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Carotid Artery Stenting
versus Endarterectomy

A Systematic Review

For about 2 decades, investigators have been comparing carotid endarterectomy with ca-
rotid artery stenting in regard to their effectiveness and safety in treating carotid artery
stenosis. We conducted a systematic review to summarize and appraise the available ev-
idence provided by randomized trials, meta-analyses, and registries comparing the clini-
cal outcomes of the 2 procedures. We searched the MEDLINE, SciVerse Scopus, and
Cochrane databases and the bibliographies of pertinent textbooks and articles to identi-
fy these studies.

The results of clinical trials and, consequently, the meta-analyses of those trials pro-
duced conflicting results regarding the comparative effectiveness and safety of carotid
endarterectomy and carotid stenting. These conflicting results arose because of differ-
ences in patient population, trial design, outcome measures, and variability among cen-
ters in the endovascular devices used and in operator skills. Careful appraisal of the trials
and meta-analyses, particularly the most recent and largest National Institutes of Health-
sponsored trial (the Carotid Revascularization Endarterectomy vs Stenting Trial [CREST]),
showed that carotid stenting and endarterectomy were associated with similar rates of
death and disabling stroke. Within the 30-day periprocedural period, carotid stenting was
associated with higher risks of stroke, especially for patients aged >70 years, whereas ca-
rotid endarterectomy was associated with a higher risk of myocardial infarction. The slight-
ly higher cost of stenting compared with endarterectomy was within an acceptable range
by cost-effectiveness standards. We conclude that carotid artery stenting is an equivalent
alternative to carotid endarterectomy when patient age and anatomy, surgical risk, and op-
erator experience are considered in the choice of treatment approach. (Tex Heart Inst J
2012;39(4):474-87)

troke is the third most common cause of death in the United States, and ca-

rotid artery stenosis is the cause of about 20% to 25% of strokes.' The risk

of stroke depends upon the severity of the carotid stenosis. According to the
North American Symptomatic Carotid Endarterectomy Trial (NASCET), 75% to
94% stenosis is associated with a stroke risk of 27% in symptomatic patients and
18.5% in asymptomatic patients.? The European Carotid Surgery Trial (ECST) pro-
duced similar results.?

Although carotid endarterectomy (CEA) (Fig. 1) emerged in 1954, only in the
1990s did a series of randomized controlled trials (RCTs) establish the superiority of
CEA plus aspirin over aspirin alone in preventing stroke.”" Since the invention of en-
dovascular techniques and devices for carotid artery revascularization, many RCTs
have compared the safety and efficacy of CEA with that of carotid artery stenting
(CAS) (Fig. 2) in treating carotid artery stenosis, producing somewhat conflicting re-
sults. However, the U.S. Food and Drug Administration (FDA) recently expanded
the indications for CAS. Here, we review the current literature regarding the relative

benefits and safety of CEA and CAS.

Methods

Selection Criteria

We selected RCTs, meta-analyses, and registry studies that compared CEA and CAS
and that were published from 1950 through August 2011.

Search Methods
We searched the MEDLINE, SciVerse Scopus, and Cochrane databases for these
key words: carotid stent, carotid stenting, carotid angioplasty, and all 3 terms com-
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bined. Limiting the results to publications from 1950  randomized trials, meta-analyses, human, English lan-
through August 2011 resulted in 6,860 entries. Then  guage. This narrowed the results to 156 reported stud-
the query was filtered by applying the following limits:  ies. Two of our investigators then independently applied

ICA

Cc

Fig. 1 Carotid endarterectomy. A) Dissection of the carotid artery. B) Removal of the atherosclerotic plaque. C) Closure of the carotid
artery with a patch.

A CCA

CCA = common carotid artery; ECA = external carotid artery; ICA = internal carotid artery

Reproduced with permission from: Roffi M, Mukherjee D, Clair DG. Carotid artery stenting vs. endarterectomy. Eur Heart J
2009,30(22):2693-704.*

A B C

Fig. 2 Carotid artery stenting. A) A guidewire crosses the stenosis in the internal carotid artery; B, C) the stent is deployed; and
D) balloon postdilation is performed to expand the stent.

CCA = common carotid artery; ECA = external carotid artery, ICA = internal carotid artery

Reproduced with permission from: Roffi M, Mukherjee D, Clair DG. Carotid artery stenting vs. endarterectomy. Eur Heart J
2009;30(22):2693-704.*
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the selection criteria to each study; 41 studies met these
criteria and were included in the review.

Results

Randomized Controlled Clinical Trials

Mathias,"” in his 1977 report of the first canine carot-
id angioplasty, proposed the idea of performing carotid

angioplasty in patients with carotid artery disease. The
first carotid artery angioplasty performed in a human
being was reported by Kerber and colleagues® in 1980.
Following the invention of stent technology and dedi-
cated devices for the carotid artery, CAS emerged as a
potential alternative to CEA in the 1990s. This inspired
a large number of clinical trials"** that compared CAS

to CEA (Table I).

TABLE I. Clinical Trials of Carotid Artery Stenting and Carotid Endarterectomy

Death or
No. Myocardial Death or Disabling
Patients Death Stroke Infarction Stroke Stroke
Trial (Year) Inclusion Criteria CEA CAS CEA CAS CEA CAS CEACAS CEA CAS CEA CAS EPD %

