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INTRODUCTION

Carotid artery restenosis is a potential
short- and long-term complication after
carotid revascularization using carotid ar-
tery endarterectomy (CEA) or carotid ar-
tery stenting (CAS). The incidence of
restenosis after CEA has been reported to
be from 5% to 22%, and the occurrence of
in-stent restenosis has ranged from 2.7%
to 33%."° Several studies have demon-
strated the temporal component of carotid
restenosis, suggesting that early restenosis
(<3 years) will be caused by myointimal
hyperplasia, and late restenosis (>3 years)

BACKGROUND: Carotid artery restenosis after carotid endarterectomy (CEA)
or carotid artery stenting (CAS) will occur in 3%—30% of cases. Restenosis can
lead to more frequent clinical and imaging monitoring and the potential for
reoperation. We sought to define the demographic, clinical, and radiographic
characteristics that influence the restenosis risk after carotid revascularization.

METHODS: The present study was performed in accordance with the PRISMA
(preferred reporting items for systematic reviews and meta-analyses) guidelines.
A random effects model meta-analysis of hazard ratios (HRs) was conducted.

RESULTS: Eighteen studies with 17,106 patients were included. Diabetes (HR,
1.68; 95% confidence interval [CI], 1.00—2.83; F, 76.7%), dyslipidemia (HR, 1.77;
95% Cl, 1.08—2.91; F, 22.5%), female gender (HR, 1.50; 95% Cl, 1.14—1.98, F, 0%),
chronic kidney disease (HR, 4.15; 95% Cl, 1.69—10.19; F. 44.5%), hypertension (HR,
1.99; 95% Cl, 1.07—3.72; £, 68%), smoking (HR, 1.65; 95% CI, 1.15—2.37; F, 54.3%),
and pretreatment stenosis >70% (HR, 1.04; 95% CI, 1.0—1.08; P, 0%) showed a
statistically significant increase in restenosis risk after carotid revasculariza-
tion. Subgroup analyses of CEA and CAS showed that female gender and
smoking status were significantly associated with recurrent stenosis after CEA
but not after CAS. In contrast, hypertension was associated with restenosis after
CAS but not after CEA. Patch endarterectomy (HR, 0.33; 95% CI, 0.22—0.50; F, 0%)
and symptomatic status at presentation in the CAS group (HR, 0.61; 95% CI, 0.41—
0.90; £, 0%) were associated with a decreased risk of restenosis. Antiplatelet
use and coronary artery disease were not associated with restenosis risk.

CONCLUSIONS: Diabetes, dyslipidemia, female gender, renal failure, hyper-
tension, and smoking were associated with an increased risk of restenosis, and
patch endarterectomy and symptomatic status at presentation were associated
with a decreased risk of carotid restenosis. Both female gender and current
smoking status were only associated with recurrent stenosis after CEA, and
hypertension was only associated with restenosis after CAS.

Several risk factors that affect the
long-term durability of revascularization
have been identified, including active
smoking, diabetes mellitus, female

will be a consequence of recurrent carotid
atherosclerosis.” ™

The clinical effect of carotid restenosis
can be severe, including recurrent stroke

and neurologic morbidity. Patients who
develop carotid restenosis after CEA or
CAS could require a second revasculari-
zation procedure. This, in turn, will lead
to increased healthcare costs, the addi-
tional risk of procedure-related complica-
tions, and patient inconvenience.™"

gender, and stent type used in CAS.”™
Patient selection according to anatomic
factors and clinical variables could help
develop risk stratification tools to accu-
rately select the safest and most effica-
cious carotid revascularization strategy for
each patient.
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Figure 1. PRISMA (preferred reporting items for systematic reviews and meta-analyses) flow diagram.
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The aim of the present meta-analysis
was to define the clinical characteristics
that can influence the risk of restenosis
after carotid revascularization using CEA
or CAS to optimize the patient selection
criteria for each approach.

