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Long-term outcomes of carotid artery 
stenting in patients with carotid artery 
stenosis: A single-center 14-year 
retrospective analysis
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Gi Yong Yun
Department of Neurosurgery, Soonchunhyang University Cheonan Hospital, Cheonan, Korea

Objective: Carotid artery stenting (CAS) is currently widely used for the treatment of 
carotid artery stenosis. The objective of this study was to analyze the outcomes of 
CAS performed in a single institution.

Methods: We retrospectively analyzed 313 CAS cases from January 2007 to December 
2020, including 206 (66%) symptomatic and 107 (34%) asymptomatic cases. 
Procedure-related morbidity and mortality were assessed. Rates of periprocedural 
(≤30 days after CAS) and postprocedural ipsilateral strokes (>30 days after CAS) 
were also assessed. Logistic regression analysis was used to identify risk factors for 
the periprocedural complication, in-stent restenosis (ISR), and ipsilateral stroke. 

Results: The success rate of CAS was 98%. Among 313 cases, 1 patient died due to 
hyperperfusion-related intracerebral hemorrhage (ICH). The CAS-related mortality 
rate was 0.31%. The overall incidence of periprocedural complications is 5.1%. A risk 
factor for periprocedural complication was a symptomatic carotid artery stenosis 
(7.3% vs. 0.9%, p=0.016). Twenty cases of ISR occurred during 63.7±42.1 months 
of follow-up. The overall incidence of ISR was 10.2% (20/196). A risk factors for ISR 
were diabetes mellitus (17.6% vs. 5.7%, p=0.008) and patients who used Open-cell 
stents (19.6% vs. 6.9%, p=0.010). The overall incidence of ipsilateral stroke is 5.6%. A 
risk factors for ipsilateral stroke was ISR (95% CI, p=0.002). 

Conclusions: CAS is a safe and effective procedure for carotid artery stenosis. 
Although the incidence of complications is low, fatal complication such as hyper-
perfusion-related ICH can occur. To prevent hyperperfusion-related ICH, several methods 
such as strict blood pressure (BP) control, intentional less widening of stenotic 
segment should be used. To prevent ISR or stroke occurrence, special attention 
should be paid to patients who have ISR or ipsilateral stroke risk factors.
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between January 2007 and December 2020 (Fig. 1). 
Except for the follow-up loss cases, the mean follow-up 
period was 63.7±42.1 months (5.4±3.5 years). Symp-
tomatic patients were defined as those who had a history 
of cerebral infarction or transient ischemic attack (TIA) 
symptoms within six months. Symptomatic patients 
with stenosis of more than 50% according to the North 
American Symptomatic Carotid Endarterectomy Trial 
(NASCET) criteria and asymptomatic patients with 
more than 70% stenosis with perfusion defect according 
to NASCET criteria were included as CAS indications. 
Patient demographics, procedure details, angiographic 
and clinical follow-up data were collected. We assessed 
procedure-related morbidity and mortality. Proce-
dure-related mortality was defined as 30-day mortality. 
This was defined as death due to complications that 
occurred within 30 days after CAS. Periprocedural 
stroke was defined as a stroke that occurred within 30 
days after CAS. Postprocedural stroke was defined as 
stroke that occurred 30 days after CAS. Rates of peripro-
cedural and postprocedural ipsilateral strokes were 

INTRODUCTION

Carotid artery angioplasty and stenting (CAS) is now 
being widely used for the treatment of carotid artery 
stenosis. Recent studies have shown that CAS is not inferior 
to carotid endarterectomy (CEA).4)6) In the meantime, 
there have been many studies on the short-term 
outcome of CAS and studies comparing CEA and CAS, 
but there are not many studies on the long-term outcome 
of CAS.3)8) The purpose of this study was to evaluate the 
overall outcome and risk factors for periprocedural, 
postprocedural complications in patients with carotid 
artery stenosis who underwent CAS in a single institution, 
and to evaluate the long-term clinical and angiographic 
outcomes of patients.