Leicester™ >70% symptomatic M 12 0 0 0 5 NR NR NR NR 0 3 0
(1998) stenosis
WallStent™® >60% symptomatic 112 107 NR NR NR NR NR NR 5 13 NR NR 0
(2001) stenosis
Kentucky-A'®  >70% symptomatic 51 53 1 0 0 0 1 0 1 0 1 0 0
(2007) stenosis
EVA-3S” >60% symptomatic 262 265 3 2 9 24 2 1 10 25 4 9 92
(2006) stenosis
Kentucky-B®  >80% asymptomatic 42 43 0 o0 0 0 0 0 0 0 0 0 0
(2004) stenosis
CaRESSm™2 >50% symptomaticor 254 143 1 0 9 13 27 6 9 3 NR NR 100
(non-random-  >75% asymptomatic
ized) (2005) stenosis
TESCAS-C*  >50% symptomatic or 84 82 2 1 3 2 2 1 5 3 NR NR 0
(2006) >70% asymptomatic

stenosis
SAPPHIRE®#  >50% symptomatic or 167 167 4 2 5 6 10 4 8 7 NR NR 95.6
(2008) >80% asymptomatic

stenosis and high

surgical risk
SPACE»» >70% symptomatic 589 607 5 6 37 44 NR NR 39 45 23 31 27
(2008) stenosis
Steinbauer >70% symptomatic 44 43 0 0 NR NR 6 of 32 and 0 of 29 had >70% 0
MG, et al.? stenosis restenosis at 6- to 7-year follow-up
(2008)
BACASS%% >70% symptomatic 10 10 0 01 0 0 0 1 0 1 0 100
(2008) stenosis
CAVATAS#?%  >50% symptomaticor 253 251 4 7 21 18 3 0 25 25 15 16 0
(2009) asymptomatic stenosis
CREST® >50% on angiography, 1,240 1,262 4 9 29 52 28 14 29 bb NR NR 96.1
(2010) >70% on US, CTA, MRA

symptomatic stenosis or

>60% on angiography,

>70% on US, 80%

on CTA or MRA

asymptomatic stenosis
ICSS*(2010) >50% symptomatic 857 853 7 19 35 65 4 3 40 72 27 34 72

stenosis

BACASS = Basel Carotid Artery Stenting Study; CaRESS = Carotid Revascularization Using Endarterectomy or Stenting Systems;

CAS = carotid artery stenting; CAVATAS = Carotid and Vertebral Artery Transluminal Angioplasty Study; CEA = carotid endarterectomy;
CREST = Carotid Revascularization Endarterectomy versus Stent Trial; CTA = computed tomographic angiography; EPD = embolic pro-
tection device; EVA-3S: Endarterectomy Versus Angioplasty in patients with Symptomatic Severe Carotid Stenosis; ICSS = International
Carotid Stent Study; MRA = magnetic resonance angiography; NR = not reported; SAPPHIRE = Stenting and Angioplasty with Protection
in Patients at High Risk for Endarterectomy; SPACE = Stent-Supported Percutaneous Angioplasty of the Carotid Artery versus Endarter-
ectomy; TESCAS-C = Trial of Endarterectomy versus Stenting to Carotid Atherovascular Stenosis-China; US = ultrasonography
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The Carotid And Vertebral Artery Transluminal An-
gioplasty Study (CAVATAS)»"333 was a multicenter
RCT in which 504 patients with carotid stenosis were
randomly assigned to carotid angioplasty (n=251) or
CEA (n=253). This is the only RCT identified by our
search that had restenosis as its primary endpoint. The
median follow-up was 5 years. (Up to 11 years of fol-
low-up data are available now.) In an intention-to-treat
analysis, the primary endpoint (restenosis of >70%) was
found more often in the angioplasty group (hazard ratio
[HR]=3.17; P <0.0001). In the angioplasty and CEA
groups, respectively, the cumulative incidences of the
primary endpoint were 21.7% and 30.7% at 1 year and
7.5% and 10.5% at 5 years. It is important to note that
stents were used in only 55 of the 250 angioplasty pa-
tients (26%). Patients who received stents had a signif-
icantly lower incidence of restenosis than did patients
who received angioplasty alone (HR=0.43; P=0.04).
During the 30-day perioperative period, there were 8
non-disabling strokes (defined as neurologic deficits
that resolved completely within 7 days) in the angio-
plasty group and 1 in the CEA group, and the number
of disabling strokes and deaths was the same in both
groups (25 vs 25). After this period, the angioplasty
and CEA groups did not significantly differ in the inci-
dence of any stroke or transient ischemic attack (36.9%
vs 30.2%) or of ipsilateral stroke or transient ischemic
attack (19.3% vs 17.2%).

The Stenting and Angioplasty with Protection in Pa-
tients at High Risk for Endarterectomy (SAPPHIRE)
trial was a noninferiority RCT in which 334 patients,
all with coexisting conditions that potentially increase
the risks associated with surgery, were randomly as-
signed to CEA (n=167) or CAS (n=167).” Both symp-
tomatic patients with >50% stenosis and asymptomatic
patients with >80% stenosis were enrolled. The primary
endpoint was a composite of death, stroke, or myocardi-
al infarction (MI) within 30 days or death or ipsilateral
stroke from 31 days through 1 year. This endpoint was
reached by 20 patients assigned to CAS and 32 patients
assigned to CEA (cumulative incidence, 20.1%; abso-
lute difference, =7.9%; P=0.004 for noninferiority). At
1 year, carotid revascularization was repeated in fewer
patients who had undergone CAS than in patients who
had undergone CEA (cumulative incidence, 0.6% vs
4.3%j; P=0.04). In symptomatic patients, the incidence
of the primary endpoint at 1 year was 16.8% in the
CAS group and 16.5% in the CEA group (P=0.95). For
asymptomatic patients, it was 9.9% in the CAS group
and 21.5% in the CEA group (P=0.02).

The Stent-Supported Percutaneous Angioplasty of
the Carotid Artery versus Endarterectomy (SPACE)
trial was a noninferiority trial designed to compare CAS
with CEA in symptomatic patients only.” Patients were
randomly assigned to CAS (n=605) or CEA (n=595)

within 180 days of a transient ischemic attack or stroke.

