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INTRODUCTION

Carotid endarterectomy (CEA) and carotid artery stenting (CAS) are well-established treatments 
for symptomatic or asymptomatic stenosis of the carotid artery.[8] Since some randomized 
controlled trials have failed to show that CAS is not inferior to CEA, Japanese guidelines 
for stenosis of the carotid artery suggest CEA as the first choice.[18] However, despite this 

ABSTRACT
Background: e main surgical options for stenosis of the carotid artery are carotid endarterectomy (CEA) and 
carotid artery stenting (CAS). e number of CAS procedures performed in Japan greatly exceeds that of CEA 
procedures. In this study, we used data from a single center to examine CAS and CEA for carotid artery stenosis.

Methods: e subjects were patients with carotid artery stenosis who underwent CAS or CEA between January 
2012 and May 2020. CAS was the first-choice treatment. CEA was used in cases with vulnerable plaques, a 
relatively low risk of general anesthesia, and no anatomical features disadvantageous for endarterectomy.

Results: A total of 140 cases (102 CAS and 38 CEA) were examined. ere were more elderly patients in the CAS 
group. e CEA group had a higher rate of vulnerable plaques and only one case with an unfavorable anatomy 
for CEA. Major adverse events (stroke) occurred in two CAS cases. In multivariate logistic analysis, postoperative 
ischemic lesions were independently associated with age (odds ratio [OR] = 1.13, 95% confidence interval [CI]: 
1.01–1.26, P = 0.026) and vulnerable plaque (OR = 5.54, 95% CI: 1.48–20.70, P = 0.011) in the CAS group, but not 
in the CEA group.

Conclusion: e results reflect the treatment algorithm at our hospital, indicating that triage is accurate. us, 
it is beneficial to assign cases based primarily on plaque vulnerability and anatomical risk for CEA, and to not 
hesitate to perform CEA simply because of old age. CAS as first-line treatment and CEA are effective and safe, 
which reflect the treatment situation in Japan.

Keywords: Carotid artery stenting, Carotid endarterectomy, Major adverse event, Postoperative ischemic lesion, 
Treatment strategy

www.surgicalneurologyint.com

Surgical Neurology International
Editor-in-Chief: Nancy E. Epstein, MD, Clinical Professor of Neurological Surgery, School of 
Medicine, State U. of NY at Stony Brook.

SNI: Neurovascular Editor 
 Kazuhiro Hongo, MD
 Shinshu University, Matsumoto, Japan Open Access 

 *Corresponding author:  
Takanari Okamoto, 
Department of Neurosurgery, 
Kyoto Prefectural University of 
Medicine Graduate School of 
Medical Science, Kyoto, Japan.

takanari@koto.kpu-m.ac.jp

Received : 06 September 2022 
Accepted : 21 October 2022 
Published : 04 November 2022

DOI 
10.25259/SNI_820_2022

Quick Response Code:



Okamoto, et al.: Treatment of carotid artery stenosis

Surgical Neurology International • 2022 • 13(513) | 2

recommendation, CAS procedures far outnumber CEA 
procedures in Japan due to advantages of convenience, 
reduced invasiveness, and availability of devices to prevent 
embolic stroke.[15,16]

ere are opposing opinions on CEA and CAS, but, in recent 
years, this discussion has focused on selection of appropriate 
treatment based on the characteristics of both procedures. 
e unique feature of surgical treatment for carotid artery 
stenosis in Japan is that both CAS and CEA can be performed 
by the same team or the same neurosurgeon. erefore, 
treatment options tend to be selected more evenly than in 
other countries and the outcomes of both treatments are 
likely to be good. In this study, we analyzed data from a single 
center to examine the strategy of CAS as first-line treatment 
and CEA for carotid artery stenosis.

