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ABSTRACT: Background: A meta-analysis of randomized controlled trials (RCTs) was conducted to update the available evidence on
the safety and efficacy of carotid endarterectomy (CEA) versus carotid artery stenting (CAS) in the treatment of carotid artery stenosis.
Methods: A comprehensive search was performed of MEDLINE, EMBASE, CENTRAL, bibliographies of included articles and past
systematic reviews, and abstract lists of recent scientific conferences. For each reported outcome, a Mantel-Haenszel random-effects
model was used to calculate odds ratios (ORs) and 95% confidence intervals (CI). The I? statistic was used as a measure of heterogeneity.
Results: Twelve RCTs enrolling 6,973 patients were included in the meta-analysis. Carotid artery stenting was associated with a
significantly greater odds of periprocedural stroke (OR 1.72, 95% CI 1.20 to 2.47) and a significantly lower odds of periprocedural
myocardial infarction (OR 0.47, 95% CI 0.29 to 0.78) and cranial neuropathy (OR 0.08, 95% CI, 0.04 to 0.16). The odds of
periprocedural death (OR 1.11, 95% CI 0.56 to 2.18), target vessel restenosis (OR 1.95, 95% CI 0.63 to 6.06), and access-related
hematoma were similar following either intervention (OR 0.60, 95% CI 0.30 to 1.21). Conclusions: In comparison with CEA, CAS is
associated with a greater odds of stroke and a lower odds of myocardial infarction. While the results our meta-analysis support the
continued use of CEA as the standard of care in the treatment of carotid artery stenosis, CAS is a viable alternative in patients at elevated
risk of cardiac complications.

RESUME: Méta-analyse portant sur des essais cliniques randomisés comparant ’endartérectomie carotidienne a la mise en place d’une
prothése endovasculaire. Contexte : Nous avons effectué une méta-analyse portant sur des essais cliniques randomisés (ECR), contrdlés, afin de mettre
a jour les données disponibles sur la sécurité et I’efficacité de 1’endartérectomie carotidienne (EC) comparée a la mise en place d’une prothese
endovasculaire (PEV) dans le traitement de la sténose carotidienne. Méthode : Nous avons effectué une recherche extensive des bases de données
MEDLINE, EMBASE, CENTRAL, de la bibliographie des articles ainsi repérés et des revues de littérature systématiques antérieures, et des listes de
résumés de conférences scientifiques récentes. Nous avons utilisé un modele de Mantel-Haenszel pour calculer les rapports de cotes (RC) et les
intervalles de confiance & 95% (IC). La statistique I2 a été utilisée pour mesurer I’hétérogénéité. Résultats : La méta-analyse porte sur I2 ECR incluant
6 973 patients. La mise en place d’une prothése endovasculaire était associée a un risque significativement plus élevé d’accident vasculaire cérébral
périprocédural (RC 1,72 ; IC 2 95% de 1,20 a 2,47) et a un risque significativement plus faible d’infarctus du myocarde périprocédural (RC 0,47 ; IC a
95% de 0,29 a 0,78) et de neuropathie cranienne (RC 0,08 ; IC a2 95% de 0,04 4 0,16). Les risques de déces périprocédural (RC 1,11 ; IC a 95% de 0,56
a 2,18), de resténose de I’artere (RC 1,95 ; IC a 95% de 0,63 a 6,06) et d’hématome reliés a la voie d’acces étaient semblables apres 1’une ou 1’autre
intervention (RC 0,60 ; IC 0,30 a 1,21). Conclusions : Comparée a I’'EC, la PEV est associée a un risque plus élevé d’accident vasculaire cérébral et a
un risque plus faible d’infarctus du myocarde. Bien que les résultats de notre méta-analyse soient en faveur de continuer a utiliser I’EC comme norme
de soins dans le traitement de la sténose carotidienne, la PEV est une alternative valable chez les patients a risque élevé de complications cardiaques.
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Ischemic stroke is the leading cause of permanent disability trials found CAS and CEA to have similar rates of

in the developed world.! Up to 20% of ischemic strokes result
from atherosclerotic stenosis of the internal carotid artery.?
Carotid endarterectomy (CEA) has been shown to be of benefit
in the treatment of symptomatic and asymptomatic carotid artery
stenosis by several large randomized controlled trials (RCTs).>’
Over the past decade, however, a growing interest has arisen in
carotid artery stenting (CAS) as a less invasive means of carotid
revascularization.