Texas Heart Institute Journal

In contrast to all previous trials, the SPACE trial exclud-
ed patients with restenosis after a previous CEA. The
primary endpoint of this study was ipsilateral ischemic
stroke or death from the time of randomization to 30
days after the procedure. This endpoint was reached in
6.84% of CAS patients and 6.34% of CEA patients
(absolute difference, 0.51%; 95% confidence interval
[CI],-1.89% to 2.91%). The one-sided Pvalue for non-
inferiority was 0.09. The authors concluded that the
trial had not proved the noninferiority of CAS to CEA.

The Endarterectomy Versus Angioplasty in Patients
with Symptomatic Severe Carotid Stenosis (EVA-3S)
trial was a multicenter noninferiority RCT that com-
pared CAS with CEA only in asymptomatic patients
with carotid stenosis of at least 60%."”* The prima-
ry endpoint was the incidence of any stroke (not sole-
ly ipsilateral ischemic stroke, as in the SPACE trial) or
death within 30 days after treatment. The relative risk
of 30-day stroke or death associated with CAS was 2.5
(95% CI, 1.2-5.1) compared with CEA. At 6-month
follow-up, the incidence of any stroke or death was 6.1%
after CEA and 11.7% after CAS (P=0.02). Therefore,
the trial was stopped prematurely (after 527 of the in-
tended 872 patients were enrolled) for reasons of both
safety and futility. However, it was noted that in the
CAS patients, the risk of stroke or death was signifi-
cantly lower when an embolic protection device (EPD)
was used than when it was not (18/227 [7.9%)] vs 5/20
[25%]; P=0.03). At the 4-year follow-up, the combined
rate of periprocedural stroke or death and nonprocedur-
al ipsilateral stroke was higher in CAS patients (11.1%)
than in CEA patients (6.2%; HR=1.97; P=0.03).” The
HR for periprocedural disabling stroke or death and
nonprocedural fatal or disabling ipsilateral stroke was
2.00 (95% CI, 0.75-5.33; P=0.17).

The Carotid Revascularization Endarterectomy vs
Stenting Trial (CREST) was sponsored by the Nation-
al Institutes of Health and was by far the largest mul-
ticenter RCT with blinded adjudication.” In CREST,
2,502 symptomatic and asymptomatic patients (treat-
ed at 108 centers in the United States and 8 centers in
Canada) with at least 70% stenosis on ultrasound were
randomly assigned to CAS or CEA. The 477 surgeons
and 224 interventionalists who performed the proce-
dures each met a set of standards for training and ex-
perience.” Patients were considered symptomatic if,
in the 6 months before enrollment, they had a tran-
sient ischemic attack, amaurosis fugax, or non-disabling
stroke involving the index carotid artery. Patients were
excluded if they had a disabling stroke, chronic atri-
al fibrillation, or paroxysmal atrial fibrillation within
the prior 6 months or if they needed anticoagulation
or had an MI or unstable angina in the 30 days be-
fore enrollment. The 2 groups were comparable at base-
line except that hyperlipidemia was more prevalent in
the CEA group (85.5% vs 82.9%; P=0.048). Open-
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cell stents (RX Acculink® Carotid Stent System; Abbott
Vascular, part of Abbott Laboratories; Abbott Park, I1I)
were used at all centers, and a distal EPD (RX Accu-
net® Embolic Protection System; Abbott Vascular) was
deployed in 96.1% of patients. The primary endpoint
was a composite of stroke, MI, or death of any cause
during the periprocedural period (from treatment as-
sighment to 30 days post-procedure) or any ipsilateral
stroke during the 4-year follow-up. Myocardial infarc-
tion was identified by a combination of elevated lev-
els of cardiac markers (at least twice the upper limit of
their normal ranges) and signs or electrocardiograph-
ic evidence of MI. There was no difference in the com-
posite primary endpoint rate between the CAS (7.2%)
and CEA (6.8%) groups (HR=1.1; P=0.51). There was
also no significant difference in the frequency of the pri-
mary endpoint between symptomatic and asymptom-
atic patients. The CAS and CEA groups had similar
periprocedural mortality rates but significantly dif-
ferent rates of stroke (4.1% vs 2.3%; P=0.01) and MI
(1.1% vs 2.3%; P=0.03). The 4-year rate of any ipsi-
lateral stroke was 2.0% for CAS and 2.4% for CEA
(P=0.85). The 4-year rate of death alone was very sim-
ilar for CAS (11.3%) and CEA (12.6%) (P=0.45). For
the first time in an RCT of CAS and CEA, a measure
of quality of life, the SF-36 questionnaire, was includ-
ed as a secondary endpoint. Major and minor strokes
had a greater negative impact on patients’ quality-of-life
scores (—15.8 points) than did MI (4.5 points). Of all
patients, 872 were women (34.9%), and there was no
difference in the primary endpoint rate between women
and men with either treatment.”’

The International Carotid Stenting Study (ICSS),
which is ongoing, is also a multicenter RCT with blind-
ed adjudication of outcomes. It enrolls only symptom-
atic patients with carotid stenosis. In 2010, the results
of an interim analysis of 4-month follow-up data were
published.” There were 34 events of disabling stroke
or death in the CAS group (n=855) and 27 events in
the CEA group (n=858), making the HR 1.28 (95%
CI, 0.77-2.11). Stroke, death, or periprocedural MI
occurred in 72 CAS patients and 44 CEA patients
(HR=1.69; 95% ClI, 1.16-2.45; P=0.006). In contrast,
the numbers of disabling strokes in the 2 groups were
identical. It is crucial to mention that, in this trial, var-
ious stents and protection devices were used for CAS at
the discretion of the interventionalist, and protection
devices were used in only 593 (72%) of the 828 CAS
patients.

