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Neurologic complications in patients with carotid artery
stenting
Na Young Kim, Jong Wook Choi, Kum Whang, Sung Min Cho, Youn Moo Koo, Jong Yeon Kim
Department of Neurosurgery, Yonsei University Wonju College of Medicine, Wonju Severance Christian Hospital,
Wonju, Korea
Objective : Carotid artery stenting is helpful in patients with carotid artery
stenosis and is a common method of treatment. However, data on the
neurological consequences that might arise from, especially Asian patients
after CAS is not enough. The purpose of this study was to investigate
the outcome and prognostic factors affecting CAS patients.
Methods : From January 2013 to June 2018 it was enrolled 97 patients
who underwent CAS with severe carotid artery stenosis in a single
institution. We retrospectively reviewed neurologic complications such as
restenosis, ipsilateral or contralateral stroke, and hyperperfusion during the
6-month follow-up period.
Results : There were no complication occured during the procedure in all
97 patients. Neurologic complications occurred in 30 patients (30.9%) after the procedure, and ipsilateral stroke 6 (6.2%), contralateral stroke 9
(9.4%), restenosis 2 (2.1%) and hyperperfusion 13 respectively. One of
them had died (1.0%), of which the rest were discharged after symptoms
improve. On univariate analysis, DM and pre-op NIHSS score was associated with the risk of CAS complication, exclusively. On the binary logistic regression for risk factors, DM (OR 0.144, 95% CI [0.029-0.718]), history of radiotheraphy (OR 36.103, 95% CI [1.009-1291.789]) and preoperative NIHSS (OR 1.266, 95% CI [1.059-1.513]) showed independent
risk factors associated with post procedural neurological complications,
statistically.
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Conclusion : Carotid artery stenting is a relatively safe and reliable
long-term outcome for patients with carotid artery stenosis. However,
careful observation should be taken after procedure immediately for any
possible complications.
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INTRODUCTION
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classic carotid endarterectomy (CEA) to treat carotid
artery stenosis.1)11) Additionally, improvements in en-

Carotid artery stenosis accounts for 20 percent of all
11)

ischemic strokes in Western countries.

dovascular technique and the development of pro-

Carotid ar-

tective devices have dramatically reduced CAS

tery stsenting (CAS) is emerging as an alternative to

complications. Postoperative complications such as in-
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tracranial hemorrhage (ICH), cerebral hyperperfusion

with any anticoagulants, all patients were treated

syndrome (CHS), stroke, and restenosis after CEA

with 300 mg of clopidogrel and 500 mg of acetylsali-

have been well documented, but few reports of neu-

cylic acid at least 24 hours prior to the procedure.

rological outcomes have been made in patients with

After the procedure, 100 mg of acetylsalicylic acid

CAS especially in Asian population. Therefore, the

and 75 mg of clopidogrel were given continuously for

purpose of this study is to study the neurological re-

more than four weeks. Patients were then advised to

1)23)

sults of patients receiving CAS from a single institution.

take 100 milligrams of acetyl salicylate for life.

MATERIALS AND METHODS

Procedure
In our institution, only local anesthesia was used

Patient selection
From January 2013 to June 2018, 97 patients who received CAS for carotid stenosis registered for the
study from a single institution. Neurologists and vascular surgeons selected patients suitable for CAS. We
performed digital subtraction angiography (DSA) to
estimate the degree of stenosis. According to ECST
criteria, the indications for CAS were more than 70%
(n = 65 (63.16%) with symptom (transient ischemic attack (TIA) or stroke at the site supplied by the stenotic artery) or in asymptomatic cases, more than 70%
(n = 32 (36.84%)) on DSA. Our institution's routine
douplex ultrasound tests conducted follow-up management regularly six months after stent insertion.
After CAS, neurological complications such as ipsilateral or contralateral stroke, resenosis, and hyperperfusion were recorded, analyzed. And the characteristics and conditions before and after procedure
was also recorded and reviewed as well.
In Nov. 1999, our CAS program was started at the
single neurovascular center. For internal quality control, we have created a computer-based database that
includes all patients with carotid stenosis with CAS or
carotid vascularization. Patient data was utilized until
June 2018 for current analysis. All patients provided
consent based on information on procedures and
anonymous data collection and processing. All patients with or without symptoms were treated from
the time of registration. The anatomical qualification
criteria have been tested in all patients by CT angiography or MRA in our institution. If not already given

