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Introduction

Carotid artery stenting (CAS) has a well-defined role in the 
treatment of carotid bifurcation stenosis as an alternative to 
the gold standard, carotid endarterectomy (CEA). Several 
randomized controlled trials (RCTs) confirmed the superi-
ority of CEA over CAS in patients with symptomatic carotid 
stenosis,1,2 due to a higher rate of perioperative cerebral 
ischemic complications in CAS especially in the early 
period after the onset of symptoms.3 On the contrary, 
asymptomatic carotid stenosis can be treated by either 

option with comparable results,4,5 validating the role of 
CAS as an alternative to CEA.
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Abstract
Background: Carotid artery stenting (CAS) in the treatment of significant stenosis is a cause of stroke due to both plaque 
prolapse and cerebral embolization. New types of stents with a double-layer structure have been designed to minimize 
plaque prolapse and embolization; these double-layer stents (DLSs) should be able to reduce the stroke risk; however, 
definite data on their performance are scarce in the literature.
Methods: A systematic search was performed through PubMed, Scopus, and Cochrane Library, according to PRISMA 
guidelines; all studies on CAS with DLS (Roadsaver/Casper or CGuard) up to January 1, 2022, with a cohort of at least 
20 patients were considered eligible. The present meta-analysis was approved and registered on PROSPERO register 
(CRD42022297512). Patients with tandem lesions or complete carotid occlusion were excluded from the study. The 30-
day stroke rate after CAS was analyzed evaluating the preoperative symptomatic status and DLS occlusion. The estimated 
pooled rate of events was calculated by random effect model and moderators were evaluated.
Results: A total of 14 studies were included in the meta-analysis for a total of 1955 patients. The estimated overall (95% 
confidence interval [CI]) stroke rate was 1.4% (0.9%–2.2%, I2 = 0%), which was not influenced by the type of DLS used: 
CGuard 0.8% (0.4%–1.8%, I2 = 0%) versus Roadsaver/Casper 1.5% (0.7%–3.2%, I2 = 0%), p=0.30. The 30-day estimated 
stroke rate was 1.5% (0.8%–2.9%, I2 = 0%) in asymptomatic and 1.9% (1.0%–3.6%, I2 = 0%) in symptomatic patients, 
with no influence by moderators. The 30-day DLS occlusion rate was 0.8% (0.4%–1.8%, I2 = 0%). The publication bias 
assessment identified asymmetry in the asymptomatic populations.
Conclusion: The overall 30-day stroke rate in CAS with DLS is low (1.4%), with similar results in symptomatic and 
asymptomatic patients. Acute occlusion of DLS is rare (0.8%). Further studies are necessary to reduce the publication bias 
for asymptomatic patients.

Clinical Impact 
CAS with DLS is associated to a low rate of 30-day stroke in both symptomatic (1.9%) and asymptomatic (1.5%) 
patients. The type of DLS (CGuard or Roadsaver/Casper) did not affect the 30-day stroke rate.
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All the CAS procedures in RCTs were conducted with 
different types of carotid stents, but recently new types of 
carotid stents have become available. These new devices 
are characterized by a double-layer stent (DLS), thought to 
minimize the embolic potential from the plaque,6 and are 
represented by two products, Roadsaver/Casper (Terumo 
Corp., Tokyo, Japan) and CGuard (InspireMD Inc., Boston, 
Maryland, USA), both of which showed encouraging pre-
liminary results. However, the results reported in the litera-
ture are based on composite populations, including both 
symptomatic and asymptomatic patients, having no neat 
comparison in previous meta-analyses.7 Moreover, some 
authors have hypothesized an increased risk of acute stent 
thrombosis in DLS.8

The aim of this study was to perform a meta-analysis of 
studies regarding CAS with DLS (1) to evaluate the stroke 
rate in symptomatic and asymptomatic patients and (2) to 
assess the rate of acute carotid occlusion.

Materials and Methods

The systematic review and meta-analysis were performed 
according to the Cochrane Collaboration recommendations.9 
A rigorous protocol was established before the analyses, 
concerning all the objectives, inclusion and exclusion crite-
ria, primary and secondary outcomes, and synthesis meth-
ods. We reported the results according to the Meta-analysis 
of Observational Studies in Epidemiology (MOOSE)10 and 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA)11 recommendations.