MATERIALS AND METHODS

Study design and patients

Patients with carotid artery stenosis who underwent CAS 
or CEA at our hospital between January 2012 and May 
2020 were reviewed retrospectively in a single-center study. 
Surgical treatment was performed for patients with (1) 
angiographically symptomatic stenosis of at least 50% of the 
luminal diameter, (2) asymptomatic stenosis of at least 70%, 
and (3) symptomatic stenosis with intraluminal ulceration. 
Patients who were unable to complete the surgical treatment 
and those with occlusion or dissection were excluded from 
the study. Demographic information (age, sex, and race), 
symptomatic stenosis, stroke risk factors (smoking status, 
hypertension, diabetes mellitus, hyperlipidemia, history 
of stroke, and history of heart disease), renal function 
(estimated glomerular filtration rate), plaque parameters 
(degree of stenosis and lesion length), pre-  and post-
operative modified Rankin Score (mRS), and postoperative 
complications were collected for each patient. Carotid 
stenosis was deemed symptomatic if neurologic symptoms 
attributable to the ipsilateral hemisphere were present within 
a year before presentation.

Preoperative evaluation and patient selection

For patients with carotid artery stenosis diagnosed by 
ultrasonography (US), either CTA or diagnostic angiography 
was performed before intervention to identify anatomical 
factors that could affect the treatment decision. Preoperative 
US, MRI, and CTA were used to evaluate internal carotid 
artery (ICA) plaques. In addition to carotid imaging, 
blood pressure monitoring, heart rhythm monitoring, 
electrocardiogram, and echocardiography were performed. 
If there were any abnormalities in cardiac function, the 
patient was examined by a cardiologist and prioritized for 
cardiac treatment. At our hospital, CAS is the first choice 

for patients with carotid artery stenosis. CEA was chosen in 
cases with vulnerable plaques; a relatively low risk for general 
anesthesia, such as cardiopulmonary insufficiency; and no 
anatomical features disadvantageous for endarterectomy, 
such as high or low cervical lesions, previous radiotherapy, 
and contralateral internal carotid stenosis [Figure  1]. 
Treatments were discussed among the surgical team. e 
surgery was performed mainly by two neurosurgeons with 
expertise in interventional radiology and open surgery. 
e study was conducted to evaluate whether patients were 
correctly assigned to CEA using a risk index for myocardial 
infarction, stroke, or death. e risk index predictors are age, 
living in a nursing home, cardiovascular disease, congestive 
heart failure, chronic obstructive pulmonary disease, diabetes 
mellitus, and degree of contralateral stenosis.[5]

Definitions of preoperative variables

Plaque was judged to be vulnerable in a case with a 
signal intensity ratio (SIR) of carotid plaque against 
sternocleidomastoid muscle on black-blood fat-suppressed 
(FS) T1-weighted magnetic resonance imaging (T1-
MRI) >1.5 or a high-intensity signal on time-of-flight-
MR angiography. In addition, if preoperative US of the 
ICA plaque showed a mobile component that was not 
synchronized with the heartbeat, the plaque was also judged 
to be vulnerable.[17,21] Severely calcified plaque was defined as 
four-quadrant calcification (cross-sectional calcium ≥270°) 
on CTA. High cervical stenosis was defined as that higher 
than the second cervical vertebra or mastoid mandibular 

Figure  1: Algorithm for surgical management of carotid artery 
stenosis. CEA: carotid endarterectomy, CAS: carotid artery stenting.
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line.[11] Unfavorable anatomies for CEA were considered to be 
(1) carotid lesions located at or above the level of the second 
cervical vertebra, (2) lesions below the clavicle, (3) prior 
radical neck surgery or radiation, (4) contralateral carotid 
occlusion, (5) preoperative CEA for recurrent stenosis, 
(6) contralateral laryngeal nerve palsy, and (7) tracheostomy 
in accordance with the USA Guideline on the Management 
of Patients with Extracranial Carotid and Vertebral Artery 
Disease.[1]

Surgical procedures

CAS was performed under local anesthesia. Patients who 
underwent CAS received perioperative dual antiplatelet 
therapy (usually aspirin and clopidogrel) and intraoperative 
systemic heparinization. An embolic protection device was 
utilized in all cases, and dual protection (proximal balloon 
protection of the common carotid artery and the external 
carotid artery, and distal protection) was used whenever 
possible. Distal protection was mainly performed with filter 
devices. An open- or closed-cell stent was selected depending 
on plaque vulnerability and flexion of the lesion. For example, 
we primarily chose a closed-cell stent for linear lesions with 
vulnerable plaque. Systemic heparinization was continued 
for 5 min after the final angioplasty and not reversed.