MATERIALS AND METHODS

Out of total 333 cases, 20 cases were excluded and this 
retrospective study included a total of 313 CAS procedures 

10 patients excluded
CAS during mechanical

thrombectomy

10 patients excluded
CAS during coil  
embolization

107 asymptomatic
patients were included

206 symptomatic
patients were included

Total 313 cases
were retrospectively

analyzed

216 symptomatic patients
with stenosis of more than 50%

117 asymptomatic patients
with stenosis of more than 70%

and perfusion defect

Fig. 1. Patients flow chart. Inclusion criteria were as follows: Symptomatic patients with carotid stenosis of more than 50% according to 
NASCET criteria and asymptomatic patients with more than 70% carotid stenosis with perfusion defect. Exclusion criteria were as follows: 
age less than 18 years, simultaneous carotid stenting during mechanical thrombectomy in acute ischemic stroke patients, and carotid 
stenting during coil embolization. CAS, carotid artery stenting; NASCET, North American Symptomatic Carotid Endarterectomy Trial 
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assessed. Exclusion criteria were as follows: age less than 
18 years, simultaneous carotid stenting during mechan-
ical thrombectomy in acute ischemic stroke patients, 
and carotid stenting during coil embolization. Peripro-
cedural stroke was classified into minor and major 
according to whether symptoms were temporary or 
permanent. In-stent restenosis (ISR) was defined as rest-
enosis of more than 50% according to NASCET criteria. 

Preoperative patient evaluation and medication
Preoperative imaging studies included carotid ultra-

sound, carotid computed tomography angiography 
(CTA), brain and neck magnetic resonance angiography 
(MRA), perfusion CT or magnetic resonance image 
(MRI), brain single photon emission computed tomog-
raphy (SPECT), and digital subtraction angiography. 

Dual antiplatelets of aspirin 100 mg and clopidogrel 
75 mg were routinely taken for at least 7 days before the 
procedure. Antiplatelet resistance was assessed with 
Verify Now assay (Accriva, San Diego, CA, USA). If the 
preoperative P2Y12 level was 240 or higher, 200 mg of 
cilostazol was added or clopidogrel was changed to 10 mg 
of prasugrel. To confirm the risk of myocardial infarction, 
all patients were routinely evaluated for cardiac risk in 
consultation with a cardiologist before the procedure.

Carotid angioplasty and stenting procedures
All interventional procedures were performed by 

two endovascular neurosurgeons. All procedures were 
performed under local anesthesia via transfemoral 
routes. During the procedure, oxygen saturation, elec-
trocardiogram, and blood pressure were monitored. 

After the placement of an 8F short arterial introducer 
sheath on the femoral artery, blood sampling for acti-
vated clotting time (ACT) measurement was done. 
Intravenous bolus injection of 50 IU to 60 IU/kg heparin 
was done depending on the ACT level in all cases. An 
8F soft-tip guiding catheter was placed in the common 
carotid artery below the carotid stenosis. A distal 
embolic protection device was employed in all cases. 

Preballooning was done in all cases. Before balloon 
dilatation of stenotic carotid artery, 0.25 mg of atropine 

was routinely administered. The vital sign was closely 
monitored. When the pulse rate falls below 50, when 
the systolic blood pressure falls below 80 mmHg, it was 
controlled using an atropine or inotropic agent. The 
selection of the stent was dependent on surgeons’ pref-
erence. Except for patients with remaining 50% or more 
stenosis after stent deployment, post-ballooning was not 
performed in all patients. After the procedure, patients 
were admitted to the intensive care unit for one day as a 
routine. MRI and MRA were taken within 24 hr after CAS. 
Two cases of hyperperfusion-related intracerebral hemor-
rhage (ICH) occurred in 2008 and 2009 in our institution. 
After that, our institution intentionally less widened the 
stenotic segment, leaving an appropriated amount of 
residual stenosis to prevent hyperperfusion syndrome. 

Follow-up protocol
Patients underwent follow-up carotid CTA six months 

after the procedure to evaluate ISR. After that, they were 
followed up by carotid CTA or carotid ultrasound every 
year. Dual antiplatelet medication was continued for six 
months after CAS. Clopidogrel was discontinued after 
six months and aspirin was maintained lifelong. 

Statistical analysis
Statistical analyses were performed using SPSS 26.0 

for Windows (SPSS Inc., Chicago, IL, USA). Continuous 
variables are expressed as mean±SD. The significant 
difference between asymptomatic and symptomatic 
groups was examined using independent sample t-tests 
for continuous variables or Chi-square tests for categor-
ical variables. Logistic regression analysis was used to 
identify risk factors for the periprocedural complication, 
ISR, and ipsilateral stroke. A p-value of less than 0.05 
was considered statistically significant.

RESULTS

Six cases failed due to vascular tortuosity and calci-
fication. A total of 313 cases of carotid artery stenting 
were performed. The success rate of carotid artery 



Beom Mo Kang et al.

163  

Journal of Cerebrovascular and  
Endovascular Neurosurgery

Volume 25 · Number 2   |   June 2023

stenting was 98% (307/319). Among them, 206 cases 
were symptomatic and 107 cases were asymptomatic. 
Table 1 summarizes baseline characteristics of CAS 
cases. Low-density lipoprotein (LDL)-cholesterol and 
total cholesterol levels were significantly higher in 
the symptomatic group. Left carotid artery lesion was 
more frequent in the symptomatic group. Most (89.8%) 
carotid stenosis cases involved carotid bulb. Overall 
debris capture rate within the filter device during the 

procedure was 37.9%. Open-cell stents were used in 242 
(77.3%) cases. Closed cell stents were used in 71 (22.7%) 
cases. 

