
Technology Evaluation Center

BlueCross
BlueShield
Association

® ®

An Association
of Independent
Blue Cross and
Blue Shield Plans

©2007 Blue Cross and Blue Shield Association. Reproduction without prior authorization is prohibited. 1

NOTICE OF PURPOSE: TEC Assessments are scientific opinions, provided solely for informational purposes. TEC Assessments  
should not be construed to suggest that the Blue Cross Blue Shield Association, Kaiser Permanente Medical Care Program or the  
TEC Program recommends, advocates, requires, encourages, or discourages any particular treatment, procedure, or service; any 
particular course of treatment, procedure, or service; or the payment or non-payment of the technology or technologies evaluated.

Assessment 
Program
Volume 22, No. 1
June 2007

Executive Summary

Background
Atherosclerotic lesions in the cervical carotid artery can result in luminal narrowing (stenosis) and 
increase the risk of disabling or fatal ischemic stroke—carotid endarterectomy (CEA) can diminish 
this risk. However, even in the best hands, the CEA is accompanied by periprocedural complications. 
Whether a patient ultimately accrues a net health benefit from CEA is based primarily on: magnitude 
of risk reduction accompanying CEA, periprocedural risk (stroke/death rate), expected event rate 
with best medical therapy alone, and the patient’s anticipated life expectancy. Results from several 
large multicenter trials have established periprocedural stroke/death rates accompanied by a net 
health benefit and recommended life expectancy:

Symptoms % Stenosis
Acceptable Periprocedural 
Stroke/Death Rate

Recommended Anticipated 
Life Expectancy

No 60–99% <3% ≥5 years

Yes 50–69% <6% ≥5 years

70–99% <6% ≥2 years

A potential alternative to CEA is carotid angioplasty and stenting (CAS) used with an embolic protec-
tion device (EPD)—particularly for patients with increased medical or anatomic risk. If CAS and CEA 
are equally safe and effective given similar patient characteristics and can be performed with peri-
procedural stroke/death rates accompanied by a net health benefit, then CAS is an alternative to CEA. 
CAS could also be superior to CEA, particularly under some conditions, such as inaccessible lesions 
or adverse anatomic conditions.

Objective
To review and evaluate available evidence concerning outcomes of CAS with EPD alone and  
compared to alternatives (CEA and best medical therapy) for reducing stroke risk in patients with 
carotid artery stenosis. The Assessment specifically seeks the following evidence:
1. Can CAS be performed with periprocedural stroke/death rates established as clinically acceptable 

and associated with an overall net health benefit among symptomatic and asymptomatic patients at: 
a) average medical and anatomic risk, b) increased medical risk, and c) increased anatomic risk?1

2. How do CAS, CEA, and best medical therapy compare in each of the above subgroups? 

Angioplasty and Stenting of 
the Cervical Carotid Artery 
with Embolic Protection of the 
Cerebral Circulation

1 There is theoretically a fourth group at increased anatomic and medical risk, but anatomic risk is presumed to be of greater  
clinical importance.
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Search Strategy 
MEDLINE® was searched (via PubMed) for articles indexed under the MeSH® headings “stents” 
AND “carotid artery diseases” OR “carotid stenosis” from 1994 through April 2007 and was limited 
to articles published in English that reported on human subjects. 

Selection Criteria
Randomized, controlled trials and prospective registries with predefined endpoints and  
inclusion/exclusion criteria published in peer-reviewed journals. 

Main Results
Three randomized, controlled trials compared CAS directly to CEA (with best medical therapy) 
using a noninferiority approach. The “Stent-Protected Angioplasty versus Carotid Endarterectomy” 
(SPACE) and “Endarterectomy versus Angioplasty in Patients with Symptomatic Severe Carotid 
Stenosis” (EVA-3S) trials enrolled average-risk symptomatic patients (≥50% and 60–99% steno-
sis, respectively), while the “Stenting and Angioplasty with Protection in Patients at High Risk 
for Endarterectomy” trial (SAPPHIRE) enrolled symptomatic (≥50% stenosis) and asymptomatic 
(≥80% stenosis) patients at increased medical or anatomic risk—stratifying randomization accord-
ing to the presence or absence of symptoms. None of the trials met targeted enrollments. 

