft closure and eversion CEA are superior 
to conventional primary closure CEA at the point 
of restenosis, although this is yet controversial.9–12) 
Moreover, only a few studies reported the long-term 
outcome, while a majority reported the outcome after 
CEA with a follow-up period 30 days to 5 years.4,5,13,14) 
In Japan, primary closure after endarterectomy has 
been recognized as a standard closure technique; 
however, patch angioplasty with hemashield patch has 
been performed in Tokushima university since 2000.

In this retrospective study, we reported the inci-
dence of restenosis and ipsilateral stroke in a 5- and 
10-year follow-up of our patients who underwent 
CEA with patch graft closure for symptomatic and 
asymptomatic carotid artery stenosis.
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Materials and Methods

Between January 2000 and March 2013, 175 CEAs 
were performed in 166 patients with internal 
carotid artery (ICA) occlusive disease in our 
institution; 157 patients underwent unilateral 
CEAs, and the remaining nine patients under-
went bilateral CEAs and 134 patched CEAs and 
130 CASs were performed between January 2000 
and March 2013. CEA was performed as a first 
line procedure, and CAS was primarily applied 
for patients >75 years of age or those with heart 
disease or with high position bifurcation of ICA. 
Magnetic resonance imaging (MRI) was performed 
within 7 days after CEA.

A total of 41 CEAs in four patients received 
primary closure between 2001 and 2003 because 
the Hemashield woven Double Velour Finesse 
(Intervascular SAS, La Ciotat, France) could not 
be supplied in Japan. Thus, a total of 125 patients 
with 134 CEA received patch graft closure, while 
20 patients with unilateral CEA and four patients 
with bilateral CEAs were lost during the 5-year 
follow-up. A cohort of 98 patients with 102 CEAs 
received patch graft closure that was analyzed during 
the 5-year follow-up and 66 CEAs in 61 patients 
were in a 10-year follow-up (Fig. 1). Routinely, 
MRI, magnetic resonance angiography (MRA) was 
performed each year and Doppler ultrasonography 
was sometimes performed. Restenosis was defined 
as such when >50% recurrent luminal narrowing 
was observed at the endarterectomy site on MRA 
or Doppler ultrasonography using NASCET method. 
However, European Carotid Surgery Trial method was 
used in unusual cases that could not assessed by 
NASCET method. Stroke was defined as ipsilateral 
ischemic cerebral infarction. The medical records 
of the patients were reviewed to collect the data 
regarding patient characteristics, stroke, mortality, 
restenosis, and other surgical complications. From 
their hospital records, preoperative atherosclerotic 
risk factors were accessed.

Protocol of preoperative and intraoperative  
management

Antiplatelet medications were routinely administered 
preoperatively, ceased 3 days before the procedure, 
and re-administered 1 day after the procedure. Coro-
nary angiography was performed preoperatively to 
avoid intra and postoperative coronary artery events. 
The coronary artery stenting or bypass graft was 
performed preoperatively if necessary. The surgical 
procedures were performed under general anesthesia. 
The surgical techniques and methods of intraoperative 

neurofunctional monitoring were reported in 2007.15) 
The patch angioplasty with Hemashield woven Double 
Velour Finesse was performed with 6-0 Prolene 
(Ethicon Inc., Bridgewater, NJ, USA) after standard 
endarterectomy. Direct angiography or indocyanine 
green video angiography was performed after patch 
angioplasty. The hyperperfusion state was determined 
based on the increase in transcranial Doppler or 
regional saturation of oxygen. Moreover, sedation was 
accomplished by intravenous anesthesia to decrease 
and stabilize the intracranial and blood pressure.

Statistical analysis
Statistical analysis was performed using JMP 13.2 

(SAS Institute Inc., Cary, NC, USA). Univariate and 
multivariate logistic regression analysis was performed 
to identify the risk factors that affected restenosis. 
The stepwise forward selection method was used 
to select the factors for multivariate analysis. The 
P-value threshold for entry was set at 0.05, and 
P  <0.05 was considered as statistically significant.