Among 313 cases, 1 patient died due to hyperperfu-
sion-related ICH. The CAS-related mortality rate was 
0.31%. Periprocedural stroke occurred in 16 (5.1%) 
cases (1 in asymptomatic and 15 in symptomatic group). 
Periprocedural stroke rate was significantly higher in 
the symptomatic group than in the asymptomatic group 

Table 1. Baseline characteristics of carotid artery stenting cases

Variable Total
(n=313) (%)

Asymptomatic group 
(n=107) (%)

Symptomatic
group (n=206) (%) p-value

Age, mean±SD (years) 69.4±9.3 70.5±8.3 68.8±9.7 0.126

Female  53 (16.9) 17 (15.9)  36 (17.5) 0.772

Hypertension 239 (76.4) 85 (79.4) 154 (74.8) 0.355

Diabetes mellitus 124 (39.6) 42 (39.3)  82 (39.8) 0.924

Smoking  98 (31.3) 28 (26.2)  70 (34.0) 0.157

LDL  cholesterol, mean±SD (mg/dL)  97.6±38.6  88.2±37.0 102.4±38.6 0.002

Total cholesterol, mean±SD (mg/dL) 166.8±44.2 157.3±42.5 171.7±44.4 0.006

Side
    Left
    Right 

157 (50.2)
156 (49.8) 

43 (40.2)
64 (59.8)

114 (55.3)
 92 (44.7)

0.011

Blub lesion 281 (89.8) 96 (89.7) 185 (89.8) 0.981

Stenosis length, mean±SD (mm) 17.1±10.1  17.5±10.6 16.9±9.9 0.599

Previous stroke history 117 (37.4) 38 (35.5)  79 (38.3) 0.623

Pre-procedural NASCET, mean±SD (%)  80.3±13.1  79.8±11.4  80.6±14.0 0.628

Post-procedural NASCET, mean±SD (%)  20.6±13.3  23.9±13.4  18.9±12.9 0.002

Filter debris capture  80 (37.9) 23 (32.9)  57 (40.4) 0.286

Stent type used
    Open cell*
    Closed cell**

242 (77.3)
 71 (22.7)

77 (72.0)
30 (28.0)

165 (80.1)
 41 (19.9)

0.103

* Protégé, Precise, Acculink, ** Carotid wall stent. 
LDL, low-density lipoprotein; NASCET, North American Symptomatic Carotid Endarterectomy Trial 

Table 2. Periprocedural stroke and CAS-related mortality

Peri-procedural stroke Total (n=313) (%) Asymptomatic group  
(n=107) (%)

Symptomatic group  
(n=206) (%)

Minor 12 0 12
    Thromboembolic 11 0 11
    Hyper perfusion  1 0  1

Major  4 1  3
    Thromboembolic  2 1  1
    Hyper perfusion ICH  2 0  2

Overall (p-value=0.016) 16 (5.1)   1 (0.9) 15 (7.3)

CAS-related mortality   1 (0.31) 0 (0)   1 (0.49)

CAS, carotid artery stenting; ICH, intracerebral hemorrhage 
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(7.3% vs. 0.9%, p=0.016) (Table 2). Of 16 cases, 13 had 
thromboembolic complications, including two major 
complications. The first case developed middle cere-
bral artery (MCA) occlusion during the procedure in a 
patient with severe symptomatic carotid stenosis (95%), 
which was managed with mechanical thrombectomy. 
However, neurological sequelae remained. The second 
case was asymptomatic 81% carotid stenosis. Hemipa-
resis occurred immediate after CAS. Although cerebral 
angiography demonstrated no definite occlusion or 
stenosis of cerebral arteries, left cerebral hemisphere 
border zone infarction was confirmed on MRI. He had 
neurological sequelae. Of three cases with hyperperfu-
sion syndrome, two developed hyperperfusion-related 
ICH on basal ganglia. Of these two patients, one died 
and the other patient had severe neurological sequelae 
(modified Rankin Scale grade 5) although craniotomy 
and hematoma evacuation were performed for both 
patients. Periprocedural stroke risk was 8.7 times higher 
in those with symptomatic lesions (Table 3). 

