
Review

Synthèse

From the Departments 
of Diagnostic Radiology 
and Clinical Neurological
Sciences, University 
of Western Ontario, 
London, Ont.

This article has been peer reviewed.

CMAJ 2000;162(10):1451-4

Abstract

CAROTID ANGIOPLASTY AND STENTING HAS RECENTLY EMERGED as a popular alternative to
endarterectomy for the treatment of carotid atherosclerosis. Carotid endarterectomy
has been scientifically validated, but many believe carotid angioplasty and stenting
to be a less invasive, less expensive and equally safe and effective method of treat-
ment. The evidence for and against the use of each procedure will be discussed.

Stroke is one of the leading causes of morbidity and mortality in North Amer-
ica, affecting over half a million patients at a cost of over 30 billion dollars a
year.1 Carotid endarterectomy (CEA), the surgical removal of atherosclerotic

plaque from the cervical carotid bifurcation, provides effective stroke prophylaxis in
symptomatic and asymptomatic patients, with 70% or greater stenosis of the inter-
nal carotid artery.2–5 The North American Symptomatic Carotid Endarterectomy
Trial (NASCET), a randomized trial conducted at 50 clinical centers throughout
the United States and Canada, found that CEA was highly beneficial for sympto-
matic patients with high-grade carotid stenosis.2 Carotid angioplasty and stenting
(CAS)6–8 is currently being used by some as an alternative method of treatment; this
practice is controversial, however.

Transluminal angioplasty is a percutaneous interventional technique in which an
endovascular balloon catheter is used to dilate a vessel mechanically. The procedure
has been used successfully since the early 1970s to treat peripheral vessel athero-
sclerotic disease. Metallic stents can be deployed following angioplasty to maintain
vascular patency and to reduce restenosis rates. The first carotid balloon angio-
plasty was reported in 1980;9 since then there has been an exponential growth in
the number of carotid angioplasties performed worldwide.10 These procedures were
initially performed by cardiologists, who found it an easy progression from the
coronary to the carotid vessels.6,10,11 Despite widespread use, there has been no sci-
entific validation of its utility.

We review the benefits and risks associated with CEA and CAS and summarize
the debate over which treatment is optimal.

Carotid endarterectomy

The benefits of CEA for stroke prevention have been definitively shown in
NASCET.2 In this prospective study 659 symptomatic patients with severe carotid
stenosis were randomized to a medical or surgical group. All patients received opti-
mal medical management, including antiplatelet medication, and the surgical group
underwent CEA. The absolute risk reduction of any ipsilateral stroke at 2 years was
17% for patients in the surgical group (p < 0.001). For the 1415 patients who un-
derwent CEA the overall rate of perioperative stroke or death was 6.5%,12 and peri-
operative medical complications, most of them cardiovascular, were seen in less
than 10% of patients.13 The benefits  have been confirmed in at least 2 other ran-
domized controlled trials of CEA for patients with symptomatic carotid stenosis,3,5

in a study of 1662 patients with asymptomatic carotid artery stenosis4 and among
symptomatic patients with moderate (58%–69%) stenosis.14

These clinical trials have shown the unequivocal benefits of CEA. The benefits
would, however, be lost if complication rates higher than those reported are experi-
enced. In addition, there are concerns that inappropriate overutilization of CEA
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could occur and that complication rates may be higher out-
side academic centres.15

Carotid angioplasty and stenting

The first series of CAS reports appeared in the
1980s.16–18 Indications for CAS initially included restenosis
after prior CEA, radiation-induced disease and medical
conditions precluding surgery (e.g., coronary artery or
chronic pulmonary disease). Although patient populations
and disease conditions were often heterogeneous, retro-
spective reviews suggested that CAS could be a safe and less
invasive alternative to CEA (Fig. 1).

Enthusiasm for CAS increased in the 1990s. A group at
the University of Alabama who performed 271 procedures
in 231 patients, 79% of whom were ineligible for surgery,
reported a technical success rate of 99%, with a major
stroke and death rate at 30 days of 1.4% and a minor stroke
rate of 7.4%.11,19,20 In their latest 100 cases the complication
rate was under 2%.20

The North American Cerebral Percutaneous Translu-
minal Angioplasty Registry (NACPTAR) documented an
83% success rate in 165 nonsurgical patients, with a 30-day
combined stroke and death rate from all causes of 9%.21 A

major prospective trial of CAS versus CEA is currently un-
der way in Europe; the Carotid and Vertebral Translumi-
nal Angioplasty Study (CAVATAS)22 has enrolled 504 pa-
tients and has reported a CAS success rate of 96% and
complication rates of 6% in each of the treatment groups.