Literature Source and Search Strategy

Electronic databases, including PubMed, Embase, and 
Cochrane Database, were searched up to January 1, 2022 for 
potentially eligible studies published in English. The refer-
ence lists of the gathered reports were manually searched for 
relevant articles. The following medical subject headings 
terms or keywords were used: ((( artery stent*[Title/Abstract]) 
OR (carotid artery stenting [Title/Abstract])) OR (carotid 
artery[Title/Abstract])) AND ((stent*[Title/Abstract]) OR 
(stenting[Title/Abstract]))) AND ((((((double layer[Title/
Abstract]) OR (double mesh[Title/Abstract])) OR (dual 
mesh[Title/Abstract])) OR (dual layer[Title/Abstract])) OR 
(layer[Title/Abstract])) OR (mesh[Title/Abstract])).

The study project was approved and registered in the 
international prospective register of systematic reviews 
(PROSPERO 2022 CRD42022297512, Available at: https://
w w w. c r d . y o r k . a c . u k / p r o s p e r o / d i s p l a y _ r e c o r d .
php?ID=CRD42022297512).

Selection Criteria

Two investigators (R.P. and F.C.) independently performed a 
literature search. The two investigators independently 

reviewed the titles and abstracts of all citations to identify 
potentially relevant studies and to exclude duplicates. The 
investigators reviewed the full text of the corresponding 
publications to assess if the studies met the inclusion criteria. 
The references from the articles obtained were also ana-
lyzed. The literature search focused solely on articles pub-
lished in peer-reviewed journals, to enhance the 
methodological rigor of studies examined. The studies were 
included if they were cohort studies or case series of at least 
20 patients reporting stroke rate after DLS offered for symp-
tomatic or asymptomatic carotid artery stenosis. Only trans-
femoral CAS procedures were considered: data in the same 
series of tandem lesions of the proximal common carotid 
artery or the intracranial arteries (e.g. thrombus removal) 
were excluded and not considered for the meta-analysis.

Studies including treatment for complete carotid occlu-
sion were not included. Studies were excluded from quanti-
tative pooled analysis if (1) they included only tandem 
lesions; (2) they overlapped with other papers by the same 
institution (in such cases, the paper chosen for the meta-
analysis was the most recent one, or the one with more use-
ful details); (3) dual antiplatelet therapy was not administrated 
after carotid stenting (no specific analysis about the type of 
antiplatelet was performed). If the data allowed to exclude 
the cases with tandem lesions or acute occlusion, the paper 
was considered for the meta-analysis; otherwise, the study 
was omitted from meta-analysis. The final inclusion of the 
studies was based on agreement between the reviewers. Any 
disagreement was resolved by discussion and consultation 
with the other coauthors (G.F. and K.I.P.). The types of stents 
considered in the present meta-analysis were:

•• Roadsaver/Casper (Terumo Corp., Tokyo, Japan): 
This is the same device with two different names. 
The dual-layer, carotid artery self-expandable stent 
is an all-nitinol device. The inner layer has pores 
measuring 375 μm in diameter. It has a rapid 
exchange delivery system compatible with a 5.2 Fr 
catheter with a 0.014-inch guidewire. The inner layer 
acts as a covered stent but the micromesh is inside 
the stent.

•• The CGuard (InspireMD Inc., Boston, Maryland, 
USA) is a carotid stent with a self-expandable rapid 
exchange delivery system compatible with a 6 Fr 
catheter. The nitinol structure is covered externally 
with a patented closed cell MicroNet mesh, made of 
single-knitted polyethylene terephthalate fibers of  
20 μm in thickness, designed for improved embolic 
prevention. With the stent fully expanded, the mesh 
porosity is 150–180 μm.

Outcome Measure and Moderators

The primary outcome was a quantitative estimated pooled 
analysis of 30-day stroke rates after CAS. The meta-analysis 

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022297512
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022297512
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022297512
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was also aimed to evaluate the rate of stent occlusion. The 
type of DLS was evaluated by dividing studies using 
Roadsaver/Casper stent or CGuard, the two different DLSs 
available in the market at this time (subgroup meta-analy-
sis). Other moderators considered were patients’ mean age, 
percentage of males, year of publication, and routine usage 
of cerebral protection devices. Characteristics of the 
included studies (period, state, and city of development, 
design, and enrollment) were also extracted.

