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ABSTRACT■■

So far, angioplasty with stenting of the carotid arteries 
does not seem to offer any clear advantage over tradi-
tional carotid endarterectomy for patients with symp-
tomatic or asymptomatic stenosis. This paper reviews 
recent and ongoing studies of carotid revascularization, 
with conclusions on how these treatments should be 
used, based on what we know now.

KEY POINTS■■

In patients with asymptomatic carotid stenosis greater 
than 60% or symptomatic carotid stenosis greater than 
50%, carotid endarterectomy has been proven to be 
superior to medical therapy alone.

In clinical trials, carotid stenting did not appear to have a 
clear advantage over endarterectomy in patients at aver-
age surgical risk.

Stenting may be most advantageous when used in pa-
tients with symptomatic carotid stenosis who would be 
at high risk of perioperative complications if they were 
to undergo carotid endarterectomy.

W hether carotid stenting has 
any advantage over carotid surgery 

(endarterectomy)—and for which patients—is 
still a topic of study and debate.
 Treatment of carotid atherosclerosis and 
stenosis is important in preventing stroke and 
its comorbidities. Today, three main treatments 
exist: medical management (lipid-lowering, 
antihypertensive, and antiplatelet therapy), 
surgery, and, more recently, carotid angio-
plasty and stenting. The rationale for these 
treatments is to decrease the risk of cerebral 
infarction by stabilizing or removing plaque 
and improving blood flow.
 Surgery has proven beneficial in patients 
with symptomatic carotid stenosis greater than 
50% or asymptomatic stenosis greater than 
60%, but it is risky in some patients. Stenting 
has evolved in part from the success of surgery 
and the need for alternative treatments for 
patients who are at unacceptable risk of peri-
operative complications. However, it does not 
have a clear advantage over surgery in patients 
at average risk. Further, its use in patients with 
asymptomatic stenosis of any severity is still 
controversial.
 In this paper we review the major trials of 
carotid endarterectomy and stenting and sum-
marize what we know today about who should 
undergo these therapies.

NOT ALL STROKES ARE DUE   ■
TO CAROTID ATHEROSCLEROSIS

Depending on the institution’s referral pat-
tern and population served, between 80% and 
90% of strokes are ischemic (the rest being 
hemorrhagic).1 Atherosclerosis of large arteries 
(typically defined as more than 50% stenosis of 
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a major brain artery or branch cortical artery2) 
is just one cause of ischemic stroke, but it is 
an important one. Other identifiable causes of 
ischemic stroke include cardioembolism and 
small-artery occlusion (lacunar stroke), and 
some cases are idiopathic.
 Large-artery atherosclerotic disease can 
damage the brain gradually, with carotid steno-
sis resulting in hypoperfusion and subsequent 
cerebral infarction. More commonly, how-
ever, the carotid plaque often seen in large-
artery atherosclerotic disease can ulcerate and 
occlude the vessel acutely or generate platelet 
aggregates that may embolize, resulting in ce-
rebral infarction or transient ischemic attack.
 In the Lausanne Stroke Registry,3 the rate 
of ischemic stroke in patients with a greater 
than 50% large-artery stenosis ranged from 
27% in 1979 to 17% in 2003, the decline like-
ly being due to therapeutic advances.

SURGERY BEATS MEDICAL THERAPY   ■
FOR CAROTID ATHEROSCLEROSIS

Four landmark trials provided substantial evi-
dence that carotid endarterectomy is better 
than medical management in patients with 
symptomatic or asymptomatic high-grade 
stenosis. These trials indirectly paved the way 
for carotid stenting.

The North American Symptomatic Carotid 
Endarterectomy Trial (NASCET)
Patients at 50 clinical centers who had had a 
hemispheric or retinal transient ischemic at-
tack or a nondisabling stroke were randomized 
to undergo surgery (carotid endarterectomy) 
or no surgery. All patients received maximal 
medical management consisting of blood pres-
sure control, lipid management if indicated, 
and antiplatelet therapy with aspirin. At base-
line, 37% of patients were taking 650 mg or 
more of aspirin per day, and 11% were taking 
less than 325 mg per day. The patients were 
stratified into two prespecified groups on the 
basis of the severity of carotid stenosis: those 
with narrowing of 30% to 69% and those with 
narrowing of 70% to 99%.
 Results in high-grade stenosis. In August 
1991, the investigators published their re-
sults in patients with symptomatic high-grade 
(70%–99%) stenosis.4 Surgical treatment was 

more beneficial than medical management 
alone: the cumulative risk of any ipsilateral 
stroke at 2 years was 26% in the medical group 
and 9% in the surgical group, an absolute risk 
reduction of 17%. The benefit of endarterec-
tomy was still apparent at 8 years of follow-
up.5