when performing CAS. Bolus of heparin (5000 IU)
was administered in a standard manner. Whenever
anatomically possible, we used an embolic protection
device for periprocedural neuroprotection. All procedures were performed by a single neurointerventionist
with at least 5 years of experience. Also, seven days
before the procedure, patients received aspirin and
Plavix for optimal treatment in addition to CAS. And
within 24 hours prior to and after procedure, all patients were received neurological assessment by
neurologist. An independent neurologist evaluated
with the National Institutes of Health Stroke Scale
and the modified Rankin Scale. First, entryways for
angiography were secured through the right femoral
artery and 5-F sheath was used. If you secure the
fore-aft-side of the CCA through the catheter selection, and if stenosis is verified, we replaced it with
guided-wire long enough that can reach the statistical
CCA and ECA. Special care must be taken to avoid
inappropriate contact between the stenosis and wire
when the tip of the guided wired reaches near the
CCA. If the Micro-wire and Microcatheter are successfully located in the stenosis, the delivery device must
be over the microwire and past the stenosis. The
length of the stent should be sufficient to extend from
the CCA to the ICA in most cases to fully cover the
stenosis. The diameter of the stent must match the
CCA in order to properly match the wall adaptation
of all carotid segments. The stent should be positioned slightly further than the desired stenosis position and should be pulled out before the position to
be placed is reached, in order to reduce the possibility
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of a forward swivel movement. Atropine should be

discovered that the most frequently found medical

prepared for bradycardia at all times. Angiography

history is hypertension in 72 (74.2%) patients, history

should be performed on both cervical ICAs and intra-

of stroke in 55 (56.7 %) patients, and hyperlipidemia

cranial circulation to evaluate stenosis, vasospasm,

in 36 (37.1%) patients. Furthermore, the medical his-

dissection, and cerebral blood flow. In this case, it is

tory showed that 27 (27.8%) patients had history of

important to compare with the angiogram performed

coronary artery disease, 13 (13.4%) had history of

before the operation because the distal emboli are dif-

transient ischemic attack, 32 (33.0%) patients had dia-

ficult to detect. After performing CAS through this

betes mellitus (DM), 33 (34.0%) patients were smok-

procedure, it is necessary to pay attention to the com-

ers, 18 (18.6%) had a history of cancer and 3 (3.1%)

plications that may arise from enlarging the diameter

patients and a history of radiotherapy. In this study,

of the lesion by dilating the stent.

only hyperlipidemia was a risk factor associated with

Statistically analysis
Data are expressed according to the properties of
the variable. Continuous variables are presented as
mean and standard deviation. Categorical variables
are presented as frequency and percentage. In order
to compare two groups, we performed the two-simple
t-test or chi-square test (Fisher`s exact test) as
appropriate. Logistic regression analysis was used to
identify the factors to predict neurologic complications after CAS and the result were expressed as odds
ratio (OR) with 95% confidence interval (CI). A p-value less than 0.05 was considered statistically significant and all statistical analyses were conducted using SPSS (version 24; IBM, Armonk, NY, USA).