Quality Assessment

We assessed interstudy quality by evaluating the inclusion 
criteria in the studies and the method used to define stroke. 
The Newcastle–Ottawa Scale (NOS)12 was applied to eval-
uate the methodology quality of the included studies. The 
threshold of six stars or greater was considered as indicative 
for high-quality studies; studies with NOS <6 were consid-
ered for specific sensitivity analysis. Also the Risk Of Bias 
In Non-randomized Studies of Interventions (ROBINS-I) 
(https://training.cochrane.org/handbook/current/chap-
ter-25) tool was used: the assessment of risk of bias in a 
non-randomized study was addressed in pre-intervention, 
at-intervention, and post-intervention features of the study. 
Based on answers to the signaling questions, judgments for 
each bias domain, and for overall risk of bias, can be “Low,” 
“Moderate,” “Serious,” or “Critical” risk of bias. Studies 
with “serious,” “critical” and with no information were con-
sidered for a specific sensitivity analysis.

Data Synthesis and Heterogeneity 
Assessment

The statistical analysis was performed using ProMeta 2.0 
software (Internovi, Italy, https://www.meta-analisi.it/pro-
meta-software/). Values of proportion outcomes were 
expressed as proportions and 95% confidence intervals 
(CIs). The pooled effect estimates were calculated as the 
back transformation of the weighted mean of the trans-
formed proportions, using DerSimonian–Laird weights of 
random effects model and expressed as percentage propor-
tions. Because of the heterogeneity of the observational 
studies, we assessed a priori the random effects model. To 
test for the overall effect, a Z-test was used, and statistical 
significance level was set to p<0.05. The data were graphed 
as a forest plot. Heterogeneity among the studies was esti-
mated by the I2 test representing the percent value of hetero-
geneity. An I2 value <30% was considered as low 
heterogeneity, between 30% and 49% as moderate, between 
50% and 80% as substantial, and >80% as considerable 
heterogeneity.13

Meta-regression was performed to assess whether the 
outcome varied as a function of selected moderators inde-
pendently from the level of heterogeneity. A subgroup 

meta-analysis was performed according to the categorical 
variables, the analysis of variance (ANOVA) Q-Test 
Random Effect with pooled estimate of T2 (https://www.
meta-analysis.com/downloads/Meta-analysis%20
Subgroups%20analysis.pdf) was performed to compare the 
estimated pooled rate of stroke for categorical moderators 
in subgroup meta-analysis.

Sensitivity analysis and cumulative analysis were per-
formed to test the stability of studies and in cases of outlier 
studies, identified by the evaluation of studies with NOS 
<6 and with “Serious” or “Critical” or “No information” 
risk of bias with ROBINS-I tool.

Study Bias Evaluation

The interstudy bias evaluation (performed by R.P.) focused 
on the type of evaluation of the outcomes and the NOS and 
ROBINS-I values of the studies included. The between-stud-
ies bias evaluation was performed by the funnel plot visual 
evaluation. Publication bias was formally assessed using the 
Egger regression intercept and with the trim-and-fill method. 
In this method, the tail of the side of the funnel plot with the 
smaller studies is chopped off to make the funnel plot sym-
metrical, and it is then replicated and added back to both 
sides so the plot becomes symmetrical; the center and vari-
ability of the filled funnel plot are then estimated.14,15

Results

Study Selection, Characteristics, and Quality 
Assessment

Figure 1 reports the literature search and the process of 
papers selection for this study. After the screening process 
and duplicate studies removal, a total of 14 papers16–29 were 
included in the analysis. Tables 1 and 2 report the character-
istics of the studies included. The median NOS value was 7 
(ranging from 6 to 8); no study had an NOS value <6 or 
“Serious” or “Critical” risk of bias at ROBINS-I tool evalu-
ation. High level of agreement (>90%) was present between 
the investigators (R.P. and F.C.) in the phases of study selec-
tion and data extraction.

