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Objective : To compare peri-operative any symptomatic stroke after carotid angioplasty and stenting (CAS), based on the
application or absence of a cerebral protection device.

Methods : A systematic literature review using PubMed, Embase, and the Cochrane Central was done across an online data base
from January 1995 to October 2016. Procedures which were performed due to carotid dissection or aneurysm, procedures using
covered stents or conducted in an emergency, were excluded. The primary endpoint was perioperative any symptomatic stroke
within 30 days after the procedure. A fixed effect model was used in cases of heterogeneity less than 50%.

Results : In the 25 articles included in this study, the number of stroke events was 326 (2.0%) in protected CAS and 142 (3.4%)
in unprotected CAS. The use of cerebral protection device significantly decreased stroke after CAS (odds ratio [OR] 0.633, 95%
confidence interval [Cl] 0.479-0.837, p=0.001). In the publication bias analysis, Egger’s regression test disclosed that the intercept
was -0.317 (95% Cl -1.015-0.382, p=0.358). Regarding symptomatic patients (four studies, 539 CAS procedures), the number of
stroke was six (1.7%) in protected CAS and 11 (5.7%) in unprotected CAS. The protective effect against stroke events by cerebral
protection device did not have a statistical significance (OR 0.455, 95% CI 0.151-1.366, p=0.160).

Conclusion : The use of protection device significantly decreased stroke after CAS. However, its efficacy was not demonstrated in
symptomatic patients. Routine use of protection device during CAS should be critically assessed before mandatory use.
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INTRODUCTION of possible thromboembolic events during the placement of
protection device in patients with tortuous carotid artery,

Distal cerebral protection devices have been widely used near-occlusion of carotid artery, or thrombus in stenotic
during carotid angioplasty and stenting (CAS), to reduce area™. In some patients, stroke after CAS occurs despite the
thromboembolic complications. However, there are concerns use of protection device. Although previous studies, including
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systematic reviews'™*”, showed the efficacy of protected device
in reducing perioperative complications after CAS, some
studies have doubted the real effectiveness of protection de-
2,30,36

vice™"*. Two studies recently reported and exhibited dis-

agreement regarding the efficacy of protection device'™".
Meta-analysis of treatment outcome between CAS and ca-
rotid endarterectomy (CEA) has been updated to assess the
treatment efficacies™. However, a systematic review and me-
ta-analysis of treatment outcome between protected and un-
protected CAS has not been reported since 2009, although a
number of studies have been continuously published. Here,
we conducted a meta-analysis to evaluate perioperative stroke
after CAS, based on whether or not a cerebral protection de-

vice was used.

MATERIALS AND METHODS

Search strategy

Core search between January 1990 and October 2016
through PubMed, Embase, and the Cochrane Central was
done, using the key words “carotid stenosis”, “stents”, “bal-
loon”, “carotid angioplasty”, “percutaneous transluminal an-
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gioplasty”, “stroke”, “myocardial infarction”, “death”, “peri-
operative complications”, and “mortality™**”.

Our criteria for inclusion in this study were : 1) symptomat-
ic and/ or asymptomatic stenosis in the internal carotid artery
or carotid bifurcation, 2) CAS procedures with or without ce-
rebral protection through common femoral artery over 207,
and 3) the number of peri-procedural complications such as
stroke, death or myocardial infarction within 30 days was re-
ported separately through a comparative study between pro-
tected and unprotected CAS. Stroke was defined as any sud-
den neurologic deficits due to cerebral infarction™ including
bilateral involvement. Asymptomatic signal change on brain
MRI was not included for this meta-analysis. In case of over-
lap, the most recently published article was selected for analy-
sis. Assessing risk of bias in included studies was performed
using Cochrane risk of bias for randomized controlled studies
(Supplementary Fig. 1) and Newcastle-Ottawa scale for non-
randomized studies. The exclusion criteria included : 1) in-
complete data or unclear distinction between protected and
unprotected CAS, 2) review articles or case reports, 3) proce-

dures due to dissection, carotid aneurysm, urgently conducted
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procedure or the use of covered stents, and 4) other procedur-

al approach, other than common femoral artery'***"

Data extraction

An extensive electronic search was performed by an experi-
enced researcher. Then articles were reviewed and selected on
specific criteria by two investigator (J.P.J. and Y.S.K.) followed
by discussion. Disagreements between the two authors were
resolved by discussion and consultation with a third author.
The primary endpoint was perioperative any symptomatic
stroke within 30 days after the procedure™”. Subgroup analy-
ses were performed only for symptomatic carotid stenosis.
This meta-analysis was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.