Fig. 1  Baseline characteristics of patients who under-
went carotid endarterectomy with patch graft closure in 
5- and 10-year follow-up. CEA, carotid endarterectomy.
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Results

About 106/134 (79.1%) CEAs were monitored for 
>5 years post-surgery. The baseline characteristics of 
the patients, excluding the dead cases, are shown in 
Table 1. The average age of the patients at the time of 
surgery was 68 ± 7.3 years, and 85.3% were males. 
Symptomatic carotid artery stenosis was observed in 
62/102 (63.4%) patients; of these, 83/102 (81.4%) had 
hypertension, and approximately half had a smoking 
history and hyperlipidemia. Moreover, 39/102 (38.2%) 
had diabetes, and 16/102 (15.7%) had prior coronary 
disease. Four patients died after operation and two 
because of cancer, while one patient died of cardio-
genic cerebral infarction and one more patient died 
due to unknown reason within 5 years.

Symptomatic restenosis, which induced minor 
stroke on parietal cortex, occurred in one patient 
(restenosis rate 1.0%) at 58 months after CEA, while 
non-symptomatic restenosis was not observed in any 
patient. Ipsilateral stroke occurred in three patients 
including the above case (2.9%) and minor stroke 
occurred in all cases. The causes of minor stroke 
were diagnosed as perforating branch infarctions 
unrelated to the procedure without the above symp-
tomatic case. In the above case with symptomatic 
restenosis, MRA showed no restenosis 1 year before. 
Additional CAS was performed in the above case.

Among the 102 CEAs, asymptomatic high signals 
were detected on postoperative diffusion-weighted 
image (DWI) in six patients, while one was sympto-
matic. This symptomatic patient presented contralat-
eral hemiparesis 2 days after the surgery due to the 
occlusion of the ipsilateral internal carotid artery 
on MRA that was treated by revascularization. In 
addition, the hemiparesis was almost recovered. 
Furthermore, five cases were in the hyperperfusion 
state without neurological deterioration although 
stringent blood pressure control was essential.  

Neither death nor acute myocardial infarction was 
observed within 30 days after surgery. There were 
two cases of transient cranial nerve injury, one of 
subcutaneous hematoma that needed reoperation, one 
of transient C5 palsy, one of interstitial pneumonia in 
1, one of heart failure that recovered fully (Table 2).

Between January 2000 and March 2008, 104 patched 
CEAs were performed in 95 patients. These 95 patients 
received unilateral CEAs, while the remaining nine 
patients received bilateral CEAs. Among the 104 
CEAs, 76 CEAs in 71 patients were followed up for 
10 years post-surgery. We found that 10 patients died 
after operation and seven because of cancer, while 
one patient died of cardiogenic cerebral infarction 

Table 1  Baseline characteristics of the patients excluding 
dead cases who underwent carotid endarterectomy with 
patch graft closure in 5-year follow-up

No. (%) N = 102

Age (years), mean ± SD 68 ± 7.3

Gender (Male) 87 (85.3)

Symptomatic 64 (62.8)

Atherosclerotic risk factors

  Smoking 49 (48.0)

  Hyperlipidemia 51 (50.0)

  Hypertension 83 (81.4)

  Diabetes 39 (38.2)

  Past coronary artery disease 16 (15.7)

Table 2  Major and minor mortality in 102 patched CEAs

Number of patients

Symptomatic Asymptomatic

Major morbidity/
mortality (Stroke, 
death)