Stroke rate.  For the primary outcome of stroke, all 14 stud-
ies were considered, for a total of 1955 patients. The pooled 
rate of stroke was 1.4% (95% CI = [0.9%–2.2%]; I2 = 0%; 
Figure 2). The analysis of moderators did not identify any 
factor associated with stroke (including the type of stent 
used, Figure 3) except for mean age (Table 3). The between-
study bias evaluation was performed by the funnel plot 
analysis and showed a good level of symmetry, with a p=0.1 
at the Egger test. The trim-and-fill method did not identify 
any asymmetrical study and confirmed the pooled event 
rate. The sensitivity analysis confirmed the outcome.

https://training.cochrane.org/handbook/current/chapter-25
https://training.cochrane.org/handbook/current/chapter-25
https://www.meta-analisi.it/prometa-software/
https://www.meta-analisi.it/prometa-software/
https://www.meta-analysis.com/downloads/Meta-analysis%20Subgroups%20analysis.pdf
https://www.meta-analysis.com/downloads/Meta-analysis%20Subgroups%20analysis.pdf
https://www.meta-analysis.com/downloads/Meta-analysis%20Subgroups%20analysis.pdf
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Stroke in asymptomatic patients.  A separate meta-analysis 
was performed for only asymptomatic patients including 12 
studies for a total of 1358 patients. The pooled rate of stroke 
was 1.5% (95% CI = [0.8%–2.9%]; I2 = 17%). The analy-
sis of moderators did not identify any factor associated with 
stroke (Table 3).

The between-study bias evaluation was performed by 
the funnel plot analysis and showed a low level of symme-
try, with a p=0.01 at the Egger test. The trim-and-fill method 

did not identify any asymmetrical study and confirmed the 
pooled event rate.

Stroke in symptomatic patients.  A separate meta-analysis 
was performed for only symptomatic patients including 11 
studies for a total of 525 patients. The pooled rate of stroke 
was 1.9% (95% CI = [1.0%–3.6%]; I2 = 0%). The analysis 
of moderators did not identify any factor associated with 
stroke (Table 3). The between-study bias evaluation was 

Figure 1.  Flow-chart of selected studies.
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performed by the funnel plot analysis and showed a good 
level of symmetry, with a p=0.45 at the Egger test. The sen-
sitivity analysis confirmed the outcome.

DLS occlusion.  Data on stent occlusion were reported in 10 
studies (930 patients) and the pooled rate was 0.8% (95% 
CI = [0.4%–1.8%]; I2 = 0%), Figure 4. The analysis of 
moderators did not identify any factor associated with 
stroke (Table 3). The between-study bias evaluation was 
performed by the funnel plot analysis and showed a good 
level of symmetry, with a p=0.46 at the Egger test. The 
trim-and-fill method did not identify any asymmetrical 

study and confirmed the pooled event rate (Figure 5). The 
sensitivity analysis confirmed the outcome.

Discussion

The present meta-analysis reports the 30-day stroke rate of 
14 studies on CAS with DLS. These new devices are pro-
posed to reduce the risk of plaque prolapse and, conse-
quently, the stroke rate associated with CAS. However, no 
large prospective studies comparing classical stents and 
DLS have been performed to date. In a RCT including 61 
patients, Capoccia et al17 found similar cerebral lesions at 

Table 1.  General Characteristics of the Studies Included in the Meta-Analysis.

Study Period Study setting Design
Number of 

patients

Bosiers et al16 2015–1016 Multicentre, Belgium, Italy and Germany Prospective 100
Capoccia et al17 2015–1016 Single center, Rome, Italy Randomized controlled trial 29
Casana et al18 After 2015 Single center, Milan, Italy Prospective 82
de Vries et al19 2015–2018 Single centre, Utrecht, The Netherlands. Retrospective 27
Kahlberg et al20 2015–2018 Single center, Milan, Italy Retrospective 115
Machnik et al21 2014–2019 Single centre, Krakow, Poland Retrospective 298
Montorsi et al22 2016–2018 Single center, Milan, Italy Randomized controlled trial 54
Mutzenbach et al23 2014–2017 Single centre, Salzburg, Austria Retrospective 138
Nerla et al24 2014–2015 Multicentre, Italy Prospective 150
Ruffino et al25 2016–2017 Single center, Turin, Italy Prospective 50
Sirignano et al26 2017–2019 Multicenter, Italy Prospective 733
Tigkiropoulos et al27 2018–2020 Single center, Thessaloniki, Greece Prospective 103
Wissgott et al28 — Single center, Luebeck, and Hamburg, Heide, Germany Prospective 30
Yamada et al29 2013–2016 Single centre, Nishinomiya, Japan Retrospective 46

Table 2.  Results of Studies Included in the Meta-Analysis.