RESULTS
We retrospectively analyzed 97 patients who underwent CAS with carotid artery stenosis from 2013 to
2018. The total number of patients enrolled in the
study was 97 (15 women (15.5%) and 82 men (84.5%))
and the average age was 71.3 year old. Procedure was
successfully performed in all 97 patients and protection devices were used in all cases. 65 patients
were diagnosed with TIA or cerebral infarction before
CAS, and 32 patients who received CAS were diagnosed with stenosis from regular health check-ups
without any symptoms. The occurrence of selected
patient characteristics is shown in Table 1, which lists
the general risk factors of the study population. We
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carotid artery stenosis, statistically (p=0.009). Other
characteristics were not related to the occurrence of
the symptoms (Table 1).
Neurologic complications were observed in 30 patients (30.9%) after the procedure, and ipsilateral
stroke 6 (6.2%), contralateral stroke 9 (9.4%), restenosis 2 (2.1%) and hyperperfusion 13 (13.4%) occurred
(Table 2). One of them died from ICH caused by severe hyperperfusion (Figure 1), while the rest were
discharged after symptoms improved. Two patients
(2.1%) with restenosis were identified by Duplex
Ultrasonography during follow up period.
On univariate analysis, gender, age, hypertension,
hyperlipidemia, and presence of coronary artery disease, history of radiotherapy, or smoking did not
show a significant association with procedural neurological events (Table 3). DM and pre-op NIHSS score
was associated with the risk of CAS complication,
exclusively. On the binary logistic regression for risk
factors, DM (OR 0.144, 95% CI [0.029-0.718]), history
of radiotheraphy (OR 36.103, 95% CI [1.009-1291.789])
and preoperative NIHSS (OR 1.266, 95% CI [1.059-1.513])
showed independent risk factors associated with post
procedural neurological complications, statistically.
Interestingly, DM showed association with the risk of
CAS complications in negative OR (Table 3).

DISCUSSION
According to American Guidelines for the Prevention

NA YOUNG KIM ET AL

of Stroke, carotid recanalization, CEA, or carotid ar-

ment that can replace CEA, and there are significantly

tery stenting, is recommended for patients who expe-

more CAS-based treatments in our institution com-

rience ischemic stroke or transient cerebral ischemic

pared to CEA in patients with carotid artery stenosis.

stroke within 6 months (symptomatic patient) under-

In particular, for asymptomatic carotid artery stenosis

lying ipsilateral carotid stenosis as demonstrated by

in stroke patients, recanalization is recommended to

20)

catheter-based angiography or noninvasive imaging.

reduce the surgical risk to 3% or less. In spite of these

CAS has recently been widely used as a reliable treat-

great advantages, it sometimes provides a disastrous

Table 1. Patients characteristics with and without symptoms
Characteristics

Total, n=97

Symptomatic, n=65

Asymptomatic, n=32

p-value

Age
Age, >75
Gender, male
Hypertension
Diabetes mellitus
Hyperlipidemia
Smoking
History of coronary artery disease
History of radiotherapy
History of cancer
Preoperative medications
Aspirin
Clopidogrel
Statin
Atherosclerotic stenosis
Right internal carotid artery
Left internal carotid artery
Unilateral internal carotid artery
Bilateral internal carotid artery
Vertebral artery
Common carotid artery
Lesion stenosis(%)

71.3 ± 8.3
39 (40.2)
82 (84.5)
72 (74.2)
32 (33.0)
36 (37.1)
33 (34.0)
27 (27.8)
3 (3.1)
18 (18.6)

70.2 ± 8.6
23 (35.4)
54 (83.1)
48 (73.8)
23 (35.4)
30 (46.2)
19 (29.2)
19 (29.2)
2 (3.1)
12 (18.5)

73.5 ± 7.4
16 (50.0)
28 (87.5)
24 (75.0)
9 (28.1)
6 (18.8)
14 (43.8)
8 (25.0)
1 (3.1)
6 (18.8)

0.065
0.167
0.767*
0.903
0.475
0.009
0.156
0.662
1.000*
0.973

35 (36.1)
34 (35.1)
32 (33.0)

26 (40.0)
26 (40.0)
22 (33.8)

9 (28.1)
8 (25.0)
10 (31.3)

0.252
0.131
0.798

50 (51.5)
34 (35.1)
84 (86.6)
10 (10.3)
1 (1.0)
2 (2.1)
78.2 ± 6.0

28 (43.1)
24 (36.9)
52 (80.0)
10 (15.4)
1 (1.5)
2 (3.1)
77.5 ± 6.0

22
10
32
0
0
0
79.4

(68.8)
(31.3)
(100.0)
(0)
(0)
(0)
± 5.9

0.144

* Fisher’s exact test

A

B

C

Fig. 1. A 79-year-old male was admitted for left side weakness due to right border zone infarction (A). After performing digital subtraction angiography, he was diagnosed with a 78.4% stenosis of the right internal carotid artery (B). He underwent right CAS procedure without periprocedural complication (C). Three hours following CAS, a computerized tomography of the brain reveals a large
right-hemisphere hematoma, with midline shift and intraventricular hemorrhage (D).