 Results in moderate stenosis. In 1998, 
the investigators published their results in pa-
tients with symptomatic moderate (< 70%) 
stenosis.5 Surgery was more beneficial than 
medical therapy in this subgroup as well: at 5 
years, the rate of any ipsilateral stroke in pa-
tients with 50% to 69% stenosis was 15.7% 
in those treated surgically and 22.2% in those 
treated medically (P = .045). In patients with 
less than 50% stenosis, the 5-year stroke rate 
was not significantly lower with endarterec-
tomy than with medical therapy.

The European Carotid Surgery Trial (ECST)
The ECST,6 published in 1998, corroborated 
the NASCET findings. This multicenter, ran-
domized, controlled trial enrolled 3,024 pa-
tients with symptoms of at least one transient 
ischemic attack in the distribution of one or 
both carotid arteries.
 Results. In patients with stenosis of great-
er than 80% (60% by the NASCET criteria 
for calculating angiographic stenosis), the 
frequency of major stroke or death at 3 years 
was 26.5% in the control group and 14.9% in 
the surgery group, an absolute difference of 
11.6%.

The Endarterectomy for Asymptomatic 
Carotid  Artery Stenosis (ACAS) trial
The NASCET and ECST studies made it 
clear that select groups of patients with symp-
tomatic carotid stenosis benefit from carotid 
endarterectomy. But what about patients with 
stenosis but no prior stroke?
 The ACAS trial aimed to find out.7 In this 
pivotal study, 1,662 patients with asymptomat-
ic carotid artery stenosis greater than 60% were 
randomized to receive either medical therapy 
alone or medical plus surgical therapy.
 Results were published in 2004. After a 
median follow-up of 2.7 years, the aggregate 
5-year risk of ipsilateral stroke, any periopera-
tive stroke, or death was estimated to be 5.1% 
in the surgical group and 11.0% in the medi-

For surgery to 
be beneficial, 
the rate of 
serious compli-
cations has to 
be < 3%, and 
the expected 
patient survival 
≥ 5 years
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cal group, a relative risk reduction of 53%. 
However, for surgery to be beneficial, the 
rate of perioperative death and other serious 
complications had to be less than 3%, and the 
expected patient survival had to be at least 5 
years.
 Of note, the benefit of carotid endarterec-
tomy in this study was predominantly in men, 
with less of a benefit for women and diabetic 
patients. Furthermore, even though endarter-
ectomy was beneficial in this asymptomatic 
cohort, the overall benefit in terms of stroke 
risk reduction was small compared with that 
in NASCET and ECST, in which patients 
had symptomatic disease.

The Asymptomatic Carotid Surgery Trial 
(ACST)
In this European version of ACAS, published 
in 2004, 3,120 patients with asymptomatic 
carotid narrowing on ultrasonography were 
randomized to undergo surgery or medical 
therapy.
 Results. The risk of stroke or death within 
30 days of carotid endarterectomy was 3.1%. 
In patients younger than 75 years who had 
carotid narrowing of 70% or more, immedi-
ate surgery decreased the net 5-year stroke risk 
from 12% to 6%.8

WHO SHOULD NOT UNDERGO  ■
CAROTID ENDARTERECTOMY?

From these studies, we can conclude that pa-
tients with symptomatic carotid stenosis of 
50% or greater and patients with asymptom-
atic stenosis of 60% or greater benefit from 
carotid endarterectomy, but only if the peri-
operative rate of death and other serious com-
plications is less than 3%.7

 What are the risk factors for complications 
during this surgery? In 2006, Cremonesi et al,9 
in a consensus paper, defined patients as being 
at high risk if they had any of the following:

Contralateral laryngeal nerve palsy•	
Radiation therapy to the neck•	
Previous carotid endarterectomy with re-•	
current stenosis
Lesions high in the cervical internal carot-•	
id artery or below the clavicle in the com-
mon carotid artery
Severe tandem lesions•	

Age greater than 80 years•	
Severe pulmonary disease•	
Congestive heart failure (New York Heart •	
Association class 3 or 4) or known severe 
left ventricular dysfunction
Open heart surgery needed within 6 weeks•	
Myocardial infarction within the past 4 •	
weeks
Unstable angina•	
Contralateral carotid occlusion.•	

 Could endovascular treatment be the an-
swer for these patients at high risk who should 
not undergo carotid endarterectomy? Indeed, 
the procedure is being studied extensively and 
performed more frequently. We summarize the 
major studies below.