Study n
Stroke 

(%)
Occlusion 

(%)
% stroke in 

asymptomatic
% stroke in 

symptomatic
Mean 
age % male

Type of  
stent

Cerebral 
protection

Bosiers et al16 100 1.0 0.5 0.7 3.2 73 70 Roadsaver/Casper Yes
Capoccia et al17 29 3.4 1.7 0.3 70 69 CGuard Yes
Casana et al18 82 1.2 1.2 1.5 2.9 72 71 CGuard  
de Vries et al19 27 1.8 1.8 Mixed  
Kahlberg et al20 115 0.9 0.8 1.4 73 72 Roadsaver/Casper Yes
Machnik et al21 298 3.0 0.7 3.8 1.1 71 71 Roadsaver/Casper Yes
Montorsi et al22 54 0.9 1.1 5.0 71 80 Roadsaver/Casper Yes
Mutzenbach et al23 138 0.4 0.4 0.8 0.6 71 75 Roadsaver/Casper Yes
Nerla et al24 150 0.3 0.3 0.5 1.1 74 75 Roadsaver/Casper Yes
Ruffino et al25 50 1.0 1.0 2.3 1.7 74 67 Mixed Yes
Sirignano et al26 733 0.5 0.2 2.3 70 CGuard Yes
Tigkiropoulos et al27 103 0.5 0.8 1.2 70 87 CGuard No
Wissgott et al28 30 1.6 1.6 72 87 Mixed Yes
Yamada et al29 46 1.1 1.1 2.1 2.1 72 89 Mixed  

With the term “mixed,” we mean a series with both Roadsaver/Casper and CGuard stents without separate data for each double-layer stent. 
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diffusion-weight magnetic resonance after CAS with 
CGuard or carotid Wallstent (Boston Scientific, 
Marlborough, MA, USA). On the contrary, Montorsi et al22 
randomized 104 patients in four groups according to the 
type of carotid stent and the type of cerebral protection 
device; the authors analyzed the micro-embolic signals on 
transcranial Doppler and identified a lower rate of micro-
embolic signals with the use of Roadsaver and proximal 
occlusion devices for cerebral protection.

With this study, we aimed to evaluate the stroke rate of 
DLS, analyzing patients and stratifying them according to 

their symptomatic status. The systematic review identified 
14 eligible studies, excluding series with less than 20 cases 
and studies with concomitant intracranial procedures for 
tandem lesions where possible overlapping data may have 
occurred (in particular, the PARADIGM30 and CARENET31 
trials), for a total of 1955 patients. The overall 30-day stroke 
rate is 1.4%, with a low level of heterogeneity of the studies 
(I2 = 0). The low rate of stroke is certainly driven by the 
asymptomatic patients; the stroke rate in the meta-analysis 
extrapolating only the asymptomatic patients is 1.5%. The 
present results are not influenced by moderators and the two 

Figure 2.  Forest plot of the pooled estimate rate of 30-day stroke after double-layer carotid stent. Heterogeneity analysis: Q=12.9; 
df=13; Sig.=0.45; I2 = 0%. CI, confidence interval; ES, effect size; W, weight; N, number.

Figure 3.  Forest-plot of the pooled estimate rate of 30-day stroke after double-layer carotid stent with Roadsaver/Casper and 
CGuard. ANOVA Q-Test Random Effect with pooled estimate of T2: P = .30. CI, confidence interval; ES, effect size; W, weight; N, 
number.
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types of DLS have a similar outcome (0.9% CGuard and 
2.2% Roadsaver/Casper, p=0.28). Similarly, the use of cere-
bral protection devices, evaluated as a moderator did not 
affect the outcome. However, only one study did not use 
routinely the cerebral protection devices without strokes in 
its series.27

The data from the present meta-analysis are remarkable 
since the last available RCTs on asymptomatic patients 
reported a higher stroke rate, 3.6% in ACST-25 and 2.8% in 
ACT trial.4 Certainly, the RCTs with a strict follow-up are 
more accurate in the detection of 30-day stroke compared 
with retrospective studies; in fact, by evaluating the out-
come reported by some registries, the differences between 
DLS and old stents seem reduced. The United Kingdom 
Carotid Artery Stent Registry32 reported a 30-day stroke 

rate of 2.2% in 201 asymptomatic patients and the Society 
for Vascular Surgery (SVS) vascular registry33 a rate of 
2.1% in 805 patients.