CEA was performed under general anesthesia. Preoperative 
single antiplatelet therapy (usually aspirin) was continued, 
and systemic heparin was administered before blood flow was 
blocked. Patients underwent monitoring with continuous 
electroencephalography and near-infrared spectroscopy. 
ree-way internal shunts were placed in almost all cases. No 
patch angioplasty was performed.

Postoperative evaluation

Complications associated with CEA or CAS and those 
common to both, such as hyperperfusion, were assessed. 
Postoperative stroke or asymptomatic hyperintensities on 
diffusion-weighted imaging (DWI) were examined within 
48  h after surgery. Major adverse events were defined as 
major stroke, myocardial infarction, and death after surgical 
treatment. Stroke was defined as a rapidly developing clinical 
syndrome of focal disturbance of cerebral function that lasted 
more than 24 h. Minor and major strokes were defined as new 
neurological deficits that completely resolved within 30 days 
or lasted for more than 30 days of follow-up, respectively. e 
mRS score for disability was used to evaluate the preoperative 
and 1-year postoperative neurological conditions of the 
patients.

Statistical analysis

For patient characteristics, continuous and ordinal variables 
are summarized as median and range and compared 

by Mann–Whitney U-test, and categorical variables are 
summarized as frequencies (percentages) and compared by 
Fisher’s exact test. Relationships between the occurrence 
of postoperative ischemic lesions, including symptomatic 
and asymptomatic lesions positive on DWI, and patient 
characteristics were examined by multivariate logistic 
regression analysis according to the surgical procedures 
(CAS and CEA). P < 0.05 was considered to be statistically 
significant. All statistical analyses were performed with R 
version 4.0.0 (e R Foundation for Statistical Computing).

RESULTS

Patient background

After a retrospective review of cases, three patients were 
excluded from the study due to pseudo-occlusion with the 
guidewire unable to pass through, complete occlusion with 
the guidewire failing to pass, and performance of CAS for 
an occlusion due to carotid artery dissection, respectively. 
Of the 140 cases enrolled in the study, 102 underwent CAS 
and 38 underwent CEA. All of the patients were Japanese. 
e characteristics of the 140  cases are shown in Table  1. 
CAS cases had a higher median age compared to CEA cases 
(75 vs. 70 years). Regarding risk factors, the rate of previous 
stroke or transient ischemic attack was higher in the CEA 
group (71.6% vs. 89.5%). Cardiac disease tended to be more 
common in CAS cases, and no CEA cases had cardiac failure. 
e risk index for CEA was higher in CAS cases (8  vs. 6 
points). e CEA group had higher rates of unfavorable 
anatomies (2.6% vs. 37.3%) and vulnerable plaques (40.2% 
vs. 84.2%) and SIR (1.18  vs. 1.71). e only vulnerable 
plaques were three mobile plaques identified on US, and all 
were found in CEA cases. e CEA group also had only one 
case with a high cervical lesion.