Postprocedural complications were largely classified 
into ISR and occurrence of ipsilateral stroke. Cases with 
follow-up loss were excluded. Among a total of 196 cases 
(72 asymptomatic and 124 symptomatic), 20 (10.2%) 
ISR cases occurred during a mean 63.7±42.1 months 
follow-up period (15 symptomatic and 5 asymptom-
atic lesions), including 15 within 3 years and 5 after 3 
years. Table 4 summarizes baseline characteristics of ISR 
occurring in CAS. Those who used closed cell stents, 
those who had diabetics, and those who had right sided 
lesions developed ISR more frequently (p<0.05). The rate 
of ISR was higher in diabetic patients (17.6% vs. 5.7%, 

p=0.008) and in patients who used closed cell stents 
(19.6% vs. 6.9%, p=0.010). Logistic regression analysis 
was performed to identify risk factors for ISR. Diabetic 
patients were 3.47 times (95% CI, p=0.031) more likely 
to develop ISR. Patients who used Open-cell stents were 
0.33 times (95% CI, p=0.034) less likely to develop ISR 
than who those who used closed cell stents (Table 5).

Table 6 summarizes the course of treatment for 20 
cases of ISR in our institution. Retreatment was planned 
for 18 cases. Of these 18 cases, two carotid artery occlu-
sions occurred after CAS. One of them was treated with 
carotid artery bypass surgery and the other was treated 
with contralateral CAS to augment collateral circula-
tion for contralateral moderate carotid stenosis. Three 
patients refused retreatment due to cost issues. Of the 
remaining 13 cases, 9 cases underwent CAS again and 
4 cases underwent balloon angioplasty. However, CAS 
failed in one patient due to carotid artery tortuosity. Of 
the four cases who underwent balloon angioplasty, two 
cases had ISR recurrence, 1 showed improvement with 
the best medical treatment, and 1 had a follow-up loss. 
In 9 cases who underwent CAS again, ISR recurred in 
two cases. One patient showed improvement after redo 
CAS. The other case had a follow-up loss. 

Among a total of 195 cases (70 asymptomatic and 
125 symptomatic), ipsilateral stroke was identified in 
11 cases (5.6%, 10 symptomatic, and 1 asymptomatic). 
Table 7 shows the results of logistic regression analysis 
for risk factors of ipsilateral stroke. ISR and total choles-
terol level were independent risk factors for ipsilateral 
stroke during follow-up. 

Table 3. Risk factors for peri-procedural complications in patients with carotid artery stenting (16/313)

Independent variable
Univariate analysis Multivariate analysis

OR (95% CI) p-value OR (95% CI) p-value

Diabetes mellitus 1.197 (0.434-3.301) 0.729 1.464 (0.498-4.305) 0.489

Smoking 1.337 (0.472-3.789) 0.585 1.070 (0.366-3.128) 0.902

Previous stroke history 1.130 (0.695-1.835) 0.623 0.325 (0.087-1.219) 0.096

Total cholesterol 1.003 (0.992-1.014) 0.576 1.000 (0.988-1.012) 0.974

Symptomatic patients  8.325 (1.084-63.901) 0.042  8.654 (1.108-67.594) 0.040

Stent type (open cell/closed cell) 1.287 (0.356-4.648) 0.700 1.158 (0.309-4.344) 0.827
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DEMONSTRATION CASES

Case 1
Carotid artery stenting was performed for symp-

tomatic left carotid artery stenosis (NASCET 95%) in 
a 69-year-old male patient. He was admitted via the 
emergency room due to right upper extremity motor 
weakness and dysarthria. MR perfusion showed severe 

perfusion defect on the left cerebral hemisphere. The 
procedure was performed using a Precise Stent (Cordis, 
Santa Clara, CA, USA). Twenty minutes after the proce-
dure, sudden motor dysphasia and worsening of right 
hemiparesis developed. At that time, his systolic blood 
pressure had risen to 150 mmHg. Although his blood 
pressure (BP) dropped immediately to 100 mmHg, 
hemiparesis and dysphasia aggravated. Brain CT showed 

Table 4. Baseline characteristics of in-stent restenosis (ISR)

Variable Total
(n=196) (%)

No in-stent restenosis  
(n=176) (%)

In-stent restenosis  
(n=20) (%) p-value

Age, mean±SD (years) 67.1±9.3 67.1±9.4 67.9±9.4 0.718

Follow up period, mean±SD (months)  63.7±42.1  62.6±42.3  72.8±41.0 0.308

Female  34 (17.3)  31 (17.6)  3 (15.0) 0.999

Hypertension 150 (76.5) 133 (75.6) 17 (85.0) 0.418

Diabetes mellitus  74 (37.8)  61 (34.7) 13 (65.0) 0.013

Smoking  65 (33.2)  56 (31.8)  9 (45.0) 0.235

LDL  cholesterol, mean±SD (mg/dL)  96.1±36.2  96.2±36.9  95.7±29.3 0.954

Total cholesterol, mean±SD (mg/dL) 167.9±43.4 168.9±43.8 158.9±39.7 0.328

Side
    Left
    Right 

 97 (49.5)
 99 (50.5)