Meta-Analyses

Our search identified 12 meta-analyses of RCTs (Table
I1).***" A meta-analysis of 5 trials involving 1,154 pa-
tients was performed by Qureshi and colleagues.” The
frequency of the composite endpoint of 30-day stroke
(either minor or disabling) or death was not different
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between patients treated with CAS and those treated
with CEA. Moreover, no significant differences were
observed in 1-year rates of ipsilateral stroke (relative risk
[RR]=0.8; 95% CI, 0.5-1.2; P=0.2). However, the
1-month rates of MI (RR=0.3; 95% CI, 0.1-0.9) and
cranial nerve injury (RR=0.05; 95% ClI, 0.01-0.3) were
significantly lower for CAS patients.

Similarly, another meta-analysis of 5 clinical trials
with 2,122 patients by Gurm and colleagues® revealed
no difference in risk of 30-day mortality, stroke, dis-
abling stroke, combined death and stroke, or combined
death and disabling stroke among patients randomly as-
signed to CAS versus CEA.

The results of a meta-analysis of 7 trials involving
2,973 patients* suggested that CAS carries a slightly
higher 30-day risk of stroke or death than does CEA
(8.2% vs 6.2%; P=0.04; odds ratio [OR]=1.35), but
the difference was not significant when non-disabling
strokes were excluded. In contrast, CEA posed a signif-
icantly higher risk of cranial nerve palsy (4.7% vs 0.2%;
P<0.0001; OR=0.17) and MI (2.3% vs 0.9%; P=0.03;
OR=0.37) than did CAS.

Brahmanandam and associates® performed a meta-
analysis of 10 trials, using an intention-to-treat approach
to compare the effects of CAS and CEA on the primary
outcome of 30-day stroke or death. Patients who under-
went CAS had a higher risk of 30-day stroke or death
than did patients who underwent CEA (RR=1.30; 95%
CI, 1.01-1.67). A sensitivity analysis of only the RCTs
(n=8) produced similar results. Subgroup analysis of tri-
als that enrolled only symptomatic patients also showed
a higher risk of 30-day stroke or death (RR=1.63; 95%
CI, 1.18-2.25) in CAS patients. Interestingly, no be-
tween-trial heterogeneity was found in this meta-anal-
ysis.

Jeng and colleagues’ meta-analysis of 9 trials involv-
ing 3,138 patients found totally different results when
using random-effects and fixed-effects models.” When
a random-effects model was used for meta-analysis,
there was no significant difference between treatment
groups in 30-day event rates for any stroke (OR for
CAS=1.46; 95% ClI, 0.91-2.36), death or any stroke
(OR=1.37; 95% CI, 0.9-2.1), or death, any stroke, or
MI (OR=1.02; 95% CI, 0.49-2.11). There was also no
significant difference in the rates of death or any stroke
at 6 months (OR=1.50; 95% CI, 0.69-3.23) or 1 year
(OR=1.25; 95% CI, 0.59-2.63). In contrast, when a
fixed-effects model was used for meta-analysis, the 30-
day event rate for death or any stroke was significant
ly higher after CAS than after CEA (OR=1.37; 95%
CI, 1.04-1.81), and the risk of cranial nerve injury was
much lower in CAS patients than in CEA patients
(OR=0.12;95% CI, 0.05—0.29). In addition, there was
significant heterogeneity among the trials (P=0.04).

In a meta-analysis of 10 randomized clinical trials
that included 3,182 patients, Murad and co-authors®
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associated CAS with a nonsignificant reduction in the
risk of death (RR=0.6; 95% ClI, 0.27-1.37), nonfatal
MI (RR=0.43; 95% CI, 0.17-1.11), and a nonsignifi-
cant increase in any stroke (RR=1.29; 95% ClI, 0.73—
2.26), and major/disabling stroke (RR=1.06; 95% ClI,
0.73-2.26). The authors examined each component of
composite outcomes individually, rather than the com-

posite outcomes as reported by each trial, because the
treatment effect was not uniform across the individual
components of the composite outcomes (death, stroke,
MI, or cranial nerve palsy).

Ringleb and colleagues* conducted a meta-analysis of
8 RCTswith 2,985 patients, of whom 89% were symp-
tomatic. This meta-analysis, which used a fixed-effects

TABLE Il. Meta-Analyses of Trials Comparing Carotid Artery Stenting and Carotid Endarterectomy

Results for CAS Compared with CEA

No. Statistical
Authors (Year) Studies/Patients Model
Yavin D, et al.® 12/6,973 Random effects
(2011)
Economopoulos KP, 13/7,477 Random and fixed
et al.** (2011) effects
Bangalore S, et al.* 13/7,477 Trial sequential
(2011) analysis
Bonati LH, et al.” 3%/3,433 Individual patient
(2010) data and intention-
to-treat
Meier P, et al.*? 11/4,796 Random and fixed
(2010) effects
Liuz, etal.® 8/2,942 Random effects
(2009)
Roffi M, et al.* 10/4,648 Fixed effects
(2009)
Ringleb PA, et al.* 8/2,985 Fixed effects
(2008)
Jeng JS, etal.*® 9/3,138 Random and fixed
(2008) effects
Brahmanandam S, 10/3,580 Fixed effects
et al.*s (2008)
Gurm HS, et al.” 5/2,122 Random and fixed
(2008) effects
Wiesmann M, 7/2,973 Fixed effects
et al.*® (2008)
Murad MH, et al.*® 10/3,182 Random effects
(2008)
Ederle J, et al.®® 12/3,227 Random and fixed
(2007) effects
Qureshi Al, et al.?' 5/1,164 Random effects

(2005)

Significantly higher periprocedural stroke risk (OR=1.72) and lower
periprocedural AMI risk (OR=0.47). Mortality rates similar between
groups (OR=1.1).

Higher stroke risk in both periprocedural period and long-term follow-
up (OR=1.37), particularly for patients older than 68 yr (OR=1.7).

Greater RR of periprocedural stroke or death (20%) and less RR of
AMI (15%).

Significantly higher 3-mo risk of stroke or death (RR=1.5, P=0.0006).
With age <70 yr, RR was 1.00; with age >70 yr, RR was 2.04
(P=0.0014).