Statistical analysis

Dichotomous variables are presented as odds ratio (OR)
with a 95% confidence interval (CI). Heterogeneity was evalu-
ated by using the I’ test. If I* was less than 50%, a fixed effect
model was used””. Publication bias was determined using
Begg’s funnel plot and Egger’s test of the intercept™"*”. Com-
prehensive meta-analysis (CMA) software (CMA v2.2.064,
Biostat, Englewood, NJ, USA) was used for all the above, with
statistical significance indicated at p<0.05.

RESULTS

Identification of relevant studies

Fig. 1 displays a flow diagram of the detailed search process.
After screening the records and deciding eligibility, 25 articles
were included (Table 1). At the subgroup analysis, four studies

included the data of symptomatic carotid stenosis.

Comparison of the perioperative stroke between
protected and unprotected CAS

A total of 20670 CAS procedures from 25 studies were in-
cluded in this analysis (Fig. 2A). Among them, 16440 proce-
dures were done with cerebral protection device and 4230
were done without protection device. The number of stroke
was 326 (2.0%) in protected CAS and 142 (3.4%) in unprotect-
ed CAS. The use of cerebral protection device significantly
decreased stroke after CAS (OR 0.633, 95% CI 0.479-0.837,
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Fig. 1. Flow diagram for identification of relevant studies.

p=0.001). In the publication bias analysis for comparison be-
tween protected and unprotected CAS, Egger’s regression test
disclosed that the intercept was -0.317 (95% CI -1.015-0.382,
Pp=0.358). Accordingly, there was no evidence of publication

bias in this comparison (Fig. 2B).

Comparison of the perioperative stroke in symp-
tomatic carotid stenosis

A total of 539 CAS procedures from four studies were in-
cluded in this analysis (Fig. 3A). Of theses, 345 procedures
were done with cerebral protection device and 194 were done
without protection device. The number of stroke was six
(1.7%) in protected CAS and 11 (5.7%) in unprotected CAS.
The use of cerebral protection device did not decrease the
events of stroke after CAS (OR 0.455, 95% CI 0.151-1.366,
Pp=0.160). In the publication bias analysis for comparison be-
tween protected and unprotected CAS, Egger’s regression test
disclosed that the intercept was 1.6592 (95% CI -13.600—
16.918, p=0.686). Accordingly, there was no evidence of publi-

cation bias in this comparison (Fig. 3B).
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DISCUSSION

Although many reports are available, the efficacy of protec-
tion device in preventing thromboembolic complications dur-
ing CAS remains inconclusive. Our study showed that using
cerebral protection device significantly lowered the stroke.
However, its efficacy was not demonstrated in symptomatic
lesions.

During the delivery of protection device, thromboembolic
complications can occur while passing over the severe stenotic
lesions or vulnerable plaque. In addition, protection device
sometimes cannot be deployed at the destination site due to
the stiffness in the tortuous or kinked carotid artery™. Subse-
quently, the efficacy of protection device should be assessed
by an updated knowledge, although protection devices are
widely accepted for the procedure.

Garg et al.” compared total stroke events within 30 days af-
ter the procedures between protected and unprotected CAS.
They concluded that protected CAS showed a relative risk re-
duction of 0.59 (95% CI 0.47-0.73) than unprotected CAS, in
24 studies. Through a systemic review, Touzé et al.*” reported
a 4.7% (95% CI 4.1-5.2) reduction within the 30-day risk of
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stroke or death rate after CAS. In their study"’, the protection
device lowered the periprocedural complications with risk re-
duction of 0.57 (95% CI 0.43—0.76). Our study also showed
that cerebral protection device significantly decreased the
events of stroke. However, substantial heterogeneity across the
studies can be a concern to interpret the results of previous
meta-analysis"”. In addition, only two randomized controlled
trial (RCT) studies™* were enrolled in their investigations.
Analyzing three RCT studies, the Cochrane review” reported
that the number of either stroke or death within 30 days after
CAS did not differ significantly, based on the use of protec-
tion device (OR 0.95, 95% CI 0.38-2.41)">""". In this meta-

2,30, . . .
' provided clear information on

analysis, only two studies
stroke and death, respectively, not sum of stroke and death.
That was because most previous RCTs have compared treat-
ment outcomes between CAS and CEA, not focusing on the
use of protection device. Accordingly, further analysis of indi-
vidual patient data are necessary.