Disparate results have been reported by RCTs investigating
the relative efficacy of CAS and CEA 323 Three trials were
stopped prematurely after their interim analyses revealed an
increased risk of stroke following CAS.!3141623 In contrast, six
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periprocedural complications.”!""'":1822 Ag no single RCT has
definitively established CAS to be either equivalent or superior
to CEA, their relative safety and efficacy have been the subject
of previous meta-analyses.>?*?° Their findings, however, were
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limited by the presence of significant heterogeneity across
reported outcomes.

The results of the Carotid Endarterectomy versus Stenting
Trial (CREST), the largest RCT to date involving 2,502 patients,
have recently been reported.’® We therefore conducted a meta-
analysis of RCTs to update the available evidence on the safety
and efficacy of CAS versus CEA in the treatment of carotid
artery stenosis.

METHODS

This meta-analysis adheres to the standards of the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines.?!

Search Strategy

A comprehensive literature search was performed of
MEDLINE (1966 to July 1, 2010), EMBASE (1977 to April
2010), and the Cochrane Central Register of Controlled Trials
(CENTRAL) (1948 to April 2010) for RCTs comparing CEA and
CAS. The following Medical Subject Headings terms and text
words combined with the Boolean operator “OR” were
employed in the search strategy: “carotid endarterectomy,”
“carotid artery stenting,” and “carotid artery stenosis.”
Bibliographies of identified studies and previous systematic
reviews on CAS and CEA were searched for additional trials not
identified in the initial literature review. References were also
identified by screening the abstract lists of the 2010 American
Stroke Association meeting. One reviewer performed the search
(D.Y.) while another assessed the results (D.J.R.).
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Study Selection

Two reviewers (D.Y. and D.J.R.) independently screened
identified abstracts and articles. Articles were selected if they
met the following inclusion criteria: the study was a RCT
comparing CEA to CAS, and the incidence of stroke, myocardial
infarction, and death within 30 days were reported. Studies
meeting our inclusion criteria were included in the analysis
irrespective of the symptom status of enrolled patients, degree of
carotid stenosis, setting of the trial, publication status, or written
language of the report.

Data Abstraction

Two reviewers (D.Y. and D.J.R.) independently abstracted
data from identified trials with any disagreements resolved by
consensus or arbitration by a third reviewer (M.T.).
Demographic information included the presence or absence of
symptoms related to carotid artery stenosis, gender, age, and
baseline degree of stenosis. Information pertaining to trial design
included the number of patients randomized to each
intervention, setting of the trial, number of study centres,
duration of follow-up, and use of cerebral protection devices
during CAS. Primary outcomes were the 30-day periprocedural
rate of stroke, death, and myocardial infarction. Secondary
outcomes included 30-day periprocedural rate of: disabling
stroke; stroke or death; stroke, myocardial infarction or death, as
well as the incidences of restenosis, cranial neuropathy, and
access-related hematoma.

Records identified through
database search
n= 367

Records identified through search of
abstract lists and previous reviews

n=2

! !

n= 369

Records screened

Records excluded following
screening of title/abstract
n= 337

Full-text articles

n= 32

assess for eligibility

Full-text articles excluded
n=17
(duplicate publications,

i

!

irrelevant interventions, and

not randomized trials)

Full-text articles
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Figure 1: Selection of randomized trials evaluating carotid artery stenting and endarterectomy.
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Table: Characteristics of studies included in meta-analysis

Study (Year) Design Participants Symptomatic/ Age Stenosis Duration of Follow-up
CAS CEA Asymptomatic (No. of (Years) (%) (Months)
Patients)

Naylor (1998)' SC,RCT 11 12 23/0 68 82 1
Brooks (2001)° SC,RCT 53 51 104/0 66 85 24
Wallstent (2001)> MC, RCT 107 112 219/0 67 75 12
Brooks (2004)"° SC, RCT 43 43 0/85 67 86 48
SAPPHIRE (2004)'7% MC, RCT 167 167 96/238 73 NR 36
SPACE (2006)'%° MC, RCT 607 589 1,196/0 68 NR 24
TECAS-C (2006)* MC, RCT 82 84 NR 63 NR 6
BACASS (2008)* SC,RCT 10 10 20/0 69 83 48
EVA-3S (2008)'314 MC, RCT 265 262 527/0 69 NR 48
Steinbauer (2008)' SC,RCT 43 44 87/0 68 85 96
ICSS (2010)"° MC, RCT 858 857 1,715/0 70 NR 36
CREST (2010)*° MC, RCT 1,262 1,240 1,326/1,196 69 NR 48

CAS: carotid artery stenting; CEA: carotid endarterectomy; SC: single centre; RCT: randomized controlled trial.