Lower risk of stroke or death for CEA (OR=0.67, P=0.025) because
of lower stroke rate; no difference for risk of death alone (OR=1.14,
P=0.727) or for death or disabling stroke (OR=0.74, P=0.09). Risk of
stroke or death not different up to 4-yr follow-up (HR=0.9, P=0.314).

Similar risk of stroke or death for CEA and CAS at 30 d (OR=0.69,
P=0.1) and 1 yr (OR=0.8, P=0.72).

Higher 30-d risk of death or stroke for CAS (OR=1.6, P <0.05).

Higher 30-d incidence of stroke or death (OR=1.3, P=0.03);
significant heterogeneity among trials found for this result. Risk for
disabling stroke or death not significantly different between groups
(OR=1.3, P=0.12); no significant heterogeneity found for this analysis.

Random-effects model showed no significant difference in risk of
any stroke, death or any stroke, or AMI at 30 d, 6 mo, or 1 yr. Fixed-
effects model associated CAS with higher 30-d risk of death or any
stroke (OR=1.37, P <0.05).

Higher 30-d risk of stroke or death (OR=1.3, P <0.05).

No significant difference between CAS and CEA for 30-d risk of any
stroke or of disabling stroke or death. Both statistical models’ results
were similar.

Higher 30-d risk of stroke or death (OR=1.35, P=0.04). Risk of
disabling stroke or death not different. Moderate but nonsignificant
heterogeneity reported (Q=8.01, P=0.16).

Nonsignificant reduction in risk of death (RR=0.61, P>0.05, 1?>=0)
and nonsignificant increases in risk of any stroke (RR=1.3, £>0.05,
12=42%) and disabling stroke (RR=1.06, P >0.05, ’=45%).

Higher 30-d risk of death or stroke for CAS with fixed-effects model
(OR=1.39, P=0.02) but not with random-effects model (OR=1.4,
P=0.12). No difference between groups in risk of disabling stroke or
death with fixed-effects model (OR=1.2, P=0.31) or with random-
effects model (OR=1.2, P=0.39).

Rate of stroke or death not different between CAS and CEA (RR=1.3,
P=0.4).

AMI = acute myocardial infarction; CAS = carotid artery stenting; CEA = carotid endarterectomy; HR = hazard ratio; OR = odds ratio;

RR = relative risk
*EVA-3S, SPACE, and ICSS

Texas Heart Institute Journal
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model, showed that the risk of stroke or death within 30
days was higher after CAS than after CEA (OR=1.38;
95% ClI, 1.04-1.83; P=0.024). Although there was sig-
nificant heterogeneity among the trials with regard to
this outcome (P=0.03), the authors did not report the
results of using the random-effects model. Regarding
the odds of disabling stroke or death, the difference be-
tween the CAS and CEA groups was not significant,
and no heterogeneity was found among the trials.

In the most recent meta-analysis of studies that com-
pared CEA with CAS, Meier and associates* exam-
ined 11 trials that included 4,796 patients. Compared
to CAS, CEA was associated with significantly less risk
of periprocedural death or stroke (OR=0.67; 95% CI,
0.47-0.95; P=0.025), mainly because of a lower risk
of stroke (OR=0.65; 95% CI, 0.43-1.00; P=0.049).
The risk of death and the composite endpoint of death
or disabling stroke did not differ significantly, where-
as CEA was associated with a significantly higher risk
of periprocedural MI (OR=2.69; 95% CI, 1.06-6.79;
P=0.036) and cranial nerve injury (OR=10.2; 95% CI,
4.0-26.1; P <0.001).

Registries

After the initial reports of case series and trials of CAS
were published in the 1990s, a large number of single-
center and multicenter registries were established across
Europe and North America to record the outcomes of
carotid revascularization procedures, mainly angioplas-
ty and stenting. Registries of high-risk patients who un-
derwent CAS are listed in Table IT1°**' These registries
have many limitations, such as inconsistent inclusion
criteria, incomplete follow-up of large percentages of pa-
tients, various definitions of adverse events, and variable
levels of operator experience. However, registries provide
data regarding real, everyday cases, and one can com-
pare their results with the results of RCTs. Here, we re-
view the results of some large registry studies.

The CAPTURE Registry. The Carotid Acculink/Ac-
cunet Post-Approval Trial to Uncover Unanticipated or
Rare Events (CAPTURE) is a prospective, multicenter
registry created to evaluate the outcomes of CAS after
FDA device approval.“¢ It is, in fact, a post-market-
ing survey in which 144 clinical sites with 353 physi-
cians participate. The investigators reported the results
in 3,500 patients.”” The 30-day event rate of the prima-
ry endpoint—death, stroke, or MI—was 6.3% (95%
CI, 5.5%-7.1%). It is of interest that this event rate did
not differ among operators with different levels of ex-
perience.” Stroke occurred in 4.8% of patients (3.9%
ipsilateral, 0.9% contralateral). Forty-four percent of all
ipsilateral strokes and 26% of all contralateral strokes
were major and disabling. Most strokes (57.7%) were
noted after the procedure but before discharge, where-
as 22.3% were noted during the procedure and 20%
were identified after discharge. These proportions were
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similar for patients who were symptomatic and those
who were asymptomatic before the procedure. How-
ever, the incidence of major strokes was significantly
greater among symptomatic patients (4.6%; 22/482)
than asymptomatic patients (1.6%; 47/3,018). Overall,
23% of the major strokes were hemorrhagic, and 94%
of these strokes were ipsilateral to the stented carotid ar-
tery. There was a tendency toward more major hemor-
rhagic strokes in symptomatic patients (36%) than in
asymptomatic ones (17%; P=0.07).

