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Abstract
Carotid endarterectomy (CEA) and carotid artery stenting (CAS) are not appropriate treatment procedure
for internal carotid artery stenosis (ICAS) in some patients. The importance of plaque vulnerability and
the treatment risk evaluation has been reported. We analyzed whether treatment selection contributes
to the outcome. We retrospectively examined 121 patients who underwent CEA or CAS. Treatment was
selected based on plaque vulnerability and the treatment risk evaluation. We selected CAS for patients
with stable plaques and CEA for patients with unstable plaques, and considered the other treatment for
high-risk patients. The patients were classified as the stable plaque (Stable: n = 42), the unstable plaque
and CEA low risk (Unstable/Low: n = 30), and the CEA high-risk (Unstable/High: n = 49). Frequency of
perioperative stroke, myocardial infarction, death, and systemic complications was examined. CEA and
CAS were performed in 35 and 86 patients, respectively. One patient (2.9%) had a stroke in CEA and five
patients (5.8%) in CAS (P = 0.50). Systemic complications were observed in two patients (5.7%) in CEA
and six (7.1%) in CAS (P = 0.80). There were no differences in stroke (Stable; 2.4%, Unstable/Low; 3.2%,
and Unstable/High; 8.2%) and systemic complications (Stable; 9.5%, Unstable/Low; 3.3%, and Unstable/
High; 6.1%) among three groups (P = 0.44 and P = 0.59, respectively). The treatment selection based on
plaque vulnerability and the treatment risk evaluation could provide good treatment outcome for highrisk patients. It is ideal to select an appropriate treatment for ICAS by one neurovascular team.
Key words: internal carotid artery stenosis, carotid endarterectomy, carotid artery stenting, plaque
vulnerability, treatment risk evaluations

Introduction

outcome and rates of disabling stroke between CEA
and CAS.8) It is essential to prevent the perioperative complications, specifically ischemic stroke and
systemic complications.
The current literature describes CEA and CAS not
to be appropriate for all patients with ICAS.2,9,10)
A plaque image of ICAS is one of most attractive
diagnostic methods.11) Development of MRI enabled
noninvasive assessment of plaque imaging.12) Vulnerability of carotid artery plaque has been associated
with not only plaque rupture that causes artery-toartery embolism, but also an increased number of
embolism after CEA or CAS.13,14) That means it is
important to understand plaque vulnerability and

Previous large studies have reported whether carotid
endarterectomy (CEA) or carotid artery stenting (CAS)
produce better outcomes for the internal carotid
artery stenosis (ICAS).1–4) Advances in various devices
have improved the treatment outcome of CAS.5–7)
Recently published randomized studies revealed
no statistically significant difference in long-term
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select an appropriate treatment to be able to avoid the
neurological perioperative complications and improve
outcome. Moreover, it is necessary to evaluate the
treatment risks, such as systemic comorbidity and
vessel architecture, because patients with ICAS often
have atherosclerotic lesion and cardio-pulmonary
disease.6,15) It is thought that preoperative evaluation of plaque vulnerability and the comorbidity
in patients with ICAS can affect the perioperative
outcome for CEA and CAS.
In our institute, CEA and CAS have been performed
by one neurovascular team, and the treatment for
each patient has been selected based on plaque
vulnerability and the treatment risk evaluation. Recent
reports recommend treatment strategy based on the
plaque imaging and the treatment risk evaluation for
ICAS.7,16) However, the reports regarding the treatment selection based on the patient’s risk factors
were limited.14,17,18) The purpose of this study was
to determine whether treatment selection based on
plaque vulnerability and the treatment risk evaluation
can contribute to the treatment outcome for ICAS.

Materials and Methods
Patient population
We retrospectively searched a maintained database
from the University of Tsukuba Hospital. Between
April 2008 and October 2015, 121 consecutive
patients underwent CEA or CAS for ICAS in our
institute. Information regarding the following factors
was collected for each patient by reviewing their
medical records: age, sex, systemic comorbidity, symptomatic stenosis, radiological imaging, and clinical
outcome. Intervention for ICAS was indicated based
on the presence of angiographic documentation of
ICAS of >50% in symptomatic patients and >80%
in asymptomatic patients, according to the North
American Symptomatic Carotid Endarterectomy
Trial criteria.19) This study was approved by the
Institutional Review Committee at our institution
and all subjects gave informed consent.
MRI parameter
Carotid plaque images were obtained using a
1.5-T system (Achieva, Philips Healthcare, Best,
the Netherlands). We used a volume isotropic turbo
spin echo acquisition (VISTA) sequence. MRI parameters were as follows: T1-weighted VISTA (TR/TE
= 400/16 ms, refocusing angle = 60°, thickness = 1
mm, field of view (FOV) = 18 cm, Matrix = 384 ×
384, SENSE factor = 2, number of signal averaging
= 2), T2-weighted VISTA (TR/TE = 3500/119 ms,
refocusing angle = 60°, thickness = 1 mm, FOV = 18
cm, Matrix = 384 × 384, SENSE factor = 2, number