SPACE and EVA-3S were terminated early: SPACE due to lack of funding and a larger-than-antici-
pated projected sample size; EVA-3S for reasons of safety and futility. Neither demonstrated nonin-
feriority. Periprocedural stroke/death rates with CAS in both trials exceeded those established as 
clinically acceptable and associated with an overall net health benefit in symptomatic patients: in 
SPACE, 7.7% (95% CI: 6.1–9.7); in EVA-3S, 9.6% (95% CI: 6.4–14.0).

SAPPHIRE found CAS noninferior to CEA for a composite primary endpoint of stroke, death or 
myocardial infarction (MI). The dominant difference between arms was MI occurrence—almost 
all non-Q wave. Few symptomatic patients were enrolled (≤50 in each arm). The 5.1% (95% CI: 
2.4 to 10.7) and 3.3% (95% CI: 1.3 to 8.2) periprocedural stroke rates among asymptomatic CAS 
and CEA patients, respectively, and exceeded the 3% stroke/death rate established as clinically 
acceptable and associated with an overall net health benefit in asymptomatic patients. 

Publications from 7 registries and the lead-in phase of CREST (Carotid Revascularization 
Endarterectomy vs. Stent Trial) reported outcomes after CAS with EPD (6,712 patients). All 
enrolled symptomatic and asymptomatic patients. Six registries enrolled patients at increased  
risk. Three registries enrolling patients at increased medical or anatomic risk reported  
30-day periprocedural complication rates according to the presence or absence of symptoms  
that exceeded those established as clinically acceptable and associated with an overall net  
health benefit following CEA: 

Periprocedural Outcomes in 3 Registries Enrolling Increased-Risk Patients  

Symptoms Stroke Stroke/Death/MI

Symptomatic 7.4% to 10.9% 7.9% to 12.1%

Asymptomatic 3.4% to 3.8% 5.0% to 5.4%

A single registry reported a 3.9% periprocedural stroke/death/MI rate for patients with or  
without symptoms at increased anatomic risk. Interim results from the CREST lead-in phase 
enrolling average-risk patients reported 30-day stroke/death rates following CAS in symptomatic 
and asymptomatic patients of 5.7% and 3.7%, respectively. 

The lack of outcomes clearly distinguished according to factors increasing medical risk or  
anatomic risk hinders interpreting the evidence—both from trials and registries. No studies  
comparing CAS to current best medical therapy were identified. 
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Author’s Conclusions and Comments
Available evidence does not support concluding that CAS is performed with acceptable periproce-
dural stroke/death rates for symptomatic or asymptomatic patients, that it provides a net health 
benefit to patients at increased medical risk, or that it is equally effective as CEA. There is a  
clinical rationale and limited evidence suggesting CAS may be beneficial in the group of patients 
at increased anatomic risk; however, current evidence has not clearly differentiated outcomes for 
this subgroup according to symptomatic status. 

Based on the available evidence, the Blue Cross and Blue Shield Association Medical Advisory 
Panel (MAP) made the following judgments about whether carotid artery angioplasty and  
stenting (CAS) with or without distal embolic protection (EPD) meets the Blue Cross and Blue 
Shield Association Technology Evaluation Center (TEC) criteria to reduce stroke risk from  
symptomatic or asymptomatic carotid stenosis.

1. The technology must have final approval from the appropriate governmental  
regulatory bodies.

CAS with or without EPD is a procedure and thus does not require U.S. Food and Drug 
Administration (FDA) approval. However, the devices used for CAS and for EPD require FDA 
approval. As of this writing, five manufacturers’ stents are FDA approved and indicated specifi-
cally for use in carotid arteries. The FDA has mandated postmarketing studies for these devices, 
including longer follow-up for patients already reported to the FDA, and additional registry studies 
primarily to compare outcomes as a function of clinician training and facility experience. The 
devices are indicated for combined use of a stent and EPD to reduce stroke risk in patients at 
increased risk for perioperative complications from CEA who are symptomatic with ≥50% stenosis 
or asymptomatic with >80% stenosis. CAS with these devices for patients outside these indications 
is an off-label use.