 92 (52.3)
 84 (47.7)

 5 (25.0)
15 (75.0)

0.021

Blub lesion 175 (89.3) 155 (88.1)  20 (100.0) 0.137

Stenosis length, mean±SD (mm) 16.4±9.3 16.1±9.1  19.3±10.8 0.135

Previous stroke history  70 (35.7)  64 (36.4)  6 (30.0) 0.574

Pre-procedural NASCET, mean±SD (%)  80.0±13.6  79.8±13.7  81.9±13.1 0.517

Post-procedural NASCET, mean±SD (%)  20.0±13.3  19.9±12.8  20.6±17.2 0.881

Stent type used
    Open cell*
    Closed cell**

145 (74.0)
 51 (26.0)

135 (76.7)
 41 (23.3)

10 (50.0)
10 (50.0)

0.01

* Protégé, Precise, Acculink, ** Carotid wall stent.
LDL, low-density lipoprotein; NASCET, North American Symptomatic Carotid Endarterectomy Trial 

Table 5. Risk factors for in-stent restenosis (ISR) in patients with carotid artery stenting (20/196)

Independent variable
Univariate analysis Multivariate analysis

OR (95% CI) p-value OR (95% CI) p-value

Hypertension 1.832 (0.512-6.554) 0.352 1.514 (0.381-6.022) 0.556

Diabetes mellitus 3.501 (1.327-9.235) 0.011 3.468 (1.123-10.711) 0.031

Smoking 1.753 (0.687-4.472) 0.240 1.188 (0.409-3.451 0.752

LDL  cholesterol 1.000 (0.987-1.013) 0.953 1.006 (0.991-1.021) 0.458

Previous stroke history 0.750 (0.275-2.048) 0.575 0.479 (0.153-1.493) 0.204

Side (right/left side) 3.286 (1.145-9.431) 0.027 2.957 (0.978-8.943) 0.055

Stent type (open cell/closed cell) 0.304 (0.118-0.780) 0.013 0.326 (0.116-0.917) 0.034

LDL, low-density lipoprotein
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ICH on ipsilateral basal ganglia and intraventricular 
hemorrhage (IVH). Emergency decompressive craniec-
tomy and hematoma removal were performed because 
his condition deteriorated progressively. It was very diffi-
cult to control bleeding from hematoma cavity during 
surgery because of the antiplatelet and anticoagulant 
therapy, although heparin was reversed with protamine 
sulfate immediately after brain CT. After surgery, his 

neurological status deteriorated. He progressed to brain 
death and eventually died (Fig. 2).

Case 2
Carotid artery stenting was performed for the right 

symptomatic carotid artery stenosis (NASCET 72%) in a 
67-year-old male patient. The procedure was performed 
using a Carotid WALLSTENT (Boston Scientific, USA). 

Table 6. Course of in-stent restenosis (ISR) retreatment

Case Age/Sex ISR grade ISR 
occurrence years

Diabetes 
mellitus

Previous stent 
used Retreatment Complication

1 63/M 50~70% 2 0 Protégé CAS None

2 74/M >70% 4 1 Protégé CAS ISR Recur

3 70/F >70% 0.5 1 Protégé Balloon angioplasty ISR Recur

4 59/F >70% 4 1 Protégé Balloon angioplasty ISR Recur

5 74/F 50% 5 1 Protégé BMT None

6 69/M >70% 2 0 Precise Balloon angioplasty None

7 84/M 50~70% 0.5 0 Protégé CAS refuse (BMT)

8 78/M >70% 1.5 1 Protégé CAS None

9 72/M 50~70% 5 1 Protégé CAS fail (BMT) None

10 71/M 100% 0.2 0 Protégé Contralateral CAS None

11 45/M >70% 1.5 1 Wall stent CAS ISR Recur

12 72/M 50% 0.5 1 Wall stent BMT None

13 69/M 50~70% 1 1 Wall stent CAS None

14 69/M >70% 1 0 Wall stent CAS None

15 73/M 50% 9 0 Wall stent CAS refuse (BMT)

16 60/M 50% 1 0 Wall stent Balloon angioplasty None

17 67/M 50% 0.3 1 Wall stent CAS None

18 47/M 50~70% 3 1 Wall stent CAS refuse (BMT)