of signal averaging = 2), and time of flight (TOF)
MRA (TR/TE = 16/6.9 ms, flip angle = 18°, thickness = 1.5 mm, FOV = 22 cm, matrix = 512 × 512,
SENSE factor = 1.8, number of signal averaging = 2).

Treatment selection
The treatment method CEA or CAS was selected
based on plaque vulnerability and the treatment risk
evaluation for each subject. Lipid-rich and necrotic
core plaque was diagnosed as unstable plaque based
on the previous reports (signal intensity ratio ≥
1.25 using T1-weighted VISTA).12,13,20) The treatment
risks were compiled from previous reports.2,9,10,21,22)
Risk factors of CEA were listed high position (>C2),
post-radiation therapy, restenosis, and general anesthesia high risk (cardio-pulmonary disease, dual
antiplatelet therapy, contralateral occlusion, and
post-Swan–Ganz catheter insertion). Risk factors
of CAS were listed tortuous or elongated vessel,
thoracic aortic aneurysm, abdominal aortic aneurysm, severe calcification, and severe aortic valve
stenosis. We assumed CAS for the stable plaques
and CEA for the unstable plaques. Cross-overs of
strategy are accepted due to risks of each treatment
such as general conditions or vessel anatomy. All
patients were investigated and all treatments were
performed by one neurovascular team. The procedure of treatment selection is portrayed in Fig. 1A.
Perioperative management of CEA and CAS
All CEA and CAS were performed by an experienced neurovascular team including board-certified
operators from the Japan Neurosurgical Society
and the Japanese Society for Neuroendovascular
Therapy. CEA was performed under general
anesthesia while continuing single antiplatelet
therapy. A bolus of heparin was given prior to
the internal carotid artery clamping. An intraluminal shunt was used in these procedures and
the dilation of the carotid artery was assessed by
performing intraoperative angiography. A patch
graft was not used.
Five to seven days before CAS, all patients received
dual antiplatelet therapy. CAS was performed under
local anesthesia using double balloon protection
in the patients with ischemic tolerance, and using
filter protection in the patients without ischemic
tolerance and contralateral occlusion. Heparin was
given with an activated clotting time of 250–300 s.
Proximal balloon protection using Optimo (Tokai
Medical Products, Aichi, Japan) was performed.
Distal embolic protection devices like the Percusurge
Guardwire (Medtronic AVE, Santa Rosa, CA, USA)
and the Filterwire EZ (Boston Scientific, Natick,
MA, USA) were used. All patients were treated
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Fig. 1 (A) Treatment strategy
based on plaque image and
treatment risk evaluations for
carotid artery stenosis. (B) The
number of patients according to
the classification.

using the self-expandable stents, Carotid Wallstent
(Stryker). After the procedure, heparin treatment
was not reversed.
In each treatment, ischemic and hemorrhagic
complications were evaluated using MRI or CT
within 72 h after the procedure.

assessed using the Pearson’s chi-square and Fisher
exact tests for discrete data, and the Mann–Whitney
U test for continuous data. SPSS statistics software
version 21.0 (IBM, Armonk, New York, USA) was
used for all analyses. A P-value less than 0.05 was
considered significant.

Evaluation
The patients were classified as stable plaque
(Stable) group or unstable plaque group based on
plaque vulnerability. Furthermore, unstable plaque
group was subdivided CEA low-risk (Unstable/Low)
group and CEA high-risk (Unstable/High) group
based on the treatment risk evaluation (Fig. 1B).
The occurrence of a stroke, myocardial infarction
(MI), death, and systematic complications within 30
days after the procedure were examined among the
three groups (Stable, Unstable/Low, and Unstable/
High) and between the treatment methods (CEA and
CAS). Stroke was defined as any new neurological
deficit that did not resolve completely within 24 h.
MI was defined as the development of new electrocardiogram findings consistent with infarction or a
creatine kinase level at least twice the upper limit
of normal. Systemic complication was defined as
any disease, except for stroke and MI, which caused
an extended hospital stay.