Statistical Analysis

An intention-to-treat analysis was performed using Review
Manager 5.0 software. To accommodate for inter-trial variability
a random-effects model was employed to calculate odds ratios
(ORs) and 95% confidence intervals (CI). A P-value of <0.05
was considered a statistically significant difference between
interventions. The I test was used to estimate the inter-trial
variance due to underlying differences in design, patients, and
interventions (heterogeneity). Values of 25%, 50%, and 75%
were classified as low, moderate, and high degrees of
heterogeneity, respectively, with a P-value of <0.1 considered a
statistically significant degree of heterogeneity.’> A sensitivity
analysis was conducted to evaluate the effect of individual
studies on the summary OR. Individual studies were removed
one at a time from analyses and the summary OR was then
recalculated.

RESULTS

Fifteen reports of 12 RCTs enrolling a total of 6,973 patients
were identified in our literature review and included in the meta-
analysis (Figure 1). Trial characteristics are presented in the
Table.

One RCT identified in our literature search, the Carotid and
Vertebral Artery Transluminal Angioplasty Study (CAVATAS),
was excluded. In this trial, stents were placed in only 26% of
study participants randomized to endovascular intervention
while balloon angioplasty alone was performed in the
remainder.!! We consider balloon angioplasty and balloon
angioplasty followed by stenting to be distinct interventions with
the former not reflective of current practice.

Primary Outcomes

The incidence of 30-day periprocedural stroke was reported
by ten studies randomizing 6,667 patients.3-10:13-20.22.30 The
pooled odds of periprocedural stroke was significantly higher
following CAS (OR 1.72,95% CI 1.20 to 2.47,P = 0.003; Figure
2). A moderate degree of heterogeneity between studies was
present (I = 37%, P = 0.14). The elevated periprocedural odds
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of stroke remained significant when our analysis was restricted
to the eight trials enrolling exclusively patients with
symptomatic carotid artery stenosis (OR 2.68, 95% CI 1.18 to
6.11, P =0.02, I> = 74%, P = 0.001) 39:13-16.1921.30 The odds of
periprocedural stroke among patients with asymptomatic carotid
artery stenosis were similar in the aggregated outcomes of two
studies (OR 1.88, 95% CI 0.79 to 4.46, P = 0.15).19%° In a
sensitivity analysis the odds of periprocedural stroke remained
significantly in favour of CEA when data from any single trial
was omitted.

Eight studies with a total of 5,448 patients contributed to our
analysis of 30-day periprocedural myocardial infarction 3-10:13-
15.17.182230 The pooled odds of myocardial infarction was
significantly less for those undergoing CAS (OR 047, 95% CI
0.29 to 0.78, P = 0.003; Figure 2). The elevated odds of
myocardial infarction following CEA was observed consistently
across trials without evidence of heterogeneity (I> = 0%, P =
0.99). Exclusion of the reported outcomes of the CREST trial
resulted in a loss of significance, although the OR was virtually
identical (OR 0.48,95% C10.22to 1.07,P =0.07,1?=0%,P =
0.97).

The 30-day periprocedural pooled odds of death was near
unity when outcomes from 11 trials involving 4,252 participants
were aggregated (OR 1.11,95% CI1 0.56 to 2.18, P =0.76, I> =
1%, P = 0.41; Figure 2)3101322 The summary OR of 30-day
periprocedural death was not dependent on the results of any
single trial.