METHODS

Search Strategy and Selection Criteria

Systematic searches were conducted in
PubMed, Scopus, and Cochrane Central.
The keywords used for the database

searches included carotid, restenosis,
hazard ratio, endarterectomy, and stent-
ing. The search was conducted by 2 of us
(P.T., S.G.) independently. Disagreements
were resolved by a third investigator
(D.G.K.). The references of the included
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Table 1. Baseline Characteristics

Study Mean Age Female Symptomatic Patients HTN Diabetes Dyslipidemia Smoking
Investigator Design (years) Gender (%)  Before Procedure (%) (%) (%) (%) (%)
CEA
De Letter et al.”* 1993 RCT NR 27 NR NR NR NR NR
Cao et al.”” 2000 RCT NR NR NR NR NR NR NR
Mannheim et al.”® 2005 RCT 70 34 46 75 48 48 46
Reina-Gutiérrez et al.”' 2005 0BS 71 22 58 68 29 46 72
Goodney et al.,”° 2010 0BS 73 41 32 86 30 NR 79
Fluri et al.*” 2010 0BS 66 27 82 75 16 47 47
Lal et al.,'® 2012* RCT 69 33 53 86 31 86 26
Malas et al.,”® 2015 RCT 69 33 54 86 31 85 26
Avgerinos et al.*® 2016 0BS 71 44 35 86 32 Wl 24
CAS
de Donato et al.** 2008 0BS 72 33 4 72 26 62 38
Bonati et al.*® 2009 RCT 67 34 9% 48 16 26 72
Verzini et al.*’ 2016 0BS 72 29 25 84 31 61 NR
Lal et al.,'® 2012* RCT 69 35 53 85 30 85 27
Yamagami et al.”® 2012 0BS 7 14 55 75 47 47 27
Misaki et al.* 2016 0BS 70 15 69 73 46 42 69
Zapata-Arriaza et al.,”® 2016 0BS 69 20 74 77 47 62 44
Hung et al.** 2016 0BS 73 19 58 85 36 48 56
Dai et al.”® 2018 0BS 66 14 36 83 37 44 39
Dai et al.”’ 2019 0BS 67 14 54 84 38 43 4
HTN, hypertension; CEA, carotid endarterectomy; RCT, randomized controlled trial; NR, not reported; OBS, observational; CAS, carotid artery stenting.
*The study by Lal et al.” was included in both the CEA and the CAS subgroups.

studies were also manually reviewed to
identify further eligible articles.

A study was included in the present
meta-analysis if it had fulfilled 2 pre-
defined criteria: 1) randomized controlled
trial or prospective or retrospective
observational analysis providing >1 haz-
ard ratio (HR) estimate for the risk factors
associated with restenosis after CAS or
CEA; and 2) studies reported in English up
to October 2018. Studies with a high risk
of bias or studies reporting irrelevant
outcomes were excluded.

Data Extraction and Outcomes

Two reviewers (P.T., S.G.), who were
unaware of the other’s findings, indepen-
dently extracted the relevant data from the
eligible studies. All disagreements were
resolved after discussion, and a final

decision was reached by consensus with
the addition of a third reviewer (D.G.K.).
The primary outcome was the HR of
restenosis for risk factors that included
gender, coronary artery disease (CAD),
hypertension, diabetes mellitus, use of
antiplatelet agents, glomerular filtration
rate <30 mL/min, smoking, primary
stenosis of >70%, symptomatic status at
presentation, and patch use in CEA.

Risk of Bias Assessment

The risk of bias was assessed by 2 of us
(P.T., S.G.) with the Cochrane tool for the
randomized studies and the Robins-I tool
for nonrandomized studies.”>® The
following domains for the nonrandomized
studies were evaluated: confounding, se-
lection of participants, departure from
intended interventions, missing data,

measurement of outcomes, and selective
reporting. Randomized control trials were
evaluated in terms of random sequence
generation, allocation concealment, blind-
ing of participants, blinding of outcome
assessment, incomplete outcome data, and
selective reporting. Discrepancies in quality
assessment were resolved via consensus.

Statistical Synthesis and Analysis

HRs with the corresponding 95% confi-
dence intervals (CIs) were used for the
outcomes. A random effects model was
used to account for heterogeneity among
studies. Heterogeneity was assessed using
the Higgins I* statistic.” An I >50%
indicated  significant  heterogeneity."”
Forest plots were used to graphically
display the effect size in each study and
the pooled estimates. Sensitivity analyses
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Figure 2. Forest plot showing the effect of diabetes on restenosis after carotid revascularization. CAS,
carotid artery stenting; CEA, carotid endarterectomy; Cl, confidence interval; HR, hazard ratio.

were conducted for all the outcomes,
stratified by CEA and CAS. A P value

significant. ~ STATA, version  14.I
(StataCorp, College Station, Texas, USA),

<o0.05 was considered statistically was used as the statistical software.
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Figure 3. Forest plot showing the effect of dyslipidemia on restenosis after carotid revascularization.
CAS, carotid artery stenting; CEA, carotid endarterectomy; Cl, confidence interval; HR, hazard ratio.