ELOCAS Registry. From 1993 through 2004, 2,172
patients treated by CAS were recorded in the Europe-
an Long-term Carotid Artery Stenting Registry (ELO-
CAS) in 4 centers in Europe.® Of all patients, 95.6%
received stents. Direct stenting was performed in 1,455
(70.3%) and predilation in 614 (29.7%) of patients.
One of several different EPDs was deployed in 85.9%
of patients.” The major stroke or death rate was 1.2%
at 30-day follow-up, and the stroke or death rate was
4.1%, 10.1%, and 15.5% at 1-, 3-, and 5-year follow-up.
The stroke or death event rates were not significantly
different between symptomatic and asymptomatic pa-
tients. Restenosis was evaluated periodically by duplex
ultrasonography during follow-up. Restenosis of >50%
was noted in 1%, 2%, and 3.4% of patients after 1, 3,
and 5 years of follow-up.

Society for Vascular Surgery Vascular Registry. The Vas-
cular Registry was developed by the Society for Vascular
Surgery to register the outcomes of carotid procedures
and report to the Centers for Medicare and Medicaid
Services’ National Coverage Decision on CAS. In De-
cember 2007, the results of 2,763 CAS and 3,259 CEA
patients were reported.” The rate of the primary end-
point of death or stroke or MI at 30 days was reported to
be higher for symptomatic CAS patients (7.13%) than
for asymptomatic ones (4.6%; P=0.04); likewise, this
rate was higher for symptomatic CEA patients than for
asymptomatic ones (3.75% vs 1.97%; P=0.05). After
risk-adjustment for age, history of stroke, and diabetes
mellitus, the results of a logistic regression analysis as-
sociated CEA with better outcomes (that is, a lower rate
of endpoints) than those of CAS. The volume of cases
had no significant effect on CAS outcomes.

ALKK Registry: Results of CAS in Octogenarians. The
Arbeitsgemeinschaft Leitende Kardiologische Kranken-
hausirzte (ALKK) registry” included 2,780 CAS pa-
tients, whose median age was 70.8 years (interquartile
range, 64.7-73.3 yr) and 11.2% of whom were octoge-
narians. A comparison with younger patients showed
that in octogenarians, symptomatic stenosis was a more
common indication for CAS (60.7% vs 48%; P <0.001),
the CAS procedure was aborted more frequently (6.9%
vs 2.2%; P <0.001), the duration of intervention was
longer (median, 45 vs 40 min; £=0.008), and the re-
sidual stenosis after CAS was greater (10% vs 5%
P=0.000). The in-hospital death or stroke rate was also
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higher in octogenarians than in younger patients (5.5%
vs 3.2%; P <0.032).

In this cohort, octogenarians were slightly more
likely to have arterial hypertension (93.4% vs 90.7%;
P=0.18) and significantly more likely to have atrial fi-
brillation (16.4% vs 7.9%; P <0.001) than were younger
patients. However, it is of interest that the prevalences of
other comorbidities, including coronary artery disease
and heart failure, were comparable between octogenar-
ians and younger patients.”

The Impact of Embolic Protection Devices

The use of EPDs is recommended by expert consensus®®
to reduce the risk of stroke associated with CAS. Three
main types of EPDs have been used to address this risk:
distal occlusion balloons, distal filter devices, and prox-
imal protection devices (Fig. 3). Distal occlusion bal-

loons, which were developed first, were rapidly replaced
by distal filters because some patients could not toler-
ate the balloons and because stopping blood flow in the
carotid artery made stent deployment more difficult.
Iyer and colleagues® retrospectively studied CAS da-
tabases at 4 centers and analyzed a total of 3,160 CAS
procedures in which 9 different EPDs were used. An
EPD was used in 3,030 patients (95.9%). Adverse
events were defined as death, stroke, or transient isch-
emic attack, and their timing was considered to be pro-
cedural (during the procedure) or 30-day (during the
procedure and up to 30 days afterward). Use of any
protection device was associated with a nonsignificant
reduction in procedural adverse event rates (0.9% vs
2.3%, P=0.12). Comparison of occlusion balloons ver-
sus filters and comparison of proximal versus distal oc-
clusion balloons revealed no significant differences in

TABLE lll. Registry Studies of Carotid Artery Stenting and Carotid Endarterectomy

30-Day 30-Day
Death/ Death/ 1-Year
No. Symptomatic  Stroke, Stroke/ Adverse Technical
Registry (Year) Sponsor Stent/EPD Patients Patients, % % AMI, % Events, % Success, %

SECURITY®? Abbott Xact/ 305 21 6.89 7.5 8.5 96.7
(2011) Emboshield
SAPPHIRE® Cordis PRECISE, Nitinol/ 2,001 277 NR 4.4 NR 93.7
(2009) ANGIOGUARD,

XP/RX
CREATE SpiderRX* ev3 Acculink/ 160 NR NR 5.6 NR NR
(2007) SpiderRX
PASCAL®> Medtronic Exponent/ 115 NR NR 8 NR NR
(2007) Any
ARCHer (pooled)®® Guidant/ Acculink/ 581 24 6.9 8.3 9.6 >95
(2006) Abbott AccuNet
BEACH?®® Boston WallStent/ 747 25.3 2.8 5.8 9.1 98.2
(2006) Scientific FilterWire EX/EZ
CREATE SpiderOTW?’ ev3 Protégé/ 419 17.4 5.2 6.2 7.8 97.4
(2006) SpiderOTW
MAVErIC 1+2% Medtronic Exponent/ 498 22 NR 5.2 NR NR
(2006) GuardWire
MAVETIC Int'].?® Medtronic Exponent/ 51 NR NR 5.9 11.8 94.2
(2006) InterceptorPlus
CABERNET®® Boston EndoTex, NexStent/ 454 24 3.6 3.9 4.5 96
(2005) Scientific FilterWire EX/EZ
Mo.Ma® Invatec Any/ 157 19.7 5.7 57 NR 96.8
(2005) Mo.Ma
PRIAMUS® Invatec Any/ 416 63.5 4.56 4.56 NR 99
(2005) Mo.Ma