STUDIES OF CAROTID STENTING  ■
VS ENDARTERECTOMY

The Carotid and Vertebral Artery 
Transluminal Angioplasty Study (CAVATAS)
This study, published in 2001,10 was the first 
randomized, multicenter trial to compare the 
risks and benefits of endovascular treatment 
(angioplasty with or without stenting) of ca-
rotid and vertebral artery stenosis with those 
of conventional surgery.
 To be included, patients had to have ca-
rotid artery stenosis (symptomatic or asymp-
tomatic) that was suitable for either carotid 
endarterectomy or endovascular treatment. 
Patients were not grouped on the basis of the 
severity of their stenosis, but the mean steno-
sis in randomized patients was 86%.
 A total of 504 patients were enrolled, of 
whom 251 were randomized to undergo en-
dovascular treatment. Most patients in this 
group underwent angioplasty alone, but 26% 
also received stents because of suboptimal ves-
sel dilatation or at the discretion of the inter-
vening physician.
 The primary end point was any disabling 
stroke or death. Secondary end points were 
any ipsilateral stroke lasting longer than 7 days 
and the combination of death or disabling ip-
silateral stroke.
 The results showed no significant differ-
ence between endovascular treatment and 
surgery in any of these end points at 3 years. 
However, the overall rates of procedural stroke 
and death were nearly double those seen in 

Whether 
embolic 
protection 
devices reduce 
periprocedural 
stroke rates 
remains to be 
seen
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NASCET and ECST. The investigators could 
not determine the reason for this higher risk, 
but they hypothesized that CAVATAS includ-
ed patients at higher risk.
 The restenosis rate was higher in the en-
dovascular therapy group (14%) than in the 
surgery group (4%; P < .001). On the other 
hand, the surgery group had a higher rate of 
minor complications, including cranial nerve 
palsies and neck hematomas.

Carotid Revascularization With 
Endarterectomy or Stenting Systems (CARESS)
This prospective, multicenter, phase 2 trial, 
published in 2003, compared the outcomes 
of standard carotid endarterectomy vs carotid 
artery stenting using distal embolic protec-
tion devices.11 All the patients in this study 
had at least 50% symptomatic stenosis or 75% 
asymp tomatic stenosis.
 Results. At 30 days, 7 (2.4%) of 254 pa-
tients in the endarterectomy group had had 
strokes, and one of the 7 patients with stroke 
died, so the combined rate of stroke or death 
(the primary end point) was 2.4%. In the 
stenting group, 3 (2.1%) of 143 patients had 
strokes and no patients died. Overall, there 
was no significant difference in the composite 
of death, stroke, or myocardial infarction (the 
secondary end point): 3% for carotid endart-
erectomy and 2% for stenting patients.

The Stenting and Angioplasty With Protection 
in Patients at High Risk for Endarterectomy 
(SAPPHIRE) trial
In this trial,12 published in 2004, patients had 
to have either symptomatic carotid disease 
with 50% stenosis or greater or asymptomat-
ic stenosis of 80% or greater, determined by 
ultrasonography. Further, all patients had to 
have at least one comorbid condition that in-
creased their perioperative risk. Up until this 
point, no trial had strictly defined patients at 
increased risk for complications after carotid 
endarterectomy and assessed subsequent out-
comes. The risk factors included severe cardi-
ac or pulmonary disease, age greater than 80, 
postendarterectomy carotid stenosis, previous 
neck surgery, previous neck radiation, con-
tralateral recurrent laryngeal nerve palsy, and 
contralateral carotid occlusion.
 Patients were randomized to undergo ca-