RESULTS

Search Results

The literature search yielded 103 poten-
tially relevant records after the duplicates
had been removed. After screening the
titles and abstracts, 28 studies were
retrieved for full-text evaluation, and 18
studies had satisfied the predetermined
search criteria and were included in the
present meta-analysis as shown in the
PRISMA (preferred reporting items for
systematic reviews and meta-analyses)
flow diagram (Figure 1).

Characteristics of Studies and Patients
Of the 18 included studies, 6 were ran-
domized trials and 12 were observational
cohort analyses.’®” The assessment of the
risk of bias is presented in Supplemental
Tables 1 and 2. Overall 17,106 patients
were included in the present meta-
analysis. Detailed patient and study char-
acteristics are presented in Table 1. Nine
studies™ 243937 reported the HRs of
restenosis after CEA and 10 after
CAS."#203%3235  Ope of these studies
reported the HRs for both CEA and
CAS.™® All the studies had reported the
adjusted HRs from multivariate analyses,
except for 3 studies, which had provided
unadjusted HRs only.”®3*3 Restenosis
after carotid revascularization  was
defined as stenosis >50% in 1II
studies,?>>420:27:29:30323537  >2006 in 6
studies,®92423283%  and  >80% in 1
study.>®

Factors with a Statistically Significant
Association with Restenosis

Diabetes mellitus showed a statistically
significant association with restenosis af-
ter carotid revascularization (HR, 1.68;
95% CI, 1.00—2.83; I*, 76.7%) but was
without statistical significance in the
subgroup analyses for CEA and CAS (CEA:
HR, 1.75; 95% CI, 0.81—3.76; and CAS:
HR, 1.64; 95% CI, 0.70—3.80; Figure 2).
Dyslipidemia  was  associated  with
restenosis after carotid revascularization
(HR, 1.77; 95% CI, 1.08—2.91; %, 22.5%),
both after CEA (HR, 1.57; 95% CI, 1.05—
2.33; P, 0%) and after CAS (HR, 5.12;
95% CI, 1.25—20.97; Figure 3). Female
gender demonstrated a statistically
significant association with restenosis
after carotid interventions (HR, 1.50; 95%
Cl, 1.14—1.98; I, 0%). Subgroup analyses
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Figure 4. Forest plot showing the effect of female gender on restenosis after carotid revascularization.
CAS, carotid artery stenting; CEA, carotid endarterectomy; Cl, confidence interval; HR, hazard ratio.

for CEA and CAS showed a significant
association for CEA (HR, 1.67; 95% CI,
1.14—2.44; I, 0%) but not for CAS (HR,

Figure 4). Chronic kidney disease (CKD)
stage 4 or 5 (defined as glomerular
filtration rate <30 mL/min) was also

CAS

1.33; 95% CI; 0.89—1.99; I, 0%; associated with restenosis (HR, 4.15;
GFR<30 ml/min
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Figure 5. Forest plot showing the effect of chronic kidney disease stage 4 or 5 (glomerular filtration
rate [GFR] <30 mL/min) on restenosis after carotid revascularization. CAS, carotid artery stenting;
CEA, carotid endarterectomy; Cl, confidence interval; HR, hazard ratio.

95% CI, 1.69—10.19; I*, 44.5%). The
results were significant for both CEA
(HR, 2.92; 95% CI, 1.50—5.70; I*, 0%)
and CAS (HR, 17.73; 95% CI, 2.95—
106.64; Figure 5). The presence of
hypertension in patients who had
undergone carotid revascularization was
associated with restenosis (HR, 1.99;
95% CI, 1.07—3.72; I}, 68%). Patients in
the CAS group demonstrated a
significant association with restenosis
(HR, 3.51; 95% CI, 1.71—7.19; I, 0%)
compared with the patients in the CEA
group (HR, 1.51; 95% CI, 0.78—2.90; I,
60.9%), for whom no association was
found (Figure 6). Active smokers had a
statistically ~ significant  hazard for
restenosis after carotid revascularization
(HR, 1.65; 95% CI, 1.15—2.37; I*, 54.3%).
Smoking was associated with restenosis
in the CEA group (HR, 1.79; 95% CI,
1.22—2.62; [*, 29.6%) but not the CAS
group (HR, 1.52; 95% CI, 0.78—2.98; I,
71.2%; Figure 7). Patch closure of the
carotid arteriotomy was associated with a
statistically significant lower risk of
restenosis (HR, 0.33; 95% CI, 0.22—0.50;
%, 0%; Figure 8). Symptomatic patients
at presentation were at a statistically
significant lower risk of restenosis after
carotid revascularization (HR, 0.68; 95%
Cl, 0.50—0.93; I, 0%). This association
was significant for the CAS group (HR,
0.61; 95% CI, 0.41—0.90; I?, 0%) but not
the CEA group (HR, 0.82; 95% CI, 0.50—
1.34; Figure 9). Pretreatment stenosis
>70% showed a statistically significant
association with restenosis (HR, 1.04;
95% CI, 1.00—1.08; I*, 0%; Figure 10).