Symptomatic stenosis affects the periprocedural risk after
the procedure. A systemic review"” showed that symptomatic
lesion increased the 30-day risk of stroke or death, more than
asymptomatic lesions (7.6%, 95% CI 6.3-9.1 vs. 3.3%, 95% CI
2.6—4.1). Garg et al.”” also reported that symptomatic patients
had a higher stroke rate than asymptomatic patients, compar-
ing patients who underwent protected (3.8% vs. 1.7%) and
unprotected CAS (5.6% and 2.8%). For symptomatic patients,
the protection device exhibited relative stroke risk reduction
of 0.67 (95% CI 0.5-20.86). Kosowski et al.*” compared the
long-term adverse events between symptomatic and asymp-
tomatic patients who underwent CAS. The risk of stroke or
death did not differ significantly between symptomatic (8.3%)
and asymptomatic patients (8.6%). In this study, we did not
find a significant difference in the number of stroke between
protected (n=6, 1.7%) and unprotected CAS (n=11, 5.7%) in
symptomatic patients (OR 0.455, p=0.160). We think that dif-
ference in the primary endpoint (stroke vs. stroke and death)
resulted to the disagreement. Accordingly, further large scale
RCT studies are required to investigate the periprocedural risk
according to the use of protection device, including symptom-
atic stenosis.

Technical differences in stent type and protection device are
related to the periprocedural complications after CAS. The
procedures are performed using various stents with different

cell designs. Bosiers et al.” reported that the postprocedural
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Study name Events/total Statistics for each study Odds ratio and 95% ClI
Odds  Lower  Upper

Protected Unprotected  ratio  limit limit  Z-value p-value
Theron et al. (1996)® 2/93 3/123 0.879 0.144 5371 -0.140  0.889 B S m—
Parodi et al. (2000)*? 0/25 1/21 0.268 0.010 6.932  -0.793 0.428
Al-Mubarak et al. (2001)Y 1/37 1/39 1.056 0.064 17.516 -0.038 0.970
Castriota et al. (2002)" 1/150 3/125 0.273  0.028 2,657 -1.118 0.263
Pucillo et al. (2003) 1/22 2/55 1262 0.109 14.668 0.186  0.853
Dabrowski et al. (2003)) 1/20 3/55 0912 0.089 9314 -0.077 0938
Cohen et al. (2003)® 3/108 9/179 0.540 0.143 2.039  -0.910 0.363 e
Zahn et al. (2004)* 12/668 32/815 0.448 0.229 0.876  -2.346 0.019 ——
Theiss et al. (2004)") 25/1609  19/923 0751 0411 1371 -0.932  0.351 —=-
Kihara et al. (2004)% 0/36 1/43 0.388  0.015 9.822 -0.574 0.566
Gauvrit et al. (2004)* 0/7 1/15 0.644 0.023 17.822 -0.259 0.795
Vos et al. (2005)*) 7/151 12/358 1.402 0.541  3.632  0.695  0.487 -7
Cosottbini et al. (2005)” 0/30 1/22 0.235  0.009 6.047  -0.874 0.382
Boltuch et al. (2005) 2/180 18/471 0.283  0.065 1.231  -1.683 0.092 l
Kastrup et al. (2006) 5/139 5/67 0463 0129 1.657 -1.184  0.236 —_—
Henry et al. (2006)®) 3/630 5/187 0.174 0.041 0736 -2.377  0.017 T
Halabi et al. (2006)") 0/49 3/67 0.186 0.009 3.688 -1.103 0.270 o
Gupta et al. (2006)'¢) 0/6 2/43 1.277  0.055 29.707 0.152 0.879
Barbato et al. (2008)? 2/18 2/18 1.000 0.125 7.995 0.000 1.000
Macdonald et al. (201099 1/15 1/15 1.000  0.057 17.621  0.000  1.000
Tallarita et al. (2011)* 2/252 2/105 0.412  0.057 2.964 -0.881 0.378
Wu et al. (2011)? 3/44 1/35 2.488 0.247  25.023 0.774 0.439
Kimiagar et al. (2012)*") 1/60 6/56 0.141  0.016 1.213  -1.784 0.074
Giri et al. (2014) 244/11883 6/364 1.251  0.553 2.831 0.537 0.591 — -
Hung et al. (2016) 10/208 3/29 0438 0113  1.694 -1.196  0.232 e