Secondary Outcomes

The composite pooled odds of 30-day periprocedural stroke,
death, or myocardial infarction were similar between CAS and
CEA in an analysis of seven trials enrolling a total of 5,363
patients (OR 1.15, 95% CI 0.73 to 1.82, P = 0.55; Figure
2)8913:1417.1822.30° A moderate degree of heterogeneity was
present (I> = 55%, P = 0.04). These results did not vary with the
omission of any one trial. The 30-day periprocedural pooled
odds of disabling stroke was elevated following CAS among ten
trials of 6,715 patients (OR 1.46,95% CI1 0.97 to 2.19,P =0.07,
I? = 3%, P = 0.40) 81013202330 Thjs finding reached statistical
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Outcome Study Stenting  Endarterectomy Weight Odds Ratio
Events Total Events Total (95% CI)

Stroke BACASS 2008 1] 10 1 10 1.2% 0.30 [0.01, 8.33] —
Brooks 2001 0 53 0 51 Not estimable
Brooks 2004 0 43 0 42 Not estimable
CREST 2010 52 1262 29 1240 24.6% 1.79 [1.13, 2.85] -
EVA-35 2008 23 265 7 262 12.3% 3.46 [1.46, 8.22] ——
ICSS 2010 56 853 28 857 24.5% 2.08 [1.31, 3.31) i
Naylor 1998 5 11 0 12 1.4% 21.15[1.01, 445.00] e
SAPPHIRE 2004 6 167 5 167 7.4% 1.21 [0.36, 4.04] ——
SPACE 2006 44 607 37 589 25.0% 1.17 [0.74, 1.83] -
TECAS-C 2006 2 82 3 84  3.6% 0.68 [0.11, 4.15) ——
Total (95% CI) 3353 3314 100.0% 1.72 [1.20, 2.47] L 2
Total events 188 110

Myocardial BACASS 2008 0 10 (1] 10 Not estimable

Infarction Brooks 2001 0 53 1 51 2.4% 0.31 [0.01, 7.90] —
Brooks 2004 0 43 0 42 Not estimable
CREST 2010 14 1262 29 1240 60.2% 0.47 [0.25, 0.89) |
EVA-35 2008 1 265 2 262 4.3% 0.49 [0.04, 5.46) —
ICSS 2010 3 853 4 857 11.0% 0.7510.17, 3.37] —
SAPPHIRE 2004 4 167 10 167 17.9% 0.39 [0.12, 1.25] —T
TECAS-C 2006 1 82 2 84 4.2% 0.51 [0.05, 5.69] ——
Total (95% CI) 2735 2713 100.0% 0.47 [0.29, 0.78] L 2
Total events 23 48

Death BACASS 2008 0 10 0 10 Not estimable
Brooks 2001 0 53 1 51 4.4% 0.31 [0.01, 7.90] —
Brooks 2004 0 43 0 42 Not estimable
EVA-35 2008 2 265 3 262  14.0% 0.66 [0.11, 3.96) T
ICS5 2010 10 853 3 857 26.9% 3.38 [0.93, 12.31) T
Naylor 1998 1] 11 0 12 Not estimable
SAPPHIRE 2004 2 167 4 167 15.4% 0.49 [0.09, 2.73) T
SPACE 2006 6 607 5 589 3l.6% 1.17 [0.35, 3.84] ———
Steinbauer 2008 0 43 0 44 Not estimable
TECAS-C 2006 1 82 2 84 7.8% 0.51 [0.05, 5.69] Jrrm—
Total (95% CI) 2134 2118 100.0% 1.11 [0.56, 2.18) -
Total events 21 18

Stroke, BACASS 2008 1] 10 1 10 1.8% 0.30 [0.01, B.33]

Myocardial Brooks 2001 0 53 1 s1 1.9% 0.31[0.01, 7.90] ———————

Infarction, CREST 2010 66 1262 56 1240 27.6% 1.17 [0.81, 1.68] -

or Death EVA-35 2008 26 265 12 262 18.6% 2.27 [1.12, 4.59] f—t—
ICSS 2010 58 BS53 33 857 25.6% 1.82 [1.18, 2.82] -
SAPPHIRE 2004 8 167 16 167 15.0% 0.47 [0.20, 1.14) =T
TECAS-C 2006 4 82 7 84 9.4% 0.56 [0.16, 2.01] —_—
Total (95% CI) 2692 2671 100.0% 1.15 [0.73, 1.82) k3
Total events 162 126