Factors without a Statistically Significant
Association with Restenosis

Antiplatelet medication did not reduce the
risk of restenosis after carotid revascular-
ization (HR, 0.65; 95% CI, 0.26—1.59; P,
36.3%). This was consistent in the
subgroups of CEA (HR, 0.78; 95% CI,
0.34—1.80) and CAS (HR, 0.63; 95% CI,
0.10—4.08; I, 62.2%; Figure 11). CAD did
not increase the risk of restenosis
significantly in the pooled analysis (HR,
1.18; 95% CI, 0.86—1.61; I, 14%), the
CEA subgroup (HR, 1.06; 95% CI, 0.75—
1.49; I?, 0%) or the CAS subgroup (HR,
2.16; 95% CI, 0.50—9.31; [}, 60.2%;
Figure 12).
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Figure 6. Forest plot showing the effect of hypertension on restenosis after carotid revascularization.
CAS, carotid artery stenting; CEA, carotid endarterectomy; Cl, confidence interval; HR, hazard ratio.

DISCUSSION restenosis after CEA or CAS. Our results

The present meta-analysis investigated the have demonstrated that diabetes, dyslipi-
effect of various baseline demographic, demia, female gender, renal failure, pre-
clinical, and radiographic factors on carotid ~ treatment stenosis >70%, hypertension,

Current smoking
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Figure 7. Forest plot showing the effect of smoking on restenosis after carotid revascularization. CAS,
carotid artery stenting; CEA, carotid endarterectomy; Cl, confidence interval; HR, hazard ratio.

and smoking were associated with an
increased risk of restenosis and that patch
endarterectomy and symptomatic status at
baseline were associated with a decreased
risk of restenosis. Furthermore, the use of
antiplatelet medication and the presence of
CAD did not show a statistically significant
association with restenosis after carotid
revascularization.

Carotid restenosis after CEA or in-stent
restenosis after CAS is a complication that
can result in recurrent stroke and neuro-
logic morbidity.3®3° Thus, the identifica-
tion of patients at an increased risk of
restenosis is important to optimize patient
selection for the most durable revascular-
ization procedure and to develop the best
strategy for postprocedural clinical and
imaging surveillance. The results from the
present meta-analysis suggest that female
gender, diabetes, dyslipidemia, hyperten-
sion, smoking, and CKD stage 4 or 5 are
potential risk factors for carotid reste-
nosis. Although pretreatment stenosis
>70% had a statistically significant asso-
ciation with restenosis, the pooled HR
estimate was only 1.04, which calls into
question the clinical significance. The re-
sults for female gender, dyslipidemia, and
CKD stage 4 or 5 were consistent among
the included studies. In contrast, the re-
sults for diabetes, hypertension, and
smoking were inconsistent among the
included studies, which was reflected by
the high amount of heterogeneity identi-
fied. Furthermore, the subgroup analyses
for CEA and CAS could potentially provide
insight on the optimal treatment modality
for patients who require carotid revascu-
larization. Female gender was a statisti-
cally significant risk factor for restenosis
for patients in the CEA group (HR, 1.67;
95% CI, 1.14—2.44) but not for those in
the CAS group (HR, 1.33; 95% CI, 0.89—
1.99; I, 0%). Several studies have reported
that female gender is a risk factor for
restenosis after CEA.%?"4° In contrast,
reported data have indicated no differ-
ences exists between men and women in
terms of in-stent restenosis after CAS.*
The varying effect of female gender on
CEA versus CAS could be because
women generally will have smaller
carotid artery diameters.** This might
render their carotid vasculature more
vulnerable to restenosis after CEA
secondary to suturing of the arteriotomy
compared with the general expansile
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Figure 8. Forest plot showing the effect of patch closure on restenosis after carotid endarterectomy.
CAS, carotid artery stenting; CEA, carotid endarterectomy; Cl, confidence interval; HR, hazard ratio.