Results

Statistical analysis
Continuous data are expressed as mean ± standard
deviation, and discrete data are presented as counts
and percentages. Differences between groups were
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There were 121 patients with a mean age of 72.4
± 6.6 years. There were 106 male patients (87.6%).
About 52 patients (43.0%) had symptomatic lesions.
Mean degree of stenosis was 78.8 ± 11.3%. CEA
and CAS were performed in 35 (28.9%) and 86
patients (71.1%), respectively. Mean age was
significantly greater in CAS than CEA (73.3 ± 6.3
and 70.3 ± 6.9, P = 0.03). There were no significant differences in sex, symptomatic stenosis, and
degree of stenosis between CEA and CAS. Unstable
plaque in CEA (77.1%) was greater than CAS
(60.5%), but not significantly. Stroke within 30 days
after the procedure was observed in six patients
(5.0%); cerebral ischemic event (n = 4; 3.3%) and
intracranial hemorrhage (n = 2; 1.7%). Permanent
morbidity was observed in four patients (3.3%).
Systemic complications were observed in eight
patients (6.7%); acute heart failure (n = 3), acute
coronary syndrome (n = 1), pulmonary disease (n = 1),
and gastrointestinal disease (n = 3). There were
no cases of MI and death. One patient (2.9%) had
a stroke in CEA and five patients (5.8%) in CAS
(P = 0.50). Systemic complications were observed
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Characteristics of patients treated with carotid endarterectomy or carotid artery stenting

Patients

Total

CEA

CAS

121

35 (28.9%)

86 (71.1%)

P-value

Age (years old)

72.4 ± 6.6

70.3 ± 6.9

73.3 ± 6.3

0.03

Men

106 (87.6%)

32 (91.4%)

74 (86.0%)

0.41

52 (43.0%)

16 (45.7%)

36 (41.9%)

0.70

Symptomatic stenosis
Degree of stenosis (%)

78.8 ± 11.3

Unstable plaque

79 (65.3%)

Death

76.7 ± 11.5

79.7 ± 11.2

0.19

27 (77.1%)

52 (60.5%)

0.08

0

Stroke

0

0

6 (5.0%)

1 (2.9%)

5 (5.8%)

Cerebral ischemic event

4 (3.3%)

1 (2.9%)

3 (3.5%)

Intracranial hemorrhage

2 (1.7%)

Myocardial infarction

0

Systematic complication

8 (6.7%)

0

2 (2.3%)

0

0

2 (5.7%)

6 (7.1%)

0.50

0.80

CEA: carotid endarterectomy, CAS: carotid artery stenting.

Table 2

Characteristics and clinical results among three groups
Stable

Unstable/Low

Unstable/High

Patients

42 (34.7%)

30 (24.8%)

49 (40.5%)

Age (years old)

73.0 ± 8.0

72.0 ± 5.8

72.2 ± 5.9

0.79

Men

36 (85.7%)

28 (93.3%)

42 (85.7%)

0.55

Symptomatic stenosis

19 (45.2%)

13 (43.3%)

20 (40.8%)

0.91

Degree of stenosis (%)

81.4 ± 9.5

76.7 ± 11.4

77.9 ± 12.4

0.17

20 (66.7%)

7 (14.2%)

0

0

CEA

8 (19.1%)

Death

0

Stroke

1 (2.4%)

1 (3.2%)

4 (8.2%)

Cerebral ischemic event

1 (2.4%)

1 (3.2%)

2 (4.1%)

Intracranial hemorrhage

0

0

2 (4.1%)

Myocardial infarction

0

0

0

Systemic complication

4 (9.5%)

1 (3.3%)

3 (6.1%)

P-value

0.44

0.59

CEA: carotid endarterectomy.