Postoperative clinical outcome

Postoperative clinical outcomes after CAS or CEA are shown 
in Table  2. Major stroke occurred as a major adverse event 
within 30 days in 2 patients (2%) in the CAS group, giving an 
overall rate of 1.4%. Minor stroke occurred in 2 patients (2%) 
in the CAS group and in 1 patient (2.6%) in the CEA group, 
giving an overall rate of 2.1%. DWI showed asymptomatic 
hyperintensities in 29  (28.4%) CAS and 9  (23.7%) CEA 
cases, and hyperperfusion occurred in 4 (3.9%) and 1 (2.6%) 
cases, respectively. At 1  year postoperatively, mRS did not 
differ between the two groups, and follow-up angiography 
showed no restenosis requiring retreatment. Five CAS cases 
had puncture site hematoma and 26 had hypotension/
bradycardia, while two CEA cases had postoperative wound 
hematomas and two had transient hoarseness (recurrent 
laryngeal nerve palsy). None of these adverse events resulted 
in permanent disability.
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Table 1: Patient characteristics (n=140 cases).

Item CAS (n=102) CEA (n=38) P-value

Age, years, median (range) 75 (49–87) 70 (60–88) 0.011
Male sex, n (%) 92 (90.2) 32 (84.2) 0.373
Symptomatic stenosis, n (%) 51 (50.0) 25 (65.8) 0.127
Risk factors

Hypertension, n (%) 83 (81.4) 29 (76.3) 0.487
Diabetes mellitus, n (%) 43 (42.2) 11 (28.9) 0.176
Dyslipidemia, n (%) 63 (61.8) 25 (65.8) 0.699
Current smoker, n (%) 22 (21.6) 15 (39.5) 0.051
Ex-smoker, n (%) 50 (49.0) 15 (39.5) 0.346
Previous stroke/TIA, n (%) 73 (71.6) 34 (89.5) 0.027
Cardiovascular disease, n (%) 36 (35.3) 7 (18.4) 0.065
Cardiac failure, n (%) 7 (6.9) 0 (0) 0.189
Peripheral artery disease, n (%) 17 (16.7) 2 (5.3) 0.099

High risk for CEA, n (%) 38 (37.3) 1 (2.6) <0.001
Risk index for CEA, median (range) 8 (2–19) 6 (4–15) <0.001
eGFR, mL/min/1.73 m², median (range) 64.8 (7.1–132.6) 63.4 (28.6–95.8) 0.933
Plaque parameters

Degree of stenosis, %*, median (range) 72.5 (22.4–95.2) 66.0 (35.4–95.0) 0.066
Lesion length, mm, median (range) 22.8 (10.2–38.3) 23.0 (8.1–35.6) 0.643
Signal intensity ratio, median (range) 1.18 (0.40–2.84) 1.71 (0.62–2.99) <0.001
Vulnerable plaque, n (%) 41 (40.2) 32 (84.2) <0.001
Severely calcified plaque, n (%) 21 (20.6) 9 (23.7) 0.817
High cervical lesion, n (%) 34 (33.3) 1 (2.6) <0.001

TIA: Transient ischemic attack, eGFR: Estimated glomerular filtration rate, CAS: Carotid artery stenting, CEA: Carotid endarterectomy. *Based on North 
American Symptomatic Carotid Endarterectomy Trial (NASCET) criteria

Table 2: Postoperative clinical outcomes.

Item Total 
(n=140)

CAS 
(n=102)

CEA 
(n=38)

Major adverse event, n (%) 2 (1.4) 2 (2.0) 0 (0)
Major stroke, n (%) 2 (1.4) 2 (2.0) 0 (0)
Myocardial infarction, n (%) 0 (0) 0 (0) 0 (0)
Death, n (%) 0 (0) 0 (0) 0 (0)

Minor stroke, n (%) 3 (2.1) 2 (2.0) 1 (2.6)
Asymptomatic HI on DWI, 
n (%)

38 (27.1) 29 (28.4) 9 (23.7)

Hyperperfusion, n (%) 5 (3.6) 4 (3.9) 1 (2.6)
Preoperative mRS

0–2, n (%) 127 (90.7) 92 (90.2) 35 (92.1)
3–5, n (%) 13 (9.3) 10 (9.8) 3 (7.9)

mRS at 1 year
0–2, n (%) 135 (96.4) 97 (95.1) 38 (100)
3–5, n (%) 5 (3.6) 5 (4.9) 0 (0)