Volume 21 · Number 2 · June 2019 89

NEUROLOGIC COMPLICATIONS OF CAS PATIENTS

Table 2. Neurologic complications after carotid artery stenting
Neurologic complications

N=30

Ipsilateral ischemic stroke
Contralateral ischemic stroke
Restenosis
Hyperperfusion

6
9
2
13

(6.2)
(9.3)
(2.1)
(13.4)

Table 3. Univariate and multivariate analysis of risk factors and neurologic complications
Parameters

Univariate*

Age
Age group
Gender, male
Hypertension
Diabetes mellitus
Hyperlipidemia
Smoking
History of coronary artery disease
History of transient ischemic attack
History of stroke
Symptomatic
History of radiotherapy
History of cancer
Preoperative NIHSS
*
†

Multivariate OR (95%CI)

0.774
0.544
0.339†
0.558
0.020
0.081
0.930
0.830
1.000†
0.345
1.000†
0.139†
1.000†
0.028

0.351
1.680
0.965
0.144
0.288
0.560
1.686
1.354
36.103
0.500
1.266

(0.098-1.264)
(0.374-7.537)
(0.256-3.638)
(0.029-0.718)
(0.073-1.135)
(0.141-2.229)
(0.450-6.311)
(0.392-4.676)
(1.009-1291.789)
(0.084-2.982)
(1.059-1.513)

statistical significance based on two-sample t-test or chi-square test
Fisher’ exact test

cerebral deficit such as contrast-induced encephalop20)

study, 13 cases (13.4%) were shown in all cases con-

CAS was used to

forming to the above definition of HPS, but HPS with

expand the diameter of a stenotic lesion using a stent,

fetal ICH reported was 1 case (1.1%) in our institution.

and pre- and post-operative data on neurological

This increase in morbidity is associated with in-

events including stroke, seizure, ICH, CHS, or changes

creased blood flow through the cerebral artery after

in neurological status were collected.

the procedure and inadequate arterial blood pressure

athy, ischemic stroke, and CHS.

Cerebral hyperperfusion syndrome and ICH
Many authors have described CHS as a primary
complication of carotid recanalization procedure.17)
CHS is defined in several ways such as: 1) Severe
headache, seizures, mental deterioration, and / or development of local neurological symptoms; 2) no additional ischemic lesion in imaging diagnosis of the
brain; 3) Increased cerebral blood flow in the ipsilateral hemisphere, increased blood flow in the contralateral hemisphere, or increased cerebral artery
flow rate value of > 100% compared with preoperative velocity, all postoperatively.7)14) According
to Moulakakis et al, the incidence of CHS and ICH after CAS was 1.16% (range, 0.44% to 11.7%) and 0.74%
(range, 0.36% to 4.5%), respectively and CHS may be
fatal once an intracranial hemorrhage occurs.17) In this
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control.2) Although we found this phenomenon to be
present after CEA for the first time, many authors
have reported that post carotid angioplasty and stenting have similar results.7)21)
The most common time period for occurrence of
CHS is several hours to several days after the
procedure.20) Ogasawara suggested that the onset time
of CHS among patients who received CAS reached its
peak within 12 hours after the procedure. Mental deterioration, confusion, and headache are the most
common symptoms of CHS, among which headache
usually occurs on the ipsilateral side of the arterial artery, often degree of moderate to severe, and characterized

by

pulsatile

and

migraine

symptoms.4)

Cerebral edema is a neurological deficit of secondary
CHS, which is usually transient. These are mostly derived from the cerebral cortex, including hemiplegia,

NA YOUNG KIM ET AL

and also epileptic disorders such as generalized or fo-

Stroke complications
Stroke occurs more commonly after CAS than after

cal seizures. Other symptoms such as movement dis-

CEA. The periprocedural strokes in CREST were most

orders, visual impairment, cognitive impairment, and

commonly minor, ipsilateral to the treated artery, and

psychotic disorders are rare, but have reported in

ischemic in type and occurred twice as frequently in

hemiparesis, hemianopsia, aphasia, and obtundation,

19)

CHS patients as well.