0.01 01 10 100
Favours CAS Favours CEA

Figure 2: 30-day periprocedural outcomes. CAS: carotid artery stenting; CEA: carotid endarterectomy; CI: confidence

interval

significance when the results of the ICSS trial were excluded
(OR 1.68,95% CI11.02t02.77,P =0.04,1> = 4%, P =0.39). The
composite pooled odds of 30-day periprocedural stroke or death
significantly favoured CEA when the outcomes of nine trials
involving 4,218 patients were analyzed (OR 1.67, 95% CI 1.05
t02.65,P =0.03,1>=47%, P = 0.07) 3-1013-2023 Exclusion of the
EVA-3S or ICSS trials resulted in a loss of significance in the
composite odds of 30-day periprocedural of stroke or death (OR
1.51,95% CI of 0.90 to 2.56, P = 0.12, 1> = 48%, P = 0.08 and
OR 1.56,95% CI of 0.86 to 2.86, P = 0.14, I> = 48%, P = 0.08,
respectively). The composite outcome of stroke or death no
longer differed at 24-months when the results of two trials
randomizing a combined 1,207 patients were aggregated (OR
1.06,95% CI of 0.71 to 1.57,P =0.78, 12 = 0%, P = 0.46) 31920

Rates of restenosis of the revascularized carotid artery were
examined by seven trials enrolling a total of 1,678 patients.®
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10.13.14,17.18 2122 The pooled odds of restenosis did not differ
significantly between interventions (OR 1.95, 95% CI 0.63 to
6.06, P =0.25,1> = 67%, P = 0.03). Censoring of the results of
the SAPPHIRE trial resulted in a significant difference in the
rates of restenosis in favour of CEA (OR 2.68, 95% CI 1.64 to
4.37,P =<0.0001,1> = 0%, P = 0.49).

The odds of cranial neuropathy was greater following CEA in
an analysis of ten trials of 5,558 patients (OR 0.08, 95% CI 0.04
t0 0.16, P < 0.00001, I? = 0%, P = 0.99) 8-10.13-18.21.22.30 N single
trial exerted a dominant effect on the pooled odds of cranial
neuropathy. The odds of access-related cervical or femoral
hematomas were equally frequent following either intervention
in a comparison of six trials of 2,497 patients (OR 0.58, 95% CI
029 to 1.17, P = 0.13, I> = 14%, P = 0.32) 310.I5.17.1821 The
exclusion of the results of either the Brooks 2001 or Steinbauer
2008 trials resulted in the odds of access-related hematomas
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reaching significance in favour of CAS (OR 0.55, 95% CI of
0.35t00.85,P =0.007, 1> =0%, P =0.48 and OR 0.61, 95% CI
0.391t0 0.96, P =0.03,1> = 0%, P = 0.38, respectively).

DiscussioNn

Following its initial description in 1954, CEA has become the
subject of more study than any other surgical intervention.*3 The
well-established role of CEA in the treatment of carotid artery
stenosis has come into question following the advent of CAS.
This is reflected by the fall in the rate of CEA by a third and the
accompanying four-fold rise in the rate of CAS over the past
decade 3* However, the widespread adoption of CAS has been
based largely on observational studies reporting rates of stroke
and death similar to that of CEA.3%7 To date, no single large
RCT has convincingly established CAS to be equivalent to CEA.
Moreover, several trials have found increased rates of
complications following CAS.!31621.23 To update the available
evidence on the comparative safety and efficacy of CAS and
CEA, we have conducted the largest meta-analysis to date with
pooled outcomes from 12 RCTs.

We found CAS to be associated with a significantly increased
odds of 1.72 of periprocedural stroke. This finding may reflect an
excess of non-disabling stroke among patients randomized to
CAS as the increased odds of 1.46 of disabling stroke following
CAS was not statistically significantly. Alternatively, the existing
RCTs may have lacked sufficient power to detect a significant
difference due to the relative infrequency of disabling stroke
when compared to all forms of stroke. As the single goal of
carotid revascularisation is to prevent future stroke, the elevated
periprocedural risk of stroke associated with CAS must be taken
into account when evaluating the long-term risk-benefit ratio of
the procedure.