force of angioplasty and stenting. In
addition, the effect of sex hormones on
the nature of atheromatous plaque could
play a role. Similarly, current smoking
was associated with restenosis after CEA

(HR, 1.79; 95% CI, 1.22—2.62) but not
after CAS (HR, 1.52; 95% CI, 0.78—2.98).
This is agreement with the results of a
secondary analysis of the CREST (carotid
revascularization ~ endarterectomy  vs.
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Figure 9. Forest plot showing the effect of symptomatic status at baseline on restenosis after carotid
revascularization. CAS, carotid artery stenting; CEA, carotid endarterectomy; Cl, confidence interval;

HR, hazard ratio.

stenting trial), which showed that
smoking is in independent risk factor for
restenosis only after CEA."® This could
be explained by the potentially different
effect of smoking on the healing process
after CAS versus after CEA, given the
different nature of carotid injury between
the 2 revascularization strategies.”” In
contrast, hypertension was a risk factor
of restenosis after CAS (HR, 3.51; 95%
Cl, 1.71—7.19) but not after CEA (HR,
1.51; 95% CI, 0.78—2.90) in the present
meta-analysis. Zapata-Arriaza et al.”®
showed that hypertension is associated
with carotid restenosis after CAS. They
attributed this to the harmful effect of
hypertension on the endothelium, which
accelerates inflammation and smooth
muscle cell proliferation at the site of
stent placement.”® However, the results
from studies investigating the association
of hypertension with the progression of
carotid disease after CEA have been
inconclusive.3*3 These results suggest
that female patients and smokers might
have a lower risk of restenosis if they
undergo CAS and that patients with
hypertension might have a lower risk of
restenosis if they wundergo CEA.
Nevertheless, further studies directly
comparing CEA versus CAS for female
patients, smokers, and those with
hypertension are warranted to validate
our results.

Dyslipidemia and renal failure were
independently associated with restenosis
after both CEA and CAS. Hypercholester-
olemia is a well-established risk factor for
atherosclerotic disease. Evidence has
shown a significant association between
hyperlipidemia and carotid restenosis after
both CEA and CAS.*? The pathophysiologic
mechanism involves vascular damage by
oxidation of low-density lipoprotein
and formation of unstable, foamy, necrotic,
atherosclerotic carotid plaques.**
Moreover, uremia and diabetes are known
universal factors implicated in the
development of atherosclerotic
disease.*># Patients with end-stage renal
disease can develop endothelial dysfunc-

tion through several mechanisms,
including elevated low-density lipoprotein,
decreased  adiponectin  levels, and

decreased clearance of proinflammatory
and oxidative substances.*® Our results
have demonstrated that diabetes was a
significant risk factor for restenosis only
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Figure 10. Forest plot showing the effect of pretreatment stenosis >70% on restenosis after carotid
revascularization. CAS, carotid artery stenting; CEA, carotid endarterectomy; Cl, confidence interval;

HR, hazard ratio.

in the pooled analysis and not in the CEA
and CAS subgroups. However, it is likely
that the subgroup analyses were
underpowered to detect such a difference.

atherosclerosis by conventional
mechanisms, including dyslipidemia and
hypertension, and through diabetes-
specific factors, including increased pro-

Diabetes can increase the risk of duction of reactive oxygen species
Antiplatelet therapy
%
study HR (95% CI) Weight
i
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Figure 11. Forest plot showing the effect of antiplatelet medication on restenosis after carotid
revascularization. CAS, carotid artery stenting; CEA, carotid endarterectomy; Cl, confidence interval;

HR, hazard ratio.

secondary to hyperglycemia and dysregu-
lated matrix protein production.*’