And some of the untreated

the CAS arm.9) Major stroke occurred in 0.6%
(13/2272), indicative of the very low overall complica-

patients may die.17)
The pathogenesis and risk factors of CHS are not

tion rate observed in the trial.8)9) According to Michael

fully known, but uncontrolled hypertension seems to

et al, complications that occurred during the carotid

It stimulates

stent placement or within a 30-day period following

the occipital-parietal region more noticeably because

placement were recorded and the definitions were de-

of the sympathetic nerves that innervate very little on

fined as follows: (1) TIA, any neurological deficit

the vertebrobasilar circulation.22) This suggests that

(either ocular or cerebral) that resolved completely

impaired cerebral autoregulation, baroreceptor-reflex

within 24 hours; (2) minor stroke, any new neuro-

breakdown, and an axon-like trigeminovascular reflex

logical deficit (either ocular or cerebral) that persisted

5)

be the most important cause of CHS.

Another

for 24 hours and that either resolved completely with-

serious concern is the intake of antiplatelet and sta-

in 7 days or increased the National Institutes of

tins, which is recommended for patients with carotid

Health stroke scale 3 points; (3) major stroke, any new

stenosis before and after procedure.5) These drugs can

neurological deficit that persisted after 30 days and

increase the risk of cerebral hemorrhage and CHS, es-

increased the National Institutes of Health stroke

16)17)

contribute to the pathogenesis of CHS.

scale by 3 points.12)

20)

pecially after carotid stenting.

ICH is the most disasteric event secondary to hyper-

There is evidence of a higher risk of stroke and

ICH

mortality after CAS in patients with symptomatic pa-

can cause vomiting or change of mentality because of

tients than in asymptomatic patients, but it has not

perfusion, which is also associated with CAS.

17)

yet been studied how certain symptoms affect pre-

1)

increased pressure in the cranium.

It is important to note that ICH after CAS is difficult
to prevent because it appears to occur within few
hours without symptoms and mostly unavoidable and
even fatal.17) There are several risk factors, including
preoperative hypertension, bilateral carotid disease or
contralateral carotid occlusion as well as impaired
cerebrovascular reserve, which were associated with
the formation of ICH after the procedure.7) It is
known that ICH, which appears immediately after
CAS, is caused by the rupture of the perforating artery in the basal ganglia hence the sudden exposure
17)

of normal perfusion pressure pathophysiologically.

Rate of morbidity and mortality are high in both patients who treated with open surgery or endovascular
repair, therefore it is crucial to prevent such a catastrophic event after the procedure.3)7)

viously symptomatic patients after CAS procedure.12)

Risk factors of CAS
In this study, we analyzed all patients who underwent CAS to identify potential clinical risk factors for
neurologic complications after CAS procedure. The
significance of this study is that no previous studies
analyzing the effects of CAS on post-procedural results have been reported, particularly in Asia, and
based on evidence that the risk of stroke and death
after CEA depends not only on symptoms but also on
the type of presenting event.11)12) In some studies, age
was identified as an independent risk factor for neurologic complications after CAS procedure, but DM
and preoperative NIHSS were found to be related to
our study. Hyperlipidemia has also been described as
a risk factor in patients with complication after CAS
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in a number of studies. Comparable with recent stud-

artery stenosis. However, it is necessary to recognize

ies in Qureshi et al., with that in univariate analysis,

the incidence of complications after CAS procedure in

we found no association between the hyperlipidemia

carotid artery stenosis patients, and careful ob-

and postprocedural neurological deficit. Diabetes

servation of possible complications after procedure is

(DM) is an independent risk factor for cardiovascular

necessary for patients with a history of pretreatment

disease and stroke and has a high incidence of diabetes

radiotherapy or high NIHSS score.

12)13)15)

among people undergoing carotid revascularization.

However, it is well known that the risk of morbidity
and mortality or the risk of late stroke is not greater
after CAS in diabetic patients.12) Renato et al. reported
that the presence of diabetes was associated with an
increased periprocedural risk, but did not show any
additional risk as a result of long-term follow-up and
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