We found no difference in the overall periprocedural odds of
death between CAS and CEA. This can likely be accounted for
the balancing effect produced by each procedures’ differing and
competing odds of fatal periprocedural stroke and myocardial
infarction. While CEA resulted in a significant decrease in the
periprocedural odds of fatal stroke, this mortality benefit appears
to have been offset by the increased odds of fatal myocardial
infarction. The resulting morbidity may not be equivalent
however, as periprocedural stroke has been found to have a
greater adverse impact than myocardial infarction on a broad
range of quality-of-life measures.® The differing risks of
myocardial infarction between CAS and CEA may allow the
method of carotid revascularisation to be tailored to the patients’
underlying risk for periprocedural cardiac events. In the absence
of clinically significant risk factors predictive of a cardiac event,
the results of our analysis support the continued use of CEA as
the standard of care in the treatment of carotid stenosis.

Not surprisingly, our analysis revealed a greater than 10-fold
increase in the odds of cranial neuropathy with CEA. The odds
of access-related hematoma, however, did not vary significantly
between interventions. The increased rate of cranial neuropathy
is an expected consequence of surgical exposure that is often
transient, with a complete or partial functional recovery within
six months in the majority of cases.® The morbidity resulting
from access-related hematoma was also limited as only a small
minority of patients with cervical or femoral hematomas
required further intervention and few access-related hematomas
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resulted in permenant disability or death in trials included in our
analysis.

The odds of target vessel restenosis following either
intervention were found to be similar. The consequence of this
comparison was limited by the presence of a moderate
heterogeneity as well as a wide ranging confidence interval
(95% CI 0.63 to 6.06). Outcomes reported by the SAPPHIRE
trial were found to exert a dominant effect in our sensitivity
analysis. Their exclusion resulted in a reduced odds of restenosis
following CEA. It is unclear if this resulted from differences in
the methodology, patient population, or the experience of
interventionalists and surgeons participating in the SAPPHIRE
trial. More long-term outcomes are required before meaningful
conclusions on the comparative efficacy of CEA and CAS in
preventing target vessel restenosis can be made.

Significant heterogeneity limited the implications of our
comparisons of the rates of restenosis, death or stroke, stroke
among patients with symptomatic stenosis, and the combined
outcome of death, stroke, or myocardial infarction. Potential
contributors of heterogeneity among reported outcomes included
varying inclusion criteria across trials such as the enrolment of
patients with asymptomatic carotid stenosis. Heterogeneity also
resulted from the inclusion in our analysis of five trials which
were prematurely terminated for reasons of futility, inadequate
enrolment, and harm.'31416-20.23 Premature trial termination has
been cited as a potential source of bias due to a systematic
overestimate of treatment effect.?®3 A repeated analysis
removing the outcomes of prematurely terminated trials resulted
in the absence of significant heterogeneity in all of the above
mentioned comparisons with I? values of 0% (P = 0.37), 21% (P
= 0.28), and 31% (P = 0.22) for rates of restenosis, death or
stroke, and death, stroke, or myocardial infarction, respectively.
The exclusion of prematurely terminated trials did not however
significantly alter the results of the comparisons in our primary
outcomes of stroke (OR 1.84,95% CI 1.33 to 2.53, P = 0.0002,
I =0%, P = 0.46), myocardial infarction (OR 0.50, 95% CI 0.28
t0 0.87, P =0.02,1>=0%, P = 0.94 ), and death (OR 1.30, 95%
CI10.28 t0 6.05,P =0.68,1> =35%, P =0.21).

The wide ranging prerequisite experience required of
interventionalists between trials as well as the learning curve
inherent to a new intervention such as CAS has been cited as a
potential source of inter-trial variability and bias against CAS in
published RCTs.4%4! Surprisingly, interventionalists’” experience
did not correlate with complication rates in sub-group analyses
of the EVA-3S and ICSS trials.!3#? We found no evidence of a
significant improvement in CAS performance over time as the
aggregated periprocedural risk of stroke remained significantly
elevated following CAS in analysis restricted to the five most
recently published trials (OR 1.77, 95% CI 1.22 to 2.56, P =
0.003, 1% = 44%, P = 0.13) 313-15.1920.30

CONCLUSIONS

The results of this meta-analysis support continued use of
CEA as the standard of care in the treatment of carotid artery
stenosis for the prevention of stroke. For those at high risk for
cardiac complications, CAS may offer a viable alternative given
its lower associated risk of myocardial infarction. Further
epidemiological research would benefit clinicians in tailoring
methods of carotid revascularization to specific patient
subgroups.
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