 � Postoperative  
DWI-positive 1 6

 � Hyperperfusion 
syndrome 0 5

  Stroke 1

  Death 0

 � Acute myocardial 
infarction 0

Minor morbidity

  Local complication

  Cranial nerve injury Permanent Transient

  Laryngeal nerve 0 1

  Hypoglossal nerve 0 1

  C5 palsy 0 1

 � Neurological 
deterioration 0 2

  Bleeding, hematoma 1

 � Retinal artery 
thrombosis 1

 � Systemic 
complication

  Operation related None

 � Operation non-
related

  �  Severe 
pneumoniae 1

    Heart failure 1

  �  Acute myocardial 
infarction 0

CEA: carotid endarterectomy, DWI: diffusion-weighted image.
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and one patient died due to suicide and one more 
patient died due to unknown reason within 10 years. 
The tracking rate was 73.1% (76/104). Symptomatic 
restenosis occurred in one patient at 58 months after 
CEA, and non-symptomatic restenosis was observed 
in three patients (symptomatic restenosis rate 1.5%, 
all restenosis rate 6.1%). Ipsilateral stroke occurred 
in four patients including the above symptomatic 
restenosis case (6.1%), and minor stroke occurred in 
all cases. The causes of minor stroke were diagnosed 
as perforating branch infarctions unrelated to the 
procedure without the symptomatic restenosis case. 
The restenosis time and risk factors of symptomatic 
and asymptomatic restenosis in all cases are listed 
in Table 3, and cervical MRA at restenosis were 
shown in Fig. 2. Rapid restenosis within 1 year was 
occurred in Case 1 at the 58 months and in Case 2 
at the 84 months, respectively. On the other hand, 
slow restenosis within 3 years was occurred in 
Case 3 at the 105 months and in Case 4 at the 119 
months, respectively. All the restenosis cases were 

smokers before the procedure, although whether 
they were current smokers at the time of restenosis 
could not be deduced. Furthermore, the univariate 
and multivariate analysis demonstrated that the 
restenosis risk was significantly higher in smokers 
compared with the patients without smoking history 
(P = 0.0362, 0.0342, respectively). As shown in  
Fig. 2, a part of restenosis was variable. Consequently, 
no symptomatic restenosis was observed between 
5 and 10 years post-surgery. However, in Case 3, 
additional CAS was needed because amaurosis fugax 
occurred in 11 years post-surgery.

Discussion

A prolonged lifespan of more than a decade and 
improved long-term outcomes of the surgical 
procedures are required. In this study, we reported 
long-term outcomes after CEA in our institution. 
Literature suggested that patched CEA could reduce 
the combined perioperative and long-term risk of 

Fig. 2  Cervical MRA when 
restenosis was pointed out 
in all cases of restenosis. 
Case 1 only showed sympto-
matic restenosis 58 months 
after patched CEA and 
other three cases showed 
asymptomatic restenosis 
84, 105, 119 months after 
CEA, respectively. Case 3 
showed amaurosis fugax in 
11 years after surgery and 
CAS was performed. CEA, 
carotid endarterectomy.

Table 3  Restenosis time and the risk factors of the patients with restenosis after patched CEA

Case Restenosis 
time (M) Symptomatic Age Sex Smoking Hyperlipidemia Hypertension Diabetes Past coronary 

artery disease

1 58 + 72 M + − − − +

2 84 − 57 M + + + + −

3 105 − 59 M + − − − −

4 119 − 71 F + − + − −

CEA: carotid endarterectomy.
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stroke and the risk of restenosis as compared with 
the primary closure; however, large prospective 
studies are essential to prove the superiority of 
patched CEA.11,16,17) Paraskevas et al.12) reported a 
systematic review and meta-analysis of outcomes 
following eversion vs. conventional endarterectomy 
in randomized controlled trials and observational 
studies. In this meta-analysis, eversion and patched 
CEA was superior to the conventional CEA with 
respect to the perioperative outcomes (death, stroke, 
death/stroke) and late stenosis (>50%). Although the 
duration of late stenosis was not clearly defined, 
the follow-up period in a majority of the studies 
was within 5 years. Interestingly, >5-year follow-up 
data of patched CEA were limited.5,13)

As shown in Table 2, the rate of permanent 
perioperative complications was low (1.0%) in 
our cohort although transient complications were 
observed in five patients (4.9%). Compared with 
that described in previous studies,18–20) the current 
results were acceptable. First, the neurosurgeons 
performed endarterectomy and patch graft closure 
using a microscope and under general anesthesia. 
Second, postoperative management with intra and 
postoperative monitors were presumed to decrease 
the incidence of postoperative wound hemorrhage 
and prevent the intracranial hemorrhage and hyper-
perfusion syndrome. This might also explain the 
need for CAS in high-risk patients for CEA.