AMI = acute myocardial infarction; ARCHer = ACCULINK for Revascularization of Carotids in High-Risk patients; BEACH = Boston
Scientific EPI: A Carotid Stenting Trial for High-Risk Surgical Patients; CABERNET = Carotid Artery Revascularization Using the Boston
Scientific EPI FilterWire EX/EZ and the EndoTex NexStent; CREATE = Carotid Revascularization with ev3 Arterial Technology Evolu-
tion trial; EPD = embolic protection device; Int'l = international; MAVErIC = Evaluation of the Medtronic AVE Self-Expanding Carotid
Stent System with Distal Protection In the Treatment of Carotid Stenosis; NR = not reported; PASCAL = Performance and Safety

of the Medtronic AVE Self-Expandable Stent in Treatment of Carotid Artery Lesions; PRIAMUS = Proximal Flow Blockage Cerebral
Protection during Carotid Stenting; SAPPHIRE = Stent Placement and Angioplasty with Protection in Patients at High Risk for Endarter-
ectomy; SECURITY = Registry Study to Evaluate the Emboshield Bare Wire Cerebral Protection System and Xact1 Stent in Patients at

High Risk for Carotid Endarterectomy
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Fig. 3 Embolic protection devices. A) A filter is deployed in the internal carotid artery (ICA). B) A balloon is inflated in the ICA. C) Bal-
loons are inflated in the external carotid (ECA) and common carotid (CCA) arteries.

Reproduced with permission from: Roffi M, Mukherjee D, Clair DG. Carotid artery stenting vs. endarterectomy. Eur Heart J

2009,30(22).2693-704.*

the risk of procedural or 30-day adverse events. How-
ever, the 30-day adverse event risk was higher with
the Accunet filter than with the FilterWire EZ™ Em-
bolic Protection System (Boston Scientific Corpora-
tion; Natick, Mass) (RR=2.67; 95% CI, 1.41-5.04;
P=0.005).

In CREST, the use of an EPD (the RX Acculink)
was mandatory when feasible, and this device was used
in 96% of patients. The systematic use of EPDs in
CREST has been proposed to be a factor in the rela-
tively low rate of adverse events in CREST compared
with other trials.”

In a systematic review of literature from 1999 through
2002, Kastrup and co-authors™ compared the stroke
and death rates associated with 2,537 CAS procedures
performed without EPDs and 896 CAS procedures per-
formed with EPDs. The authors found that the 30-day
combined stroke and death rate was 5.5% in patients
treated without EPDs and 1.8% in patients treated
with EPDs (2 <0.001) regardless of the patients’ symp-
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tom status, whereas the rates of death alone were al-
most identical (approximately 0.8%). The results of the
Global Carotid Artery Registry also favored the use of
EPDs; as in EVA-3S, the risk of stroke or death in CAS
patients was significantly lower if an EPD was used.”
However, a subgroup analysis of data from the SPACE
RCT showed that EPDs had no impact on event rate
(ipsilateral stroke or ipsilateral stroke or death rate with-
in 30 days).” In a small RCT in which 30 patients un-
derwent CAS with or without an EPD (Emboshield®
NAV6 Embolic Protection System; Abbott Vascular),
transcranial Doppler surprisingly showed significant-
ly more signals—suggestive of more particulate em-
boli—in the protected group. However, there was no
difference in clinical event rates during the 30 days after
the procedure.”

In theory, proximal protection systems (Fig. 3) are
more effective than any distal device because the carotid
lesion does not need to be crossed first (to deploy the bal-
loon or filter) and because the external carotid artery is

Volume 39, Number 4, 2012



occluded during the procedure.” The feasibility and ef-
ficacy of using proximal EPDs have been reported in the
past few years.””* In 2010, Stabile and colleagues”™ re-
ported data from a large, single-center registry in which
a proximal EPD (the Mo.Ma® Ultra Proximal Cerebral
Protection Device; Invatec S.p.a.; Roncadelle, Italy) was
used in 1,300 patients. The device was successfully de-
ployed in 99.7% of cases. In-hospital adverse events were
5 deaths (0.38%), 6 major strokes (0.46%), 5 minor
strokes (0.38%), and no Mls. Within the 30-day follow-
up period, there were 2 additional deaths and 1 minor
stroke. Symptomatic patients had a higher 30-day in-
cidence of death or stroke (3.04% vs 0.82%; P <0.05)
than did asymptomatic patients. In this registry, patients
over 80 years of age did not have worse outcomes than
did younger patients. Such a low adverse event rate has
not been reported in any other registry or RCT.

Discussion

Randomized trials of CAS and CEA have produced
somewhat conflicting results, probably because they
drew their cohorts from heterogeneous patient popula-
tions, used different endpoints and endovascular devices,
and involved operators with various levels of experience
in performing endovascular techniques. Likewise, the
results of meta-analyses conflict because these analyses
included different combinations of trials and used dif-
ferent statistical methods. Of the meta-analyses we re-
viewed, all but one*® showed significant heterogeneity
between clinical trials. The meta-analyses performed by
Jeng and coworkers® and by Murad and colleagues® ap-
pear to be more accurate than other meta-analyses we
reviewed, because the methods used in these 2 meta-
analyses were more appropriate given the significant het
erogeneity among trials and the nonuniform treatment
effect on the individual components of the composite
endpoints. When heterogeneity was taken into account,
meta-analyses performed with the random-effects model
always showed comparable outcomes between CAS and
CEA. Of note, in the most recent meta-analysis, per-
formed by Meier and associates,” the inferiority of CAS
to CEA disappeared as newer trials were added sequen-
tially to the analysis. Better trial design, the maturation
of endovascular techniques, and improvements in inter-
ventionalists” skills might explain this finding.