in two patients (5.7%) in CEA and six (7.1%) in
CAS (P = 0.80) (Table 1).
Preoperative plaque vulnerability demonstrated
stable plaque in 42 patients (34.7%) and unstable
plaque in 79 patients (65.3%). A total of 40
patients out of the 42 patients with stable plaques
were assessed CAS low-risk, and 34 of 40 patients
(85.0%) underwent CAS. Two of the 42 patients
with stable plaques, who were assessed as CAS
high-risk because of severe calcification, underwent
CEA. In contrast, 30 of 79 patients with unstable
plaques were assessed CEA low-risk, and 20 of 30
patients (66.7%) underwent CEA. Forty-nine patients
were assessed CEA high-risk, and 42 of 49 patients
(85.7%) underwent CAS (Fig. 1B). Main risk factors

of CEA in patients with unstable plaques were the
presence of high position (n = 25; 51.0%) and postradiation therapy (n = 13; 26.5%).
In the classification based on plaque vulnerability and the treatment risk evaluation, Stable,
Unstable/Low, and Unstable/High was 42 (34.7%),
30 (24.8%), and 49 (40.5%), respectively (Table 2).
There were no significant differences in age, sex,
symptomatic stenosis, and degree of stenosis among
three groups. Stroke did not have the difference
among three groups (Stable; 2.4%, Unstable/Low;
3.2% and Unstable/High; 8.2%) (P = 0.44). Systemic
complications did not have the difference among
three groups (Stable; 9.5%, Unstable/Low; 3.3%, and
Unstable/High; 6.1%) (P = 0.59) (Table 2). Seven
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Fig. 2 Case 1: (A) Preoperative angiography reveals
severe stenosis in the right internal carotid artery,
which is tortuous. Preoperative magnetic resonance
angiography (B) and carotid plaque imaging (C) shows
unstable plaque. (D) Carotid endarterectomy was
performed uneventfully.

patients in Unstable/High had CAS high-risk, and
they underwent CEA. They did not have any stroke
and systemic complications.

Representative cases
Case 1: The patient was a 69-year-old man with
asymptomatic right ICAS. Preoperative radiological
imaging revealed ICAS with unstable plaque; the
distal portion was C2 body level and very tortuous
(Figs. 2A–2C). He was assessed as CEA high-risk
because of the high position of the plaque; and
CAS high-risk because of the presence of a severe
tortuous vessel and unstable plaque. We discussed
that tortuous vessels and unstable plaques in CAS
posed higher treatment risk than the high position of the plaque in CEA. CEA was performed
uneventfully, and adequate vasodilatation was
obtained (Fig. 2D). There were no perioperative
complications.
Case 2: The patient was a 73-year-old man with asymptomatic left ICAS. Three months ago, he underwent
percutaneous coronary intervention for coronary artery
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Fig. 3 Case 2: (A) Preoperative angiography reveals severe
stenosis in the left internal carotid artery. (B) Preoperative
carotid plaque imaging by MRI shows unstable plaque.
(C) Carotid artery stenting was performed using filter
protection under local anesthesia. During the procedure,
disturbance of consciousness and conjugate deviation of
the eyes to the left were observed. (D) Postoperative MRI
reveals multiple cerebral infarctions.

disease. Preoperative radiological imaging revealed
ICAS with unstable plaque, with the distal portion
at the C2 body level (Figs. 3A and 3B) and stenosis
of the petrous portion of the contralateral internal
carotid artery. He was assessed as both a CEA high-risk
patient because of the high position of the plaque and
comorbidity and a CAS high-risk patient because of
the unstable plaque. The high position of the plaque
and comorbidity in CEA posed a higher treatment risk
than the unstable plaque in CAS. CAS was performed
using filter protection under local anesthesia (Fig. 3C).
During the procedure, disturbance of consciousness
and conjugate deviation of the eyes to the left were
observed, and post-operative MRI revealed multiple
cerebral infarctions (Fig. 3D).

