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Cervical Carotid Revascularization: Indications
From an Endovascular Perspective
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The benefit of prophylactic treatment of extra-
cranial carotid bifurcation disease with surgical

endarterectomy was established for symptomatic
and asymptomatic stenosis in the 1990s in several
landmark trials. More recently, the results of the

Asymptomatic Carotid Atherosclerosis Study
(ACAS) have been confirmed by a much larger
trial demonstrating the effectiveness of endarterec-
tomy in asymptomatic patients versus maximum

modern medical therapy [1]. In an understandable
effort to eliminate confounding variables, however,
these trials excluded patients with significant med-

ical and surgical comorbidities; in the North
American Symptomatic Carotid Endarterectomy
Trial (NASCET), two of three patients screened

were ineligible for the study on the basis of one or
more high-risk qualities [2]. In fact, these patients
comprise between 20% and 50% of the population

in whom endarterectomy would otherwise be
considered appropriate therapy in clinical practice
[3,4]. Moreover, in surveys performed after the
NASCET and ACAS, the 30-day mortality rate at

high-volume nontrial hospitals was greater than
twice that at NASCET centers and almost three
times that at low-volume nontrial hospitals [2],

suggesting a patient selection issue or operator
and/or facility issue.

In several subsequent nonrandomized ana-

lyses, the high-risk features excluded in the
NASCET and ACAS have been associated with
a significant increase in adverse outcomes. Specif-
ically, death, stroke, and myocardial infarction

(MI) at 30 days ranged between 7.8% and 9.9%
for patients older than 75 years of age [5,6]. The
risk of stroke and death alone is typically more
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than twice that seen in the ACAS and NASCET
in patients with congestive heart failure (8.6%) [5],

the presence of angina pectoris or coexistent
coronary disease necessitating bypass surgery
(9.9%–18.7%) [5,6], prior carotid endarterectomy

(CEA) with recurrent stenosis (7.6%–10.9%)
[7,8], contralateral occlusion (14.3%) [9], and
renal insufficiency (8.2%–13%) [10,11]. In a retro-
spective study performed by the Cleveland Clinic

on more than 3000 patients undergoing CEA in a
10-year period, patients with coronary artery dis-
ease, chronic obstructive pulmonary disease, and

chronic renal insufficiency (creatinine level >3.0
mg/dL) were found to have three times the in-
hospital stroke and death rate compared with

patients in a normal risk category [3]. Although
there are also data relating outcomes to operator
and/or center volumes, most observers believe

that the extrapolation of the NASCET and
ACAS results to these high-risk patients has
resulted in these less than favorable outcomes,
which are significantly worse than those reported

in the original trials.
At about the same time that the role of

endarterectomy was being clarified in the United

States, an evolution in device technology with the
advent of self-expanding stents allowed the con-
sideration of an endovascular alternative to sur-

gery to address its apparent deficiencies in the
high-risk patient. Although early work with
carotid angioplasty in Europe dates back to the
1980s, the results were suboptimal, and carotid

stenting did not start in earnest in the United
States until the early to mid-1990s. Those early
reports demonstrated the potential of this new

technology in high-risk patients, even if the stroke
and death rates ranged between 7% and 11%
[12,13]. After these single-center reports, the first
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attempt at a randomized trial versus endarterec-
tomy was the Wallstent Carotid Trial (1997–
1999), which enrolled largely standard-risk

patients [14]. The trial was halted prematurely
after approximately 200 patients were enrolled,
because it seemed as though the noninferiority
end points would not be satisfied. Although there

were no significant differences between the treat-
ment groups, there was a trend favoring
endarterectomy. Critique of this early trial fo-

cused on several key issues: the lack of a dedicated
stent (the original Wallstent [Boston Scientific,
Natick, Massachusetts] was a tracheobronchial

device; it has since been modified for carotid
application), the lack of cerebral embolic pro-
tection, the inexperienced nature of most oper-
ators, the absence of a phase I feasibility trial, and

trial design (eg, end point definitions, statistical
underpinnings).

Armed with the lessons of this trial and with

a better understanding of device, operator, and
trial requirements, technology evolved to include
dedicated, low-profile, and nitinol stents as well as

embolic protection devices and an expanded pool
of experienced operators, and the concept of
initiating trials in high-risk surgical patients

evolved. Although not entirely exclusive, the
overlap between a surgical high-risk feature and
an endovascular approach to carotid treatment is
generally quite limited. Accordingly, the next

phase of study involved the high-risk patients in
whom endarterectomy was proving difficult. Im-
portantly, those investigating carotid stenting also

recognized the importance of independent neuro-
logic auditing of results [15], and it was incorpo-
rated into those trials going forward.