HI: Hyperintensity, DWI: Diffusion-weighted imaging, mRS: Modified 
Rankin scale, CAS: Carotid artery stenting

Postoperative ischemic lesions after CAS or CEA

Symptomatic or asymptomatic lesions positive on DWI 
within 48 h after surgery were observed in 33 cases (32.4%) 
in the CAS group and 10 cases (26.3%) in the CEA group. e 
adjusted odds ratio (OR) with 95% confidence intervals (CIs) 

for positive DWI after CAS is shown in Table 3. Occurrence 
of postoperative ischemic lesions was independently 
associated with age (OR = 1.13, 95% CI: 1.01–1.26, P = 0.026) 
and vulnerable plaque (OR = 5.54, 95% CI: 1.48–20.70, 
P = 0.011). Proximal protection was weakly correlated with 
a risk of postoperative ischemic lesions, but strongly with 
aortic arch type. It was difficult to assess whether proximal 
protection is an independent effect because of the small 
number of patients. Similarly, adjusted ORs with 95% CIs for 
positive DWI after CEA are shown in Table  4. Neither age 
nor other factors were significantly correlated with a risk of 
postoperative ischemic lesions in CEA.

Illustrative case: A patient with major stroke

e patient was a 78-year-old man with asymptomatic 
right ICA stenosis who was indicated for surgical treatment 
because the stenosis was >70%, and further, progression was 
observed. Preoperative fluid-attenuated inversion-recovery 
MRI showed chronic ischemic white matter changes and no 
acute changes [Figure 2a]. e carotid plaque was judged to 
be vulnerable because the SIR on black-blood FS T1-MRI 
was >1.5 [Figure 2b], but we chose CAS due to old age and 
a relatively high cervical lesion. A  right common carotid 
angiogram revealed severe stenosis of the cervical ICA before 
CAS [Figure  2c]. Under dual protection, predilation was 
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dilatation of the right ICA stenosis [Figure 2e]. e presence 
of debris was confirmed in aspirated blood. Postoperatively, 
the patient developed major ipsilateral stroke and presented 
with the left hemiparesis and left spatial neglect [Figure 2f].

DISCUSSION

e characteristics of the patients show that the results of 
this study reflect the treatment algorithm used at our facility, 
indicating that triage is accurate. In the CAS group, adequate 
selection of protection devices and surgical procedure can 
produce satisfactory results, and combined with CEA, 
the rate of major adverse events was very low. However, 
vulnerable plaques were associated with increased risk of 
postoperative stroke after CAS, but not after CEA. ese 
results are consistent with the high incidence of cerebral 
ischemic complications in CAS for vulnerable plaques with 
high signal intensity on MRI.[13,20] In CEA, carotid plaque 
is removed under occlusion and the plaque characteristics 
are unlikely to be related to embolic risk, consistent with 
the finding that asymptomatic ischemic lesions are more 
frequently seen on DWI after carotid stenting than after 
endarterectomy.[4]

All patients with major stroke in this study had preoperative 
findings of possible vulnerable plaque, but some also had 
factors that discouraged CEA under general anesthesia, 
such as advanced age and a high cervical lesion, so CAS 
was chosen. CAS for vulnerable plaques requires stringent 
embolic protection, and combined proximal and distal 
protection might be more useful and safer than single 
protection alone.[10] At our center, flow arrest (proximal 
protection) and distal filter protection are mainly used. 
Construction of a flow reversal system is not used, but is 
considered to be a good option. A  previous retrospective 
study found that a combination of dual protection and 
blood aspiration provides effective distal embolic protection, 
suggesting that CAS using this approach is safe in patients 
with vulnerable plaques.[17] CAS with a dual layer stent 
has a low incidence of perioperative complications and 
restenosis[14] and this may be a solution for protection from 
cerebral embolic events.