In the current series, restenosis rate and ipsi-
lateral stroke rate were 1.0% and 2.9% in 5 years 
and 6.1% and 6.1% in 10 years after patched CEA, 
respectively. Avgerinos et al.9) reported that 5- and 
10-year restenosis rate of >50% and ipsilateral stroke 
were 15.4% and 24.3% and 4.5% and 8.5%, respec-
tively. On the other hand, Lamba et al.14) reported 
the long-term outcomes after primary closure CEA of 
an average-volume neurosurgeon and demonstrated 
that 5- and 10-year restenosis rate of >70% and 
ipsilateral stroke were 2.1% and 3.2% and 1.6% 
and 2.1%, respectively. As shown in Fig. 2, 5- and 
10-year restenosis rate of >70% in 2 cases (Cases 
1 and 4) was 1.0% and 3.0%, respectively, and 
these results were comparable to the outcomes of 
the study by Lamba et al. Although the definition 
of restenosis by Lamba et al. was different from 
the current study, the results were surprisingly 
excellent; however, the risk factors of restenosis 
were not discussed. Chan et al. reported that a low 
restenosis rate was associated with never smokers 
in both univariate and multivariate analysis (median 
follow-up time: 40 months). Garzon-Muvdi et al.21) 
reported that restenosis-free survival was influenced 
by the presence of hyperlipidemia, age, and family 
history of stroke. As shown in Table 3, all the four 

patients, who showed restenosis within 10 years 
after patched CEA, were smokers. In the current 
cohort, a high restenosis rate was found to be asso-
ciated with smokers before the procedure in both 
univariate and multivariate analysis (P = 0.0362, 
0.0342, respectively). The other atherosclerotic risk 
factors were not significantly associated with reste-
nosis. In our series, appropriate medical treatment 
to risk factors was performed after procedure, but 
we could not access that smokers before procedure 
could quit smoking after procedure. In past, various 
factors such as female and intimal hyperplasia were 
pointed out expect the above atherosclerotic risk 
factors.22–25) In this series, we could not access the 
factors because there were few females and none of 
female showed restenosis in 5 years and one showed 
restenosis among 11 female patients in 10 years. 
Concerning to intimal hyperplasia, we reviewed 
the reports of Doppler ultrasonography, because we 
could not access with conventional MRA. Slight 
or mild intimal hyperplasia was not detected in  
1 year after procedure in almost cases and detected 
in 3 years approximately in half, but there was no 
lesion where intimal hyperplasia caused significant 
stenosis. It was considered that patch could thicken 
the diameter of ICA and did not cause significant 
stenosis even if intimal hyperplasia happened.

Till now no past reports on the site and pattern 
of restenosis was debated. However, in our series, 
there was no tendency and it had various forms 
such as proximal side, distal side, bifurcation part, 
and dissection like appearance hence it is clear that 
restenosis is very uncertain pattern.

Restenosis rates after CEA are less frequent with 
CEA than CAS.8) In 2017, Kumar et al.26) reviewed 
restenosis and recurrent ipsilateral stroke after CEA 
and CAS. The weighted incidence of restenosis 
>70% was 4.1% after patched CEA with median  
32 months and 10% after CAS with median 62 
months. Heo et al.27) reported early outcomes and 
restenosis rates between CEA and CAS using the 
propensity score matching analysis on 1184 patients 
at a single institution (654 CEA and 530 CAS). 
To compare with the CEA group, the CAS group 
showed a relatively high 30-day incidence of major 
adverse clinical events (2.4% vs. 7.5%) but a low 
incidence of procedure-related complications (5.3% 
vs. 1.5%). During a mean follow-up of 49.1 months, 
restenosis rates were higher after CAS than after 
CEA (1.5% vs. 1.0% at 12 months and 5.4% vs. 
1.2% at 24 months, respectively). Herein, we did 
not assess the CAS group in our institution and 
presumed that our results were acceptable at the 
points of procedure-related complications, early 
and late restenosis rate, and ipsilateral stroke rate.
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Limitations

This study has some limitations. First, this study 
was not prospective. Second, 28/134 CEAs (20.1%) 
during the 5-year follow-up and 28/104 patients 
(26.9%) during the 10-year follow-up were lost. 
Third, we did not compare with the simultaneous 
our CAS group in our institution. Nevertheless, this 
study represented one of the longest-duration studies 
of CEA with patch graft from a single institution.

Conclusion

We demonstrated that CEA with patch graft closure 
is an established procedure for preventing ipsi-
lateral stroke and restenosis with carotid artery 
stenosis. Symptomatic restenosis occurred in only 
one case at 58 months after patched CEA, and the 
frequency in 5- and 10-year follow-up was 1.0% 
and 1.5%, respectively. Despite limitations, the pre, 
intra, and postoperative management and surgical 
skill provided satisfactory long-term outcomes for 
patched CEA.
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