The good outcome in the asymptomatic patients of CAS 
in the real-world studies can be due to a lower vulnerability 
of the carotid plaque in these patients; furthermore, a quote 
of events are probably determined mainly by the aortic nav-
igation and carotid catheterization that are a source of cere-
bral embolization independently from the carotid stent 
used.17

In our meta-analysis, we have also evaluated symptom-
atic patients, who had a 30-day stroke rate as low as 1.9% in 
525 patients. Previous trials reported a much higher rate of 
stroke: The Carotid Revascularization Endarterectomy ver-
sus Stenting Trial (CREST)1 reported a 30-day stroke rate 

Figure 4.  Forest plot of the pooled estimate rate of 30-day stent occlusion after double-layer carotid stent. Heterogeneity analysis: 
Q = 1.84; df = 9; Sig. = 0.99; I2 = 0%. CI, confidence interval; ES, effect size; W, weight; N, number.

Table 3.  Estimated Pooled Proportions of the Different Meta-Analysis and Moderators Analysis Performed for Outcome 
Measurement.

Estimate (95% 
CI) Publication year Mean age % male

CGuard vs 
Roadsaver/

Casper

Cerebral 
protection, yes 

vs no Egger’s test

Overall stroke 1.4 (0.9–2.2) Y = −204 + 0.1x
p=0.56

Y = 25 − 0.4x
p=0.03

Y = −1.6 − 0.04x
p=0.44

0.8 (0.4−1.8) vs 
1.5 (0.7−3.2)

p=0.30

1.2 (0.7−2.3) vs 
1.0 (0.1−7.0)

p=0.87

p=0.10

Stroke in 
asymptomatic

1.5 (0.8–2.9) Y = −157 + 0.1x
p=0.71

Y = 23 − 0.4x
p=0.08

Y = −2.4 − 0.1x
p=0.66

0.9 (0.2−3.5) vs 
2.1 (1.0−4.5)

p=0.28

1.3 (0.5−3.1) vs 
0.8 (0.05−1.1)

p=0.73

p=0.01

Stroke in 
symptomatic

1.9 (1.0–3.6) Y = 163 − 0.1x
p=0.37

Y = −9 + 0.1x
p=0.65

Y = −3 − 0.1x 
p=0.68

2.2 (0.8−5.7) vs 
1.7 (0.6−4.4)

p=0.70

1.9 (0.9−3.8) vs 
1.7 (0.2−1.1)

p=0.90

p=0.45

Occlusion 0.8 (0.4–1.8) Y = −92 + 0.1x
p=0.73

Y = 6 − 0.1x
p=0.36

Y = −4 + x
p=0.87

1.4 (0.3−6.8) vs 
0.5 (0.2−1.5)

p=0.35

0.7 (0.3−1.7) vs 
2.3 (0.1−28)

p=0.43

p=0.46

Abbreviations: CI, confidence interval; NOS, Newcastle–Ottawa scale.
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of 4.1% (even though one-third of the patients were asymp-
tomatic); and in the International Carotid Stenting Study 
(ICSS),2 the per-protocol 30-day stroke rate was 7.0%. The 
reduction of cerebral events seems to be lower with DLS 
even when compared with national registries: the United 
Kingdom Carotid Artery Stent Registry reported a 30-day 
stroke rate of 5.5% in 953 symptomatic patients and the 
SVS vascular registry a rate of 5.3% in 645 patients.32,33 
The low rate of stroke in symptomatic patients treated with 
DLS can be justified by the design of the stents and the low 
risk of plaque prolapse or micro-embolization after stent 
apposition.

Nevertheless, different outcomes of DLS in symptom-
atic patients are reported in the literature. In particular, the 
DLSs were commonly used by neuroradiologists in the 
treatment of tandem lesions of carotid stenosis and intracra-
nial arteries occlusions. In many instances with concomi-
tant intracranial vascular procedures (not included in the 
present meta-analysis), the rate of perioperative stroke 
seems to be increased: Foo et al34 reported a 5.3% stroke 
rate and a 6.4% DLS acute thrombosis rate in 94 patients 
submitted to CAS for acute stroke; the extensive involve-
ment of cerebral vessels in these patients justify the higher 

rate of stroke compared with other studies with no tandem 
lesions treatment.