rotid artery stenting with distal protection or 
carotid endarterectomy.
 The primary end points of this study were 
the cumulative incidence of major cardiovas-
cular events at 1 year; death, stroke, or myo-
cardial infarction within 30 days of interven-
tion; and ipsilateral stroke between 31 days 
and 1 year. Secondary outcomes measured 
were the rates of target-vessel recanalization 
at 1 year, cranial nerve palsy, and surgical site 
complications.
 Results. The rate of stroke or death was 
similar in both groups. The stenting group had 
fewer adverse cardiac events (mainly non-Q- 
wave myocardial infarction) than the surgery 
group. At 1 year the rate of major ipsilateral 
stroke was 3.3% in the endarterectomy group 
vs 0% in the stenting group (the difference 
was not significant), and the cardiovascular 
event rates continued to be higher in the en-
darterectomy group.
 The investigators noted that myocardial in-
farction was included as a primary end point 
because patients with atherosclerotic vascular 
disease who undergo either stenting or endar-
terectomy are at a substantial risk of myocar-
dial infarction, and a Q-wave or a non-Q-wave 
myocardial infarction in the perioperative pe-
riod increases the risk of future complications 
and death. A perioperative non-Q-wave infarc-
tion increases the risk of death by a factor of 6 
and increases the risk of myocardial infarction 
by a factor of 27 in the subsequent 6 months.
 Overall, this study presents evidence that 
stenting, using distal embolic protection de-
vices, is not inferior to endarterectomy and 
has fewer cardiovascular complications in pa-
tients who have at least one risk factor.

The Endarterectomy Versus Stenting 
in Patients With Symptomatic Severe 
Carotid Stenosis (EVA-3S) study
This recent multicenter, randomized study13 
was designed to determine if stenting is as good 
as (not inferior to) carotid endarterectomy in 
patients with  symptomatic carotid stenosis of 
at least 60%. The primary end point was to 
be the incidence of stroke or death within 30 
days after treatment. However, the trial was 
stopped early after the inclusion of 527 pa-
tients for reasons of safety and futility.
 Results. The 30-day incidence of any 

SAPPHIRE:  
Stenting was 
not inferior to 
surgery in high-
risk patients
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stroke or death was higher in the stenting 
group (9.6% vs 3.9%). The relative risk of 
any stroke or death after stenting as compared 
with endarterectomy was 2.5. The 30-day in-
cidence of disabling stroke or death was also 
higher in the stenting group (3.4% vs 1.5%; 
relative risk 2.2). At 6 months, the incidence 
of any stroke or death was 6.1% after endart-
erectomy and 11.7% after stenting (P = .02). 
There was a trend toward more major local 
complications after stenting and systemic 
complications after endarterectomy. Cranial-
nerve injury was more common after endar-
terectomy than after stenting (as expected). 
Overall, death and stroke rates were lower at 
1 month and 6 months with endarterectomy 
than with stenting.

The Stent-Protected Angioplasty Versus 
Carotid Endarterectomy (SPACE) trial
This randomized, multicenter study,14 pub-
lished in 2006, was also designed to compare 
the safety and efficacy of carotid stenting and 
endarterectomy. Some 1,200 patients with 
symptomatic carotid artery stenosis confirmed 
by ultrasonography were randomly assigned 
within 180 days of a transient ischemic attack 
or moderate stroke to undergo carotid artery 
stenting (n = 605) or carotid endarterectomy 
(n = 595). The primary end point was ipsilat-
eral ischemic stroke or death 30 days after the 
procedure. A total of 1,183 patients were in-
cluded in the analysis.
 Results. The rate of the primary end point 
was 6.84% with stenting and 6.34% with en-
darterectomy. The study failed to prove the 
noninferiority of carotid artery stenting com-
pared with carotid endarterectomy for the 
periprocedural complication rate. Results at 6 
to 24 months are awaited.

The Carotid Revascularization Endarterectomy 
Versus Stenting (CREST) trial
Perhaps the most anxiously awaited results 
are those of the CREST trial,15 funded by the 
National Institutes of Health. This is a pro-
spective, randomized, parallel, two-arm, mul-
ticenter clinical trial with blinded end point 
evaluation. Anticipated enrollment will in-
clude 2,500 patients. Patients are eligible for 
enrollment if they have symptoms of carotid 
stenosis within 180 days of a stroke or tran-

sient ischemic attack with ipsilateral carotid 
stenosis of at least 50% by angiography (70% 
by ultrasonography), or if they have asymp-
tomatic carotid stenosis of at least 60% by an-
giography (70% by ultrasonography).
 Patients are being randomized to under-
go either carotid artery stenting or carotid 
endarterectomy. All receive aspirin as anti-
platelet therapy, treatment for hypertension, 
and management of other stroke risk factors. 
Follow-up will last 4 years, with clinic visits 
at 1, 6, 12, 18, 24, 30, 36, 42, and 48 months. 
Primary outcome measures will be rates of 
death, stroke, or myocardial infarction at 30 
days postoperatively, and ipsilateral stroke at 
30 days postoperatively.
 As of February 2007, 1,506 patients had 
been enrolled and 1,453 had been randomized 
at 94 sites in North America.