19 74/M 50% 1.5 1 Wall stent CAS None

20 67/M 100% 1 1 Wall stent Carotid bypass None

CAS, carotid artery stenting; BMT, best medical treatment

Table 7. Risk factors for ipsilateral stroke in patients with carotid artery stenting (11/195)

Independent variable
Univariate analysis Multivariate analysis

OR (95% CI) p-value OR (95% CI) p-value

Diabetes mellitus  3.281 (0.926-11.630)  0.066  1.953 (0.355-10.757) 0.442

Previous stroke history  1.098 (0.310-3.891)  0.885  1.365 (0.273-6.825) 0.705

Total cholesterol  0.984 (0.967-1.001)  0.069  0.974 (0.950-0.999) 0.043

Symptomatic patients  6.000 (0.752-47.892)  0.091  3.721 (0.402-34.478) 0.247

ISR patients 17.786 (4.485-70.536) <0.001 12.332 (2.453-61.989) 0.002

ISR, in-stent restenosis 
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Fig. 2. Digital subtraction angiography and brain CT image of demonstrative case 1 showing hyperperfusion-related ICH on 
left basal ganglia. (A) Preoperative digital subtraction angiography showing NASCET 95% stenosis, (B) Postoperative digital 
subtraction angiography showing residual stenosis about 30% using NASCET criteria, (C) Brain CT image at 20 minutes 
after procedure showing hyperperfusion-related ICH on left basal ganglia and intraventricular hemorrhage, (D) Postoperative 
brain CT image showing craniectomy and catheter insertion state. CT, computed tomography; ICH, intracerebral hemor-
rhage; NASCET, North American Symptomatic Carotid Endarterectomy Trial
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Carotid artery occlusion was identified at 12-month 
follow-up imaging. Extracranial-intracranial bypass 

surgery was performed to rescue the patient. The patient 
was discharged home without any complications (Fig. 3).

B

D

A

C

Fig. 3 Continue on next page
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DISCUSSION

In this study, the periprocedural stroke rate and 
periprocedural major stroke rate after CAS were 5.1% 
and 1.28%, respectively. Periprocedural stroke risk was 
8.7 times higher in those with symptomatic lesions. 
Carotid Revascularization Endarterectomy versus 
Stenting Trial (CREST) has analyzed CAS and CEA 
outcomes of 2,502 carotid artery stenosis patients at 
117 centers.6) The CREST trial is the well designed and 
conducted study among several randomized controlled 
studies in terms of patient selection, procedure manage-
ment, and patient follow-up. The incidence of peripro-
cedural stroke was 4.1%. Among them, the rate of major 
complications was 0.9%.6)21) In our institution, the stroke 
rate was higher than that of CREST. It might be because 
the number of patients was relatively small in our study. 
In addition, there were many complications in patients 
treated during the early period with little experience. 

In several studies, the rate of visible debris captured in 
embolic protection device (EPD) varied widely, ranging 

from 19% to 60%.22)36)41) This is because the rate changes 
depending on the stent type used for CAS. Closed-cell 
stents are known to be effective in confining atheroma 
to the blood vessel wall, thus reducing the rate of visible 
debris capture in EPD.41) For this reason, patients treated 
with closed-cell stents have a lower risk of intraoperative 
stroke than patients treated with Open-cell stents.5)9)19) 
However, there was no significant difference in stroke 
incidence according to stent design in our cases.

In our institution, Open-cell stents was used in most 
(77.3%) cases. The rate of visible debris captured in EPD 
was 37.9%. Debris capture rate was not significantly 
different between symptomatic and asymptomatic 
carotid artery stenosis groups (Table 1). 

Reported rates of asymptomatic micro embolism 
found in postoperative MRI ranged from 14.2% to 
22.3%.15)20)22)23)46) Koklu et al. have retrospectively 
collected database of patients treated with CAS in a 
Turkey single center between 2010 and 2020. When a 
total of 507 patients who underwent CAS were analyzed, 
postoperative routine MRI showed asymptomatic 