Discussion
The findings in this study demonstrated that the
treatment selection based on plaque vulnerability
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and the treatment risk evaluation could improve
the treatment outcome, not only the perioperative
stroke but also the systemic complications.
The Stenting and Angioplasty with Protection in
Patients at High Risk for Endarterectomy trial revealed
that CAS for patients at high risk for CEA was not
inferior to CEA.2) CAS had been performed for the
patients with CEA high-risk, which were cardiopulmonary diseases, contralateral internal carotid
artery occlusion, post-radiation therapy, high position and the insertion of Swan-Ganz catheter.2,18,21)
Because therapeutic devices and techniques of
CAS have advanced, the Carotid Revascularization
Endarterectomy vs. Stenting Trial indicated that
CAS for patients at low risk for CEA could achieve
the same results as CEA.5) Therefore, CAS has been
more frequently performed. In contrast, vulnerable plaque was reported as high risk of CAS.12,13)
Technological progressions allow a visualization of
plaque vulnerability, which reveals that unstable
plaques and plaque volumes were strongly associated with the cerebral embolic complications, and
plaque vulnerability was regarded as more important than stenosis rate.11–13) Moreover, the treatment
selection based on plaque vulnerability decreased
the perioperative cerebral ischemic complications,
and it was recommended that the patients with
unstable plaques are candidates for CEA.14) In addition, some reports mentioned that plaque volumes,
severe aortic valve stenosis, approach route, intraoperative hemodynamic instability, were associated
with the treatment outcomes of CAS.9,22–24) For these
findings, it is reasonable to evaluate treatment risks
and select the treatment.7,16) Recently, CEA and CAS
appear to be complementary treatments for ICAS
with various risk factors.
We classified three groups, Stable, Unstable + CEA
low-risk (Unstable/Low), and Unstable + CEA highrisk (Unstable/High), based on plaque vulnerability
and the treatment risk evaluation, and compared the
treatment outcome. This classification is thought
to be ideal, although the treatment risk evaluation
varies according to the experience and skills of the
operators.17) Moreover, the subjectivity of the operators is removed in this classification. The clinical
problem is the treatment selection for the patients
with unstable plaques and CEA high-risk.7,16) About 42
of 49 patients (85.8%) in Unstable/High underwent
CAS because there were few risks of CAS except the
unstable plaque in comparison with a treatment risk
of CEA. Seven patients underwent CEA, because CAS
was higher risk than CEA. There were no statistically significant differences among three groups in
this study. However, stroke in Unstable/High (8.2%)
was slightly higher compared with previous reports

(2.8–9.8%).2,5) Two of four strokes occurred in the
Unstable/High group had intracranial hemorrhage
due to the hyperperfusion syndrome. An impaired
cerebrovascular reactivity is considered the main
mechanism in hyperperfusion syndrome;25) therefore,
intracranial hemorrhage does not seem to be associated with plaque vulnerability and the treatment
risk evaluation. Those outcomes suggested that the
treatment selection based on plaque vulnerability
and the treatment risk evaluation could improve
the treatment outcome, not only the perioperative
stroke but also the systemic complications. These
outcomes may have been observed because the double
balloon may act as a protective factor for patients
receiving CAS with unstable plaques. The double
balloon protection was reported to be a method
that reduces the risk of ischemic stroke after the
procedure.26) A recent study reported the efficacy
of a hybrid operation for the patients with CEA
high-risk and CAS high-risk;27) therefore, a hybrid
operation is thought to be a considerable treatment
for those patients.
In this study, perioperative major adverse events
were 5.0% (2.9% in CEA and 5.8% in CAS). This
outcome is not inferior in comparison with the
previous studies.1–5,8,28) In our institute, the treatments for ICAS are selected by one neurovascular
team, and operators performed both CEA and CAS.
We understand the characteristics of each treatment
well, so the treatment selection is thought to be
less arbitrary. It is thought that the selection of the
appropriate treatment led to the positive outcomes,
even though the sample size is small compared with
the reports from Europe and US.1–5,8)
Patients with ICAS are older individuals and
often have some past illnesses, so we sometimes
experience the systemic complications, except for
the cerebrovascular and cardiovascular disease after
the operation. In this study, there were no significant
differences among the groups. There is no report
about the systemic complications after CEA or CAS.
However, the treatment selection based on the treatment risk evaluations may have a good influence
for the systemic complications.
The presence of unstable plaque and low risk for
CEA was an indication for CEA in our strategy, but
the proportion of patients who underwent CAS was
approximately one-third. Several factors may have
contributed to why our strategy did not agree with
the actual treatment selection. First, we classified
plaques as either unstable or stable, and did not
consider plaque volume. The patients with a small
amount of unstable plaque may have undergone
CAS. Second, some patients were introduced from
other hospitals for their preference for CAS.
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There are some limitations in this study. There was
a small sample size and this study was performed
retrospectively. A prospective and large-scale
study is necessary because the treatment of ICAS
is charging into the era of combination with CEA
and CAS. We did not objectively evaluate plaque
properties or treatment risk. The range of treatment
risks and treatment risk contents are variables for
operators and institutes to consider. Moreover, we
did not evaluate the plaque volume, although some
studies reported that unstable plaque volume was
associated with ischemic complications.

6)

Conclusion
The treatment selection based on plaque vulnerability
and the treatment risk evaluation could provide
good treatment outcome for high-risk patients, not
only the perioperative stroke but also the systemic
complications. It is ideal to select an appropriate
treatment for ICAS by one neurovascular team.
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