The first multicenter randomized control trial
ever to examine outcomes of surgery in patients
with high-risk features, the Stenting and Angio-
plasty with Protection in Patients at High Risk for

Endarterectomy (SAPPHIRE) study, was con-
ducted as a pivotal trial for device approval
(Precise nitinol stent [Cordis Endovascular; John-

son & Johnson, New Brunswick, New Jersey] and
Angioguard filter embolic protection device
[Johnson & Johnson]) for Cordis Endovascular/

Johnson & Johnson [16]. Patients with severe
carotid stenosis (>50% in symptomatic patients
and >80% in asymptomatic patients) and high-

risk features were randomized to endarterectomy
or carotid stenting after agreement as to their
appropriateness among a team consisting of an
experienced surgeon, an experienced intervention-

ist, and a neurologist at each site. High-risk
comorbidities were defined in two broad catego-
ries: anatomic and medical. The anatomic inclu-
sions were contralateral carotid occlusion or

laryngeal nerve palsy, prior neck irradiation, prior
endarterectomy with recurrent stenosis, difficult
surgical access, and tandem lesions. Medical in-
clusion criteria were severe left ventricular dys-

function (ejection fraction <30%) or New York
Heart Association class III/IV heart failure, open
heart surgery within 6 weeks, easily provoked

angina or an acute coronary syndrome, severe
pulmonary disease, and age greater than 80 years.
In addition to the 334 patients randomized (310

treated), 407 patients considered to be at excessive
surgical risk were entered into a stent registry and
7 patients in whom stenting was considered pro-
hibitive were entered into an endarterectomy

registry. The randomized phase of the trial was
halted before completion because of lack of
enrollment once other nonrandomized registries

were in place as preferred alternatives for patients
and treating physicians. The 360-day primary end
point of all death, all stroke (to 30 days) and

ipsilateral stroke (to 360 days), and MI (to 30
days) was 12.2% for the stent arm and 20.1% for
endarterectomy (P = 0.053), fulfilling the prespe-

cified end point of noninferiority. The risk of
stroke out to 2 years was not different for the two
treatments, 5.9% for stenting and 5.8% for
surgery, and the low 1-year clinically driven target

lesion revascularization rates, 0.6% and 3.6%,
respectively, demonstrated durability of the initial
results in both arms. Subsequent analysis revealed

that the ipsilateral stroke rate in both treatment
arms was comparable to those in the NASCET
and ACAS trials. Based on the results of this

randomized control trial, on April 21, 2004, the
device advisory panel to the US Food and Drug
Administration (FDA) recommended approval of
the Precise stent and Angioguard embolic pro-

tection system for patients in whom carotid
revascularization was indicated and who had
high-risk surgical features as defined in the trial.

Several other pivotal device trials followed the
SAPPHIRE study but in registry rather than ran-
domized formats according to agreements with

the FDA. In these studies, a weighted historical
control is used as the comparator to the stent
results and is constructed based on a continuously

updated review of the literature for outcomes
specific to the proportion of each high-risk in-
clusion group in the trial. The inclusion criteria in
these later studies were similar to those of the

SAPPHIRE trial, as were the end points, with the
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notable exception that the SAPPHIRE study
included all death to 1 year, whereas these studies
only included death to 30 days as one of the
primary measures of procedural safety along with

stroke and MI. The ACCULINK for the Re-
vascularization of Carotids in High Risk Patients
(ARCHeR), Registry to Evaluate the NeuroShield

Bare Wire Cerebral Protection System and Xact
Stent in Patients at High Risk for Carotid
Endarterectomy (SECuRITY), and Boston Scien-

tific EPI: A Carotid Stenting Trial for High-Risk
Surgical Patients (BEACH) studies have all re-
ported 30-day data [17–19], and the ARCHeR

trial has reported 1-year primary end point results
[20]. The 30-day stroke, death, and MI rates in
those trials ranged between 5.4% and 7.8%, and
the 1-year freedom from death, ipsilateral stroke,

and MI in the ARCHeR study was 90%, statis-
tically better than the historical surgical control.
These trial results are remarkable for their low

rates of major complications (especially when
compared with surgery), their consistency across
devices and operators, and their durability in

stroke prevention, and they solidify the indication
for carotid stenting with embolic protection in the
high surgical risk patient.

Carotid stenting with embolic protection is
now moving into the standard-risk patient cohorts
with the Carotid Revascularization Endarterec-
tomy versus Stent Trial (CREST), sponsored by

the National Institute of Neurological Disorders
and Stroke (NINDS) of the National Institutes of
Health (NIH), in which symptomatic patients are

being randomized to receive surgery or stenting.
An enrollment of approximately 2500 patients at
70 sites is anticipated over the next several years.

In addition, randomized trials in standard-risk
asymptomatic patients are being contemplated
and should address the role of stenting in the
most common cohort currently undergoing CEA

in this country.
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