Multivariate logistic analysis revealed that proximal protection 
was weakly correlated with a risk of postoperative ischemic 
lesions, but strongly correlated with the aortic arch type. 
Instrumentation of an atherosclerotic aortic arch may release 
plaque debris to the brain during carotid catheterization. 
A  balloon-guided catheter has a larger diameter and 
higher rigidity than a nonballoon-guided catheter, and 
proximal balloon protection involves more complex surgical 
procedures. Increased shear stress in the artery walls during 
carotid catheterization and the longer procedure time may 
affect the results.[3] For this reason, it is important to evaluate 
the approach route for using proximal protection.

Table 3: Multivariate logistic regression analysis of potential risk 
factors for postoperative ischemic lesions after CAS (n=102).

Variable OR 95% CI P-value

Age (1-year increment) 1.13 1.01–1.26 0.026
Degree of stenosis  
(1% increment)

0.98 0.95–1.01 0.234

Lesion length  
(1 mm increment)

1.10 0.98–1.24 0.102

Degree of contralateral 
stenosis (1% increment)

0.99 0.98–1.01 0.246

Symptomatic lesion
No Reference – –
Yes 0.32 0.09–1.11 0.073

Vulnerable plaque
No Reference – –
Yes 5.54 1.48–20.70 0.011

Aortic arch type
I.II Reference – –
III 2.88 0.80–10.40 0.107

Distal protection
No Reference – –
Yes 0.99 0.031–31.60 0.996

Proximal protection
No Reference – –
Yes 2.25 0.48–10.60 0.302

Stent type
Closed cell Reference – –
Open cell 2.81 0.72–11.00 0.137

OR: Odds ratio, CI: Confidence interval, CAS: Carotid artery stenting

Table 4: Multivariate logistic regression analysis of potential risk 
factors for postoperative ischemic lesions after CEA (n=38).

Variable OR 95% CI P-value

Age (1-year increment) 0.92 0.80–1.05 0.211
Degree of stenosis  
(1% increment)

0.98 0.93–1.03 0.432

Lesion length  
(1 mm increment)

0.98 0.86–1.10 0.695

Degree of contralateral 
stenosis (1% increment)

1.00 0.96–1.04 0.857

Clamp time (1 min increment) 1.00 0.97–1.03 0.965
Symptomatic lesion

No Reference – –
Yes 1.10 0.18–6.57 0.917

Vulnerable plaque
No Reference – –
Yes 2.45 0.18–33.80 0.502

OR: Odds ratio, CI: Confidence interval

performed with a 4 × 30 mm angioplasty catheter [Figure 2d]. 
A  10 × 24  mm self-expanding stent (Carotid Wallstent; 
Boston Scientific, Natick, MA, USA) was deployed and 
postdilation was performed with a 4.5 × 20 mm angioplasty 
catheter. A  poststenting angiogram showed sufficient 
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In some CEA cases, viscous fluid flowed out from the 
carotid plaque after cutting the adventitia of the common 
carotid artery [Figure 3]. It is important to extract the liquid 
plaque in soft plaques correctly because viscous fluid can 
pass through a distal protection device, which may result 
in severe cerebrovascular embolism. A  retrospective study 
found that MRI categories based on a combination of SIR 
in black-blood FS T1-MRI and T2-MRI could differentiate 
liquid from solid components with high accuracy.[19] us, if 
preoperative assessment shows high SIR on both FS T1-MRI 
and T2-MRI, the indication for CEA should be reconsidered 
or more stringent embolic protection such as dual protection 
and blood aspiration should be used if CAS is the only choice 
because of other characteristics.

e Carotid Revascularization Endarterectomy versus Stent 
Trial demonstrated superiority of CEA in elderly patients. 
Outcomes were slightly better after CAS for patients aged 
<70  years and better after CEA for patients >70  years.[2] In 
addition, Macdonald et al. found a significant increase in 
complications of CAS in cases with tortuous access routes and 