MEDICAID AND MEDICARE  ■
NOW PAY FOR THESE THERAPIES

An important practical consideration for pa-
tients and physicians is whether Medicaid and 
Medicare will pay for these therapies.
 In July 2001, Medicare began to cover 
percutaneous transluminal angioplasty of the 
carotid artery with concurrent stent place-
ment, when furnished in accordance with US 
Food and Drug Administration (FDA) proto-
cols governing Category B (nonexperimental) 
investigational device exemption clinical tri-
als.16 Angioplasty of the carotid artery, when 
provided solely for the purpose of carotid ar-
tery dilation concurrent with carotid stent 
placement, is considered to be a reasonable 
and necessary service when provided in the 
context of clinical trials.
 In March 2005, Medicare began to provide 
coverage for percutaneous transluminal angio-
plasty of the carotid artery concurrent with 
the placement of an FDA-approved carotid 
stent with embolic protection for the follow-
ing groups of patients:

Those who would be at high risk during •	
carotid endarterectomy and who also have 
symptomatic carotid artery stenosis of 70% 
or greater. Coverage is limited to proce-
dures performed using FDA-approved ca-
rotid artery stenting systems and embolic 
protection devices.

Medicare now 
covers carotid 
stenting, with 
limitations
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 As noted above, Medicare and Medicaid 
will only cover carotid stenting if the stent 
system is FDA-approved, with concomitant 
use of a distal embolic protection device. 
However, in view of conflicting data from 
stenting trials to date, including EVA-3S13 and 
SPACE,14 it remains to be seen if emboli pro-
tection devices significantly reduce periproce-
dural stroke rates. The FDA recommends that 
if it is not technically possible to use one of 
these devices, then the procedure should be 
aborted due to safety issues.
 These coverage decisions are an important 
practical aspect of carotid stenting and they 
should be familiar to physicians when they see 
and refer patients with carotid disease.

WHAT CAN WE SAY AT THIS POINT? ■

Given the multiple recent and ongoing tri-
als of stenting vs endarterectomy in carotid 
stenosis, debate continues as to what the role 
of stenting will be in the future. What can we 
say at this point?
 In patients with asymptomatic carotid 
stenosis of greater than 60% or symptomatic 

carotid stenosis of greater than 50%, carotid 
endarterectomy has been proven to be supe-
rior to medical therapy alone.
 The efficacy and safety of carotid stent-
ing compared with carotid endarterectomy is 
still uncertain. In the trials reviewed above, 
carotid stenting did not appear to have a clear 
advantage over endarterectomy in patients at 
average surgical risk. Stenting may be most ad-
vantageous when used in patients with symp-
tomatic carotid stenosis who would be at high 
operative risk, as indicated by the SAPPHIRE 
trial.
 In patients with severe but asymptomatic 
carotid stenosis who are at high operative risk, 
the addition of carotid angioplasty and stent-
ing to maximum medical therapy remains 
controversial. The periprocedural complica-
tion rate in these patients may actually exceed 
the rate of stroke in asymptomatic patients 
with greater than 60% stenosis who do not 
undergo stenting or surgery. In addition, sub-
group analyses of patients with 70% to 99% 
symptomatic stenosis in various trials show 
that surgical benefit is greater in men than 
in women, and it remains to be seen whether 
there is any benefit in women with moderate 
stenoses, asymptomatic lesions, or both.17

 Further experience and study are needed, 
and the results of the Carotid Stenting vs 
Surgery of Severe Carotid Artery Disease and 
Stroke Prevention in Asymptomatic Patients 
(ACT I) study (comparing stenting and sur-
gery in asymptomatic carotid stenosis), and the 
ongoing CREST trial (comparing stenting and 
surgery in symptomatic and asymptomatic ca-
rotid stenosis) are eagerly awaited. Until then, 
clinicians should continue to weigh individual 
patient risks and benefits when referring pa-
tients for surgical treatment of carotid athero-
sclerotic disease. Regardless of whether surgery 
is undertaken, maximal medical therapy with 
the use of antiplatelet agents, blood pressure 
control, and statin therapy remains the main-
stay of treatment.	 ■
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