0.633  0.479 0.837  -3.208 0.001 *>
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event rate was more pronounced in open cells (3.4%) than
closed cells (1.3%), in particular in symptomatic patients.
However, a recent meta-analysis by Kouvelos et al.”” did not
show the risk reduction of death (OR 0.69, p=0.21) and stroke
(OR 1.17, p=0.37) according to cell design, within 30 days after
the procedure. Cerebral protection can be conducted by bal-
loon occlusion of the internal carotid artery above the stenotic
lesion, filter instrument and flow-reversal system'”. Embolic
events are more found in filters than proximal occlusion or
flow reversal system while crossing the lesion'. Thus theoreti-

cally, proximal embolic protection device can be advanta-

Favors protected Favors unprotected

Fig. 2. A : Perioperative stroke events between protected and unpro-
tected carotid angioplasty and stenting. B : Funnel plots for publication
bias in perioperative stroke in all studies. Cl : confidence interval.

14 .. 14
) Giri et al." com-

geous in preventing stroke during CAS
pared the clinical outcome between distal and proximal
protection devices during CAS. In their study, the 30-day ad-
verse events did not reach significance according to the device
types (p=0.07). Zhan et al."” also reported that in-hospital
stroke or death did not differ significantly between filter (10
out of 551, 1.8%) and distal occlusive (4 out of 176, 2.3%) em-
bolic protection device (OR 1.04, 95% CI 0.24—4.44, p=0.958).
Nevertheless, future prospective trials comparing stent design
and protection device properties are needed.

There are some limitations in this study. First, most studies

J Korean Neurosurg Soc 61 (4) : 458-466 463
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Study name Events/total Statistics for each study Odds ratio and 95% Cl
Odds Lower Upper
Protected Unprotected ratio limit limit  Z-value  p-value
Barbato et al. (2008)? 2/18 2/18 1.000 0.125  7.995 0.000 1.000 |
Macdonald et al. (2010)** 1/15 1/15 1.000 0.057 17.621  0.000 1.000
Tallarita et al. (2011)* 2/252 2/105 0.412 0.057 2.964 -0.881 0.378 .
Kimiagar et al. (2012)" 1/60 6/56 0.141 0.016 1213 -1784  0.074
0.455 0151 1366 -1.404  0.160 —I.—

Heterogeneity : x’=1.987; df=3 (p=0.575); 1’=0.000%
@ Test for overall effect : Z=-1.404 (p=0.160)

= i
=) [}
T T
u

Standard Error

—
o]
T

2.0 L L L L L L L

20 -16 Log odds ratio 1.0 16 2.0

of this investigation did not analyze the efficacy of the protec-
tion device according to the symptomaticity. Second, two out
of the 25 studies (8%) are RCTs, although a number of studies
have drawn their conclusion from a prospective registry.
Third, heterogeneity in terms of primary endpoints (stroke'”
vs. stroke or death vs. stroke and death) can be a limitation to
reach the conclusion in the previous studies. In addition, some
studies did not provide clear information on stroke, death,
and their summation, respectively. Accordingly, total events
can be overestimated because major stroke can be fatal, al-
though total events were estimated as the sum of any stroke or
death in previous study””. Accordingly, randomized con-
trolled studies including more detailed data on perioperative
complications according to the symptomaticity and risk strat-
ification, and adverse events in long-term observation are re-

quired.

CONCLUSION

Our meta-analysis showed the use of cerebral protection
device significantly decreased any symptomatic stroke after

the CAS. However, its efficacy was not demonstrated in symp-
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0.01 0.1 1 10 100

Favors protected Favors unprotected

Fig. 3. A : Perioperative stroke between protected and unprotected
carotid angioplasty and stenting in patients with symptomatic carotid
stenosis. B : Funnel plots for publication bias in perioperative stroke in
patients with symptomatic carotid stenosis. Cl : confidence interval.

tomatic patients. Therefore, routine use of protection device
during CAS should be critically assessed before mandatory

use.
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Supplementary Fig. 1. Risk of bias summary for five randomized

controlled trial studies.
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