Fig. 3. Demonstrative case 2 showing ISR retreatment. (A) Preoperative digital subtraction angiography showing 
NASCET 72% stenosis, (B) Postoperative digital subtraction angiography showing residual stenosis about 0% using 
NASCET criteria, (C) Digital subtraction angiography at 18 months after CAS showing complete occlusion of carotid 
artery, (D) MRA image performed at 24 hours after carotid bypass operation showing successful blood flow, (E) Time to 
peak image conducted at 18 month after CAS showing time to peak elongation, demonstrating perfusion decrease, 
(F) Time to peak image conducted at 24 hours after carotid bypass operation showing perfusion improvement. ISR, 
in-stent restenosis; NASCET, North American Symptomatic Carotid Endarterectomy Trial; CAS, carotid artery stenting; 
MRA, magnetic resonance angiography
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micro embolism in 72 (14.2%) patients.22) Gorgulu et al. 
have collected database for a multicenter randomized 
prospective study. A total of 279 patients were enrolled, 
including 139 patients with embolic protection device 
and 140 patients without embolic protection device.15) 
The rate of asymptomatic micro embolism was 22.3% in 
the patient group who used embolic protection device.15) 
Although it was an asymptomatic micro embolism 
in a weakly functioning brain region, several papers 
have reported that it can lead to dementia and cogni-
tive disorder during follow-up.14)35) In our institution, 
asymptomatic micro emboli were detected by routine 
postoperative MRI in 37 (11.8%) cases.

Hyperperfusion syndrome is a rare complication that 
can lead to severe neurological sequelae if it occurs. In 
our institution, we experienced two (0.64%) cases of 
hyperperfusion-related ICH, including one mortality. 

In the normal brain, when blood pressure changes 
within an acceptable range, cerebral blood flow is main-
tained constant by regulating vasomotor tone. However, 
in patients with longstanding severe carotid stenosis, if 
the stenotic carotid artery is dilated excessively, cerebral 
blood vessels do not constrict sufficiently due to vaso-
motor paralysis, resulting in a sharp increase in blood 
flow to the brain.12) For this reason, hyperperfusion 
syndrome is more likely to occur if the carotid artery 
stenosis is more than 90%, if the collateral is poor, and 
if there has been a recent stroke event.1)18)26)34)40) In our 
three cases of hyperperfusion syndrome, all were severe 
symptomatic stenosis with a recent stroke history.

The most important method for the prevention and 
treatment of hyperperfusion syndrome is strict blood 
pressure control.29)32)33) The ideal blood pressure target 
has not been set. It varies from case to case.29) Recently, 
some studies have shown that gradual improvement 
of cerebral blood flow (CBF) is effective in preventing 
hyperperfusion syndrome.29)33) If carotid artery stenosis 
is severe with many hyperperfusion risk factors, hyper-
perfusion syndrome can be prevented by intentional 
underdilatation of stenotic segment, leaving an appro-
priate amount of residual stenosis. Our institution also 
used these methods and hyperperfusion-related ICH 

did not occur since then.
ISR occurred in 10.2% during follow up in our study. 

ISR is defined as a narrowing of blood vessel diameter 
by more than 50% compared to baseline at 30 days after 
the procedure.24) According to several studies, the occur-
rence of ISR within 3 years is due to intimal hyperplasia. 
In the case of ISR occurring after 3 years, recurrent arte-
riosclerosis is the cause.2)17)44)45) ISR occurs through two 
processes: neointimal hyperplasia and vascular remod-
eling. Neointimal hyperplasia is a process in which the 
intima thickens due to endothelial cell damage. Vascular 
remodeling refers to a change in the size of blood vessel 
involved.42) Endothelial cell damage during surgical or 
interventional treatment accelerates neointimal hyper-
plasia by promoting a cascade of inflammatory media-
tors. This response can be accelerated by several external 
factors.31)39)42)47) Smoking, diabetes, female, hypertension, 
and stent type are known external factors influencing 
ISR.44) In our cases, ISR was higher in diabetic patients 
(17.6% vs. 5.7%, p=0.008) and in patients who used 
closed cell stents (19.6% vs. 6.9%, p=0.010). Diabetic 
patients had 3.47 times (95% CI, p=0.031) more ISR. 
Patients who used Open-cell stents had 0.33 times 
(95% CI, p=0.034) less ISR than who used closed cell 
stents (Table 5). In diabetic patients, hyperglycemia and 
dysregulated matrix protein production can induce reac-
tive oxygen species. This accelerates atherosclerosis and 
hyperlipidemia, which in turn promotes ISR.47) Because 
the closed cell stent is rigid, it can induce straightening 
of the carotid artery and stimulate neointimal hyper-
plasia and ISR by causing vessel wall stress.27) This theory 
is supported by the fact that the rate of occurrence of in 
stent restenosis is high within 3 years.48) In our case, as in 
previous studies, more ISR occurred within 3 years. Of a 
total of 20 cases of ISR, 15 cases occurred within 3 years. 
Only 5 cases occurred after 3 years. Among 20 ISR cases, 
14 patients underwent retreatment, including 8 redo 
CAS, 4 balloon angioplasty, 1 contralateral CAS due to 
carotid artery occlusion, and 1 bypass surgery (Table 6). 