Figure 3: (a and b) Long-axis black-blood fat-suppressed T1- and 
T2-weighted MRI showing high-intensity signals for internal carotid 
artery (ICA) plaque (white arrows). (c) CT angiography indicated 
approximately 50% stenosis using the criteria defined in the North 
American Symptomatic Carotid Endarterectomy Trial (NASCET). 
(d) Viscous fluid flowed from the carotid plaque after cutting of the 
adventitia of the common carotid artery (white arrow).

c d

a b

Figure 2: (a) Preoperative fluid-attenuated inversion-recovery MRI showing chronic ischemic white matter changes and no acute changes. 
(b) Black-blood fat-suppressed T1-weighted MRI showed high-intensity signals for internal carotid artery (ICA) plaque (white arrow). (c) 
Preoperative lateral subtraction angiogram showing severe stenosis in the right ICA. (d) Frontal unsubtracted angiographic view during 
carotid artery stenting (CAS) using dual protection (proximal balloon and distal filter) (white arrows). Under dual protection, predilation was 
performed with a 4×30 mm angioplasty catheter (white arrowheads). (e) Postoperative lateral view of a digital subtraction angiogram shows a 
dilated stenotic lesion after CAS. Postoperative diffusion-weighted MRI showed multiple infarction in the right hemisphere.

c d e

f

b
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in patients aged >80 years.[12] In our analysis, aging was not 
significantly correlated with a risk of postoperative ischemic 
lesions in CEA, whereas the occurrence of these lesions was 
independently associated with aging in CAS. Similar results 
were found in a meta-analysis.[7] us, in our treatment 
algorithm, it is important not to hesitate to perform CEA 
just because of old age, with due consideration of the risks of 
general anesthesia, such as cardiac and respiratory function. 
Furthermore, although we chose CAS in the illustrative case, 
we should not hesitate CEA because of a slight anatomical 
risk such as a relatively high-level lesion which does not 
strictly meet with the definition of high cervical stenosis.

In recent years, the use of CAS has increased markedly 
due to advantages of convenience, less invasiveness, and 
advances in devices. In 2019, 8471 CAS and 4053 CEA 
procedures were performed in Japan, and the proportion of 
CAS is increasing yearly.[9] In real-world experience of CAS, 
data from the Japanese Registry of NeuroEndovascular 
erapy 3 (JR-NET3) showed that 9.8% of patients 
had major stroke and 33.4% had minor stroke.[18] e 
second asymptomatic carotid surgery trial (ACST-2), an 
international multicenter randomized trial of CAS versus 
CEA, suggested that serious complication is similarly 
uncommon after both procedures, and that the long-term 
effects on fatal or disabling stroke are also comparable, with 
overall rates of 1% for disabling stroke or death and 2% for 
nondisabling procedural stroke.[6]

Two of our patients (1.4%) had major stroke and 3  (2.1%) 
had minor stroke, indicating that our results are not inferior 
to those of JR-NET3 or ACST-2. Our algorithm reflects the 
treatment situation in Japan, where the proportion of CAS 
procedures is increasing, and we obtained relatively good 
outcomes. ere are conflicting views of CAS and CEA, 
but the key issue for good outcomes seems to be use of an 
appropriate treatment algorithm. A  strategy using CAS as 
first-line treatment and CEA based on individual factors, 
with performance of the two procedures by the same team, 
appears to be reasonable.

is study has several limitations. First, it was a single-
center retrospective study with no control group, and the 
statistical power was low due to the small number of patients. 
Second, there was no uniform algorithm used for medical 
treatment and the algorithm for surgical treatment was not 
sufficiently rigorous, especially in determining the risks of 
general anesthesia. In addition, the follow-up period was 
short and evaluation of long-term outcomes for events such 
as restenosis and recurrent stroke is required.

CONCLUSION

CAS as first-line treatment and CEA are effective and safe, 
and this strategy reflects the treatment situation in Japan. It is 

beneficial to assign cases to CEA based primarily on plaque 
vulnerability and anatomical risk, but the indications and 
procedures can be modified and it seems to be important to 
not hesitate to perform CEA just because of old age.
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