Patch closure of the endarterectomy was
associated with a statistically significant
lower risk of restenosis compared with
primary closure, consistent with previous
reported data.”®>>°° Symptomatic status at
presentation was also found to be associ-
ated with a significantly lower risk of
restenosis after carotid revascularization.
However, none of the individual included
studies for this comparison reported a
statistically significant association, which
could be explained by the increased sta-
tistical power a meta-analysis provides
compared with that of individual studies.
Nevertheless, we believe this could have
been a confounded result, given that
symptomatic patients might receive more
comprehensive medical therapy (e.g.,
statins) compared with those without
presenting symptoms. Statins are known
to delay progression in atherosclerotic
carotid arteries, reduce postoperative
complications after CAS and CEA, and,
potentially, induce regression of steno-
sis.”™* Also, the statin-mediated lipid-
lowering effect is known to provide a
reduction of carotid intima media
thickness by 0.73% annually (95% CI,
0.27—1.19) for every 10% reduction in low-

density lipoprotein cholesterol.>
Nevertheless, none of the included
studies provided a HR for statins;

therefore, their effect on restenosis could
not be investigated in the present meta-
analysis.

The present study found no association
between coexisting CAD and antiplatelet
therapy with carotid restenosis in either
the CAS or the CEA subgroups. One of the
2 studies that reported the effect of anti-
platelet therapy provided the HR for cil-
ostazol and showed a preventive effect on
restenosis.” However, the second study
did not specifically report the exact
antiplatelet that was used, which limited
the generalizability of our pooled
estimate.”® Finally, the included studies
consistently reported no significant
association of CAD with recurrent carotid
stenosis after CEA or CAS."®3%37

Study Limitations

Our results should be interpreted in the
context of several limitations. First, our
meta-analysis was limited by the observa-
tional design used for most of the
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included studies. Second, not all studies
reported the multivariate HRs; therefore,
univariate  HRs were used for these
studies. Third, the follow-up intervals
were not standardized among the included
studies. Fourth, individual centers or sur-
geons could have caused heterogeneity in
our results, for which we could not ac-
count. Finally, restenosis was defined by
multiple definitions, and a critical
threshold for restenosis has not been
established.

CONCLUSIONS

The results of the present meta-analysis
have shown that diabetes, dyslipidemia,
female gender, CKD stage 4 and s, hy-
pertension, and smoking are associated
with an increased risk of restenosis and
that patch endarterectomy and symptom-
atic status at presentation can lead to a
lower risk of restenosis after carotid
revascularization. Further studies are
needed to validate our results.
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Supplemental Table 1. Risk of Bias Assessment for Randomized Studies (Cochrane Tool)

Random Sequence Allocation Blinding of Blinding of Outcome Incomplete Selective

Investigator Generation Concealment Participants Assessment Outcome Data Reporting
CEA

De Letter et al.”* 1993 Yes Yes Yes Yes No No

Cao et al.”” 2000 Yes No Yes Yes No No

Mannheim et al.”® 2005 Yes No Yes Yes No No

Lal et al.,'® 2012* Yes Yes Yes Yes No Yes

Malas et al.," 2015 Yes No Yes Yes No No
CAS

Bonati et al.*® 2009 Yes Yes Yes Yes Yes Yes

Lal et al.,'® 2012* Yes Yes Yes Yes No Yes
CEA, carotid endarterect‘omy; CAS, carotid artery stenting.
*The study by Lal et al.” was included in both the CEA and the CAS subgroups.

Supplemental Table 2. Risk of Bias Assessment for Observational Studies (Robins-I Tool)

Measurement of Deviations From Missing Measurement Selection of

Investigator Confounding  Selection Interventions  Intended Interventions Data of Data Reported Result
CEA

Reina-Gutiérrez et al.”' 2005 Moderate Low Low Low Low Low Low

Goodney et al..”’ 2010 Moderate Low Low Low Low Low Low

Fluri et al.*” 2010 Moderate Low Low Low Moderate Low Low

Avgerinos et al.,*® 2016 Moderate Low Low Low Low Low Low
CAS

de Donato et al.** 2008 Moderate Low Low Low Low Low Low

Verzini et al.*’ 2016 Moderate Low Low Low Moderate Low Low

Yamagami et al.,”® 2012 Moderate Low Low Low Low Low Low

Misaki et al.* 2016 Moderate Low Low Low Low Low Moderate

Zapata-Arriaza et al.,” 2016 Moderate Low Low Low Low Low Low

Hung et al.* 2016 Moderate Low Low Low Low Low Moderate

Dai et al.,”® 2018 (2004—2016) Moderate Low Low Low Low Low Low

Dai et al.”’ 2019 (2005—2016) ~ Moderate Low Low Low Low Low Low
CEA, carotid endarterectomy; CAS, carotid artery stenting.
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