There are no treatment guidelines or definitive 
consensus for ISR. Therefore, treatment of ISR should 
be decided by the physician in consideration of various 
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factors such as clinical symptoms, collateral circulation, 
decrease in perfusion, and degree of stenosis. Treat-
ment for ISR can be classified into best medical treat-
ment, endovascular procedure, and surgery. Although 
the best medical treatment is effective for most patients, 
one report has shown that more aggressive treatment 
is required because it cannot reliably prevent stroke.38) 
Although there have been no randomized controlled 
trials evaluating whether symptomatic restenosis should 
be treated medically or surgically, the latest European 
Society for Vascular Surgeons (ESVS) guidelines suggest 
that the same criteria used for symptomatic carotid 
artery stenosis patients be adopted.10) Based on this, 
symptomatic restenosis (more than 50%) patients should 
be treated by CAS or CEA within 14 days of symptoms. 
In the case of asymptomatic ISR patients, there is no 
clear guideline with a lot of debate. Thus, it is necessary 
to decide whether to just follow-up, preform the best 
medical treatment, provide an interventional treatment, 
or give a surgical treatment in consideration of various 
factors mentioned earlier. 

When it is decided to perform revascularization in a 
patient with ISR, we should decide whether to perform a 
surgery or an endovascular treatment. According to 
recent studies, in the case of post-CEA ISR, there is a 
risk of complication related to revision CEA due to diffi-
culties such as scar formation.13)16) Therefore, in case of 
post-CEA ISR, carotid artery stenting is recom-
mended.13)16) Balloon angioplasty can also be considered. 
Although balloon angioplasty is inferior to CAS in terms 
of short duration and so on, there are reports that it 
shows satisfactory results in the treatment of ISR.7)25)37) 
Carotid bypass operation can also be performed for 
treatment of ISR. Stiolo et al. have retrospectively 
collected database on patients treated with carotid bypass 
in two high-volume Italian centers between 2008 and 
2016 for symptomatic high-grade ISR after CAS. 
According to this database, only one (7.6%) patient had 
a transient cranial nerve damage after carotid bypass. 
Except for this case, other patients were discharged 
without any complications. A 100% patency rate was 
confirmed at a mean follow-up of 41.2±18.2 months.43) 

As in several studies, balloon angioplasty was inferior 
to CAS in terms of recurrence rate.11)28)30) ISR recurred in 
2 out of 4 cases in balloon angioplasty cases. ISR 
occurred in 2 out of 8 cases in redo CAS cases (50% vs. 
25%). During follow-up, two patients with carotid artery 
occlusion were identified. One patient showed improve-
ment of blood flow after undergoing contralateral CAS. 
One patient showed improved blood flow by performing 
carotid bypass using saphenous vein. Demonstration 
case 2 is a patient who underwent carotid bypass opera-
tion due to carotid artery occlusion. Other ISR patients 
were treated using various treatment options. Except for 
treatment refusal cases, ISR patients were discharged 
without any problems. In this way, when a problem 
occurred after CAS, our institution was able to treat 
patients more effectively by selecting a treatment method 
considering various factors based on various treatment 
options.

Among a total of 195 cases (70 asymptomatic, 125 
symptomatic), ipsilateral stroke occurred in 11 cases (10 
symptomatic and one asymptomatic). The incidence was 
5.6%. In several studies, 5-year cumulative risk and 
percentage were calculated to analyze postprocedural 
stroke. The 5-year cumulative risk of fetal stroke was less 
than 7% in most studies.4)6) International Carotid 
Stenting Study (ICSS) has compared outcomes of a total 
1,713 carotid artery stenosis patients with a median 
follow-up of 4.2 years. The 5-year cumulative fatal or 
disabling stroke risk was 6.4% in ICSS and that of any 
stroke was 15.2%.4) The CREST study showed similar 
results.6) In our institution, a significant 5-year cumula-
tive risk of postprocedural stroke could not be obtained 
due to insufficient number of cases. However, during a 
median follow-up of 5.3 years, the incidence of postpro-
cedural stroke was 5.6%, which was low, similar to other 
studies.4)6) Other than that, no other problems occurred. 

Limitation
Since most of the patients who underwent CAS 

were old age patients, mean follow-up period was 5.1 
years which is quite short, and there are many cases of 
follow-up loss due to low compliance. 
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CONCLUSIONS

CAS is a safe and effective procedure for carotid artery 
stenosis. Although its complication rate is low, fatal 
complication of hyperperfusion-related ICH can occur. 
To prevent this complication, strict BP control is manda-
tory. Furthermore, ISR can occur in 10% of CAS during 
long-term follow up. Special attention should be paid 
to patients with diabetes, symptomatic carotid stenosis, 
and patients treated with closed cell stents who have a 
high risk of ISR after CAS.
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