2. The scientific evidence must permit conclusions concerning the effect of the technology 
on health outcomes.

Available evidence permits conclusions regarding periprocedural complication rates (particu-
larly stroke or death) following CAS in patients of average risk and increased medical risk. 
Periprocedural stroke/death rates surpassed those established as clinically acceptable and associ-
ated with an overall net health benefit following CEA. There is limited evidence and a clinical 
rationale to suggest CAS may be beneficial in the group of patients at increased anatomic risk,  
but present evidence has not clearly differentiated outcomes for this subgroup according to  
symptomatic status. Thus, there is insufficient evidence to draw conclusions regarding patients  
at increased anatomic risk. 

A number of large ongoing trials will yield more evidence in the near future (e.g., “Carotid 
Revascularization Endarterectomy versus Stent Trial” [symptomatic and asymptomatic]; 
“International Carotid Stenting Study” [symptomatic]; and the “Asymptomatic Carotid Surgery 
Trial,” ACT-1).

3. The technology must improve the net health outcome.

Available evidence does not support concluding that CAS with EPD improves the net health 
outcome among patients at average or increased medical risk. Evidence regarding patients at 
increased anatomic risk is suggestive of benefit, but insufficient to draw conclusions. 

4. The technology must be as beneficial as any established alternatives.

Available evidence does not support concluding that CAS with or without EPD is as beneficial as 
CEA for symptomatic patients at average risk or increased medical risk. Whether CAS with EPD 
is as beneficial as CEA for asymptomatic patients at average medical or anatomic risk cannot be 
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determined because available evidence is insufficient to permit conclusions. There is no  
evidence comparing best medical therapy for symptomatic or asymptomatic patients at increased  
medical or anatomic risk, preventing conclusions. 

5. The improvement must be attainable outside the investigational settings.

Whether CAS with EPD improves health outcomes has not yet been demonstrated in the  
investigational setting.

Based on the above, use of carotid artery angioplasty and stenting with or without embolic  
protection of the cerebral circulation for patients with carotid artery stenosis does not meet  
the TEC criteria.

Published in cooperation with Kaiser Foundation Health Plan and  
Southern California Permanente Medical Group.
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Assessment Objective

Atherosclerotic lesions in the cervical carotid 
artery can result in luminal narrowing (steno-
sis) and increase the risk of disabling or fatal 
ischemic stroke—carotid endarterectomy (CEA) 
can diminish this risk. In the 1990s, results 
reported from pivotal randomized, controlled 
trials comparing CEA with the best available 
medical therapy to best medical therapy alone 
established the benefit of CEA. These trials 
further defined the efficacy of CEA accord-
ing to the presence or absence of neurologic 
symptoms, degree of stenosis, and procedural 
expertise required to improve net health 
outcome (North American Symptomatic Carotid 
Endarterectomy Trial [NASCET] Collaborators/
Steering Committee 1991a, 1991b; European 
Carotid Surgery Trial [ECST] Collaborative 
Group 1991; Barnett et al. 1998; European 
Carotid Surgery Trial [ECST] Collaborative 
Group 1998; Mayberg et al. 1991; ACAS 
Executive Committee 1995; Hobson et al.  
1993; Halliday et al. 2004). 

The results, trial protocols (e.g., inclusion and 
exclusion criteria, required surgeon skill), 
further analyses, and subsequent studies have 
delineated the factors influencing CEA outcome 
and whether the benefit of surgery ultimately 
outweighs its risks, including: 
 
■ Patient-related factors

– Whether a patient is symptomatic  
or asymptomatic

– Degree of carotid stenosis
– Medical risks (e.g., surgical and  

anesthesia risk)
– Anatomic risks (e.g., prior carotid endar-

terectomy, radiation therapy to neck, high 
lesion, spinal immobility, contralateral 
recurrent laryngeal nerve paralysis)

■ Procedure-related factors
– Surgeon skill
– Facility experience 
– Type of anesthesia: local/regional versus 

general anesthesia

Whether a patient ultimately accrues a net 
health benefit from CEA is based primarily on 
4 factors: 

1. Magnitude of risk reduction  
accompanying CEA

2. Perioperative (periprocedural) risk 

3. Expected event rate with best medical 
therapy alone

4. Patient’s anticipated life expectancy

Levels of acceptable periprocedural stroke/death 
rates and anticipated life expectancy are based on 
risk reduction achieved with CEA in pivotal trials, 
trial duration, and event rates with best medical 
therapy alone (Tables 1 and 2).