De Vries et al19 reported a different experience with DLS 
in the emergent stroke treatment. The authors described the 
treatment of acute stroke also including carotid occlusions 
and concomitant intracranial procedures (27 patients 
excluded from the meta-analysis), in which they reported 
five cases of DLS occlusions (19%) with three (11%) cases 
of neurological deterioration.

Some authors considered the acute DLS occlusion as a 
specific complication of the design of these stents. In the 
present meta-analysis, this particular aspect was separately 
evaluated. The rate of DLS occlusion reported in the present 
meta-analysis is 0.8% over a total of 930 patients. These 
results are strikingly different from the data of Runck et al8 
and Yilmaz et al35 who reported a 24% and a 45% DLS 
thrombosis rate in the treatment of acute strokes, respec-
tively (including tandem lesions). The DLS thrombosis rate 
in the present meta-analysis (0.8%) seems to be similar to 
the results reported by Moulakakis et al.36 They described a 
series of 674 CAS with standard stents, having four cases 
(0.6%) of acute thrombosis, possibly secondary to carotid 
dissections and overlapping of a second stent.37

Figure 5.  Funnel plot for overall stroke (A), stroke in asymptomatic patients (B), stroke in symptomatic patients (C), and occlusion 
(D) at 30-day after dual-layer carotid stent.
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Current guidelines do not mention DLS, suggesting CAS 
only in selected cases when CEA is considered at high risk 
(hostile neck or high surgical risk). The recommendations 
come from the evidence of higher risk of stroke in CAS 
compared with CEA for both symptomatic and asymptom-
atic patients. Therefore, the results from the present meta-
analysis should be taken into account from future guidelines 
considering the extremely low rate of stroke after carotid 
stenting with DLS.38,39

The TCAR is a new technology that was considered in 
the updated 2022 SVS guidelines.40

The SVS guidelines underlined the absence of a large 
RCT but analyzed the vascular quality initiative registry. 
More specifically, the paper by Schermerhorn et al reported 
the results on 3200 patients, with a lower rate of in-hospital 
stroke/death after TCAR compared with transfemoral CAS 
(1.6% vs 3.1%, p=0.001); the study by Malas et al showed 
similar outcomes comparing TCAR with CEA for symp-
tomatic patients (2.2% vs 2.6%; p=0.46).41,42

The DLS can be used both in transfemoral CAS and in 
TCAR and it is plausible that DLS can further reduce the 
stroke rate of TCAR.

Another possible thrombotic complication associated 
with DLS use is the thrombosis of the external carotid 
artery. In the IRONGUARD 2 study (only CGuard DLS), 
Sirignano et al26 reported a 1.1% rate of external carotid 
artery thrombosis without any associated neurological 
event; due to the low rate of occurrence and the absence of 
neurological complications, the latter seems to be a benign 
complication.

The present meta-analysis has some limitations, namely 
the retrospective nature of most studies and the absence of 
a standardized neurological evaluation, leading to a possi-
ble underestimation of stroke rates. Moreover, in the meta-
analysis of asymptomatic patients, the Egger’s test and the 
asymmetry in the funnel plot suggest possible publication 
bias; thus, further studies are necessary to confirm the pres-
ent results. The experience and the volume of the centers 
have a determinant role in the CAS outcome, with a reduc-
tion of neurologic events in high experience centers; how-
ever, it was not possible to investigate this moderator in the 
present meta-analysis.43 The cerebral micro-embolization 
detected by diffusion weight magnetic resonance imaging 
can be considered a surrogate of a cerebral event; it can be 
investigated further to broadly evaluate the effect on the 
reduction of embolization risk; however, the aim of the 
present meta-analysis was to evaluate only the clinical 
effect of DLS; for this reason, this specific aspect was not 
investigated.

Conclusion

The present meta-analysis of DLS for CAS suggests that the 
stroke rates with these new devices are low in both 

symptomatic and asymptomatic patients. The rate of acute 
thrombosis is also low; however, further studies are neces-
sary to confirm the findings of these retrospective series 
with prospective data.
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