The CREST trial was designed to overcome these
confounding factors. It enrolled both symptomatic and
asymptomatic patients and excluded patients with pre-
vious disabling stroke or with atrial fibrillation. Also,
CREST included standard-risk CEA candidates, in
contrast to SAPPHIRE, which enrolled only high-risk
patients. Therefore, CREST’s results can be applied to
a broader patient population. Patients in the CEA and
CAS groups were comparable in terms of age, sex, and
comorbidities, except for hyperlipidemia, which was
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more prevalent in the CEA group. In contrast to other
trials, only one kind of stent and embolic protection fil-
ter was allowed, and rigorous training criteria were used
to standardize operator skill.*** Overall, in CREST, the
rates of stroke, death, and MI were lower than or equal
to corresponding rates in previous trials for both CAS
and CEA procedures. This finding could be the result
of controlling for confounders (mentioned above) in the
study design, the devices used, and operator experience.
The rates of any periprocedural stroke or death associ-
ated with CAS and CEA were 2.5% versus 1.4% for
asymptomatic patients and 6.0% versus 3.2% for symp-
tomatic patients; all of these rates are less than or equal
to current American Heart Association “acceptable
risk” guidelines for patients who undergo these proce-
dures.?* The 30-day risk of any stroke was higher for
CAS than for CEA in EVA-3S (HR=1.97; P=0.03), in
ICSS (HR=1.92; P=0.002), and in CREST (HR=1.74;
P=0.04). As we mentioned, in EVA-3S, this risk was sig-
nificantly lower in patients who were treated with EPD
(18/227 [7.9%] vs 5/20 [25%]). In ICSS, only 72% of
patients were treated with an EPD, and the final results
of ICSS have not yet been reported. The lower rate of
stroke in CREST than in similar trials is probably due
to the use of EPDs in 96% of patients, the use of the
same EPD and stent system in all patients, and a higher
standard for interventionalist training. However, in fu-
ture studies, we must continue to improve CAS by re-
fining the stent design and stenting techniques and by
investigating the role of proximal EPDs.

Age could be an important predictor of clinical out-
come for patients who undergo CAS. Patients younger
than 70 years had a significantly better outcome (lower
stroke rates) with CAS than with CEA in the CREST,
SPACE, and ICSS (interim results) trials. In a pooled
analysis of data from the EVA-3S, SPACE, and ICSS
trials, the risk of stroke or death within a 4-month fol-
low-up period was 5.8% and 5.7% in the CAS and
CEA patients who were younger than 70 years of age.
However, this risk was 12% versus 5.9% (RR=2.04;
P=0.0053) in CAS and CEA patients who were 70
years of age or older.” More carotid artery tortuosity
and calcification could be the reasons for the increased
risk of stroke in elderly CAS patients.

In an analysis of a multicenter Italian/German regis-
try of CAS patients (n=695), Schluter and colleagues*
found that diabetes and age were predictors of the 30-
day incidence of any stroke and death. Compared with
nondiabetic patients, diabetic patients aged 75 years or
older had a 4.3-fold greater risk of stroke or death (95%
CI, 1.3-12.3; P=0.016) and a 12.0-fold greater risk of
major stroke or death (95% ClI, 2.1-66.5; P=0.005). It
is worth noting that diabetes was not a risk factor for
stroke or death in patients younger than 75 years. Sim-
ilarly, age was not a predictor of complications in non-
diabetic patients.
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Acute MI has been consistently shown to be more
prevalent after CEA than after CAS. The rates of organ
dysfunction and death due to MI were not reported in
any of the trial reports we identified. In 2010, Illumi-
nati and associates® evaluated the effectiveness of elec-
tive coronary angiography and percutaneous coronary
intervention (PCI) before CEA in reducing the inci-
dence of postoperative MI. They randomly assigned
426 CEA candidates either to coronary angiography
with possible PCI before CEA or to CEA without an-
giography or PCI. The primary endpoint was the com-
bined rate of postoperative MI and complications of
coronary angiography and PCI. No postoperative MI
was observed in the PCI group, but 9 myocardial events,
including one fatal M1, were observed in the no-PCI
group. There were no postoperative complications due
to aspirin or clopidogrel use. Although this treatment
approach needs more investigation, it could be consid-
ered as a means of minimizing the risk of postoperative
MI for patients who are not candidates for CAS and
who need to be treated with CEA.

In January 2011, the FDA’s Circulatory System Device
Panel expanded the indications for CAS in standard-risk
patients to include stenosis of 270% by ultrasound or
>50% by angiogram combined with neurologic symp-
toms, and stenosis of >70% by ultrasound or >60%
by angiogram in the absence of symptoms. These are
FDA-approved indications for using the RX Acculink
stent and the RX Accunet embolic protection filter.
The panel members emphasized the significance of ad-
equate operator training and experience. Vigorous ac-
creditation requirements for operators and hospitals
are to be launched soon. In future trials, the efficacy
of proximal EPDs (which appears promising) needs to
be compared with that of filters such as the RX Accu-
link, because proximal devices might make CAS pro-
cedures much safer. In a cost-effectiveness analysis of
the SAPPHIRE trial, it was found that CAS with EPD
was more costly overall (in terms of both the proce-
dure and hospitalization) than was CEA ($559 more
per patient); however, by accepted economic standards,
CAS is still a viable alternative, particularly for patients

at high surgical risk.*

Conclusions
Our systematic review focused on the results of random-
ized trials, meta-analyses, and registries. Our purpose
was to cover not only clinical trials but also real-world
cases to increase the external validity of our conclusions.
However, the possibility of publication bias still exists.
We conclude that if performed by experienced hands
at experienced centers, CAS is an acceptable alternative
to CEA, particularly for patients who are at high surgi-
cal risk, and is probably preferable for patients younger
than 70 years of age. However, patients’ preferences and
anatomy must also be taken into consideration.
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