The debate

For years cardiologists and interventional neuroradiolo-
gists have emphasized the lower patient risk and cost of an-
gioplasty when compared with surgery.8 Among the several
technical issues that still must be resolved is whether cere-
bral protection using a downstream balloon is needed dur-
ing angioplasty. This is advocated by some investigators as
an essential precaution to decrease cerebral emboli,23,24

while others see it as a needless additional intervention that
may actually increase risk.25

There is also debate over whether stenting is always nec-
essary after angioplasty. Serruys and colleagues26 reported
that clinical and angiographic outcomes were better in pa-
tients who received a stent than in those who received stan-
dard coronary angioplasty. In addition, the rates of sympto-
matic restenosis following CAS (7%–16%)27 compared with
rates following coronary angioplasty are generally low.
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Fig. 1: Left: left common carotid digital subtraction arteriogram (lateral neck view) showing severe stenosis of the internal
carotid artery (arrow). Centre: unsubtracted lateral view of the neck, showing stent deployment (arrow). Right: left common
carotid digital subtraction arteriogram (lateral view) post-angioplasty and stenting, showing excellent re-expansion of the inter-
nal carotid artery.



This may relate to differences in surface exposure and tis-
sue response between elastic (i.e., carotid) and muscular
(i.e., coronary) arteries after balloon dilatation. Acute
platelet deposition and chronic neointimal proliferation
have been shown to be much greater in coronary vessels.28

Surgeons have recommended caution be exercised when
CAS is being considered.29–33 The quality of many of the
CAS studies has been criticized, in that they are uncon-
trolled retrospective case series from single institutions.
There is also concern that a very heterogeneous group of
individuals unfamiliar with the management of cerebrovas-
cular disease might be attracted to this relatively simple
procedure.33 The theoretical appeal of easily dilating the
carotid artery has been tempered by the idea that “it simply
does not seem safe to balloon [dilate] a lesion containing
hemorrhagic, ulcerative or necrotic components because
thromboembolic events may be inevitable and complica-
tions devastating.”34 Long-term patency rates and effects of
stent fatigue are still unknown, and the difficulties of surgi-
cal repair of restenosis after CAS have only recently been
described.35

The true incidence of embolic events during angioplasty
may be underestimated. Using transcranial Doppler moni-
toring during carotid procedures Jordan and colleagues de-
tected numerous microemboli during catheter and balloon
manipulation36,37 and estimated that the rate of microemboli
with CAS may be up to 8 times the rate associated with
CEA36 (Fig. 2). A recent review of 53 CAS procedures per-
formed in a group of high-risk patients ineligible for surgery
reported a 15% perioperative rate of stroke and death.38

The safety of CAS over that of CEA has thus been chal-
lenged by Jordan and colleagues,39,40 who retrospectively an-
alyzed outcomes of 312 patients who underwent CAS and
121 who had CEA performed under local or regional anes-
thesia. The stroke and death rate for the CAS group was
9.7%, and 32.6% of the patients needed additional moni-
toring for cardiopulmonary complications. In the CEA
group the stroke and death rate was 0.9%, and 17.4% re-

quired additional monitoring.39 The cost advantage of CAS
over CEA was also challenged after hospital charges for
the 2 procedures were compared (average total charges for
CAS patients, US$24 848 and for CEA patients,
US$19247).41

The design of the CAVATAS trial, the largest prospec-
tive comparison of CAS and CEA, has been criticized be-
cause patient entry appeared to be selective and nonconsec-
utive.42 Patients were included or excluded on the basis of
angiographic stenosis morphology, associated medical con-
ditions or local experience with each procedure. However,
results of the trial to date22 indicate that carotid surgery and
angioplasty are equivalent in safety and efficacy but that an-
gioplasty has advantages with respect to nerve injury and
cardiac complications.

The future

Answers to the questions surrounding the benefits of
CAS lie in prospective, multicentre, randomized controlled
trials. These has long been called for,7,15,30,43 and some be-
lieve that, until the trials are conducted, the procedure
should only be performed as part of a rigid research proto-
col.29,31,44,45 Accordingly, the US Food and Drug Administra-
tion is withholding approval for the use of stents in carotid
arteries, and the US Health Care Finance Administration
does not currently provide reimbursement for CAS.

The Carotid Revascularization Endarterectomy versus
Stent Trial (CREST) comparing CEA and CAS has re-
cently been funded by the US National Institutes of
Health.46 The primary goal of this trial is to assess the rela-
tive clinical efficacy of the 2 procedures. In addition, the
following will be assessed:

•  differential efficacy among men and women
•  preprocedural and postprocedural morbidity
•  restenosis rates
•  differences in quality of life and cost effectiveness
•  subgroups of patients at differential risk
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Fig. 2: Perfusion-weighted MRI, post-angioplasty and stenting, showing focal high-signal abnormalities consistent with acute in-
farcts in the left hemisphere (arrows). The patient was asymptomatic.



Approximately 2200 patients with symptomatic neuro-
logic events and severe (> 70%) carotid stenosis will be ran-
domized to either CAS or CEA over 3 years; 40 North
American centres have agreed to participate to date, and it
is anticipated that the study will take 5 years to complete.
Until the results of this and other trials become available,
CAS should be reserved for patients with significant med-
ical contraindications to surgery. CEA is still the only pro-
cedure that has been clearly shown to reduce the risk of
stroke in symptomatic patients with severe carotid stenosis.
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