Excluded from pivotal trials were individu-
als judged unlikely to benefit from CEA due 
to increased perioperative risk (e.g., recent 
myocardial infarction [MI] or surgery) or 
limited anticipated life expectancy (<5 years) 
(for example, Appendix Table A details inclu-
sion/exclusion criteria for NASCET). Due to 
improved surgical and anesthetic techniques, 
some patients not meeting inclusion criteria  
for those pivotal trials may now undergo CEA 
with acceptable periprocedural risk (Gasparis  
et al. 2003).

A potential alternative to CEA is carotid angio-
plasty and stenting (CAS)—particularly for 
patients who would have been ineligible for the 
pivotal CEA trials. Not requiring open access 
to the atherosclerotic lesion, CAS could pose 
less risk—particularly under certain conditions, 
such as patients whose anatomy is not condu-
cive to CEA. That CAS poses less anesthetic 
risk presumes CEA is performed under general 
as opposed to local or regional anesthesia. If 
the interventions are equally safe and effective 
given similar patient characteristics, anesthetic 
approach, and can be performed with accept-
able periprocedural stroke/death rates, then 
CAS is an alternative to CEA. CAS may also be 
superior to CEA, particularly under some con-
ditions (e.g., inaccessible or judged increased 
risk because of adverse anatomic conditions). 

Figure 1 graphically depicts determinants of 
patient- and procedure-related risks (CAS or 
CEA) and benefit. 

Because the U.S Food and Drug Administration- 
(FDA-) approved indications for carotid stents 
stipulate use with embolic protection devices 
(EPD) to trap thromboemboli dislodged during 
the procedure, this Assessment focuses on 
CAS with EPD. Thus, the Assessment objective 
is to review and evaluate available evidence 
concerning outcomes of CAS with EPD and 
in comparison to the alternatives of CEA and 
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Table 1. Acceptable Levels of Periprocedural Risk and Anticipated Life Expectancy

Symptoms Stenosis (%)
Acceptable Periprocedural 
Stroke/Death Rate Anticipated Life Expectancy

No 60–99% <3%1 ≥5 years1

Yes 50–69% <6%1 ≥5 years1

70–99% <6%1 ≥2 years2

1 Chaturvedi et al. (2005)
2 Chaturvedi et al. (2005) recommend a 5–year life expectancy, however, NASCET (1991a) demonstrated benefit by 2 years.

Table 2. Event Rates with Best Medical Therapy from Representative Pivotal Trials

Trial Symptoms Stenosis (%) Event Time 
Cumulative 
Event Rate

Annualized 
(per year)

ACAS No 60–99% Ipsilateral 
stroke/ 
Perioperative 
death

5 years 11% 2.2%

NASCET Yes 50–69% Ipsilateral 
stroke

5 years 25% 5.0%

70–99% Ipsilateral 
stroke

2 years 26% 13.0%
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Figure 1. Interplay of Patient- and Procedure-related Risks for CEA or CAS and Relationship to Benefit or Harm (Bolded are the Primary Determinants of Net Health Benefit)
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best medical therapy for reducing stroke risk 
in patients with carotid artery stenosis. The 
Assessment specifically seeks the following 
evidence:

1. Can CAS be performed with periprocedural 
stroke/death rates accompanied by a net 
health benefit among symptomatic and 
asymptomatic patients at: a) average medical 
and anatomical risk, b) increased medical 
risk, and c) increased anatomic risk.2

2. How do CAS, CEA, and best medical therapy 
compare in each of the above subgroups?3

Background

Stroke is the third leading cause of death and 
leading cause of long-term disability in the U.S. 
(Faxon et al. 2004; Pasternak et al. 2004). The 
American Heart Association estimates 700,000 
new or recurrent strokes occur in the U.S. 
annually (Rosamond et al. 2007). Approximately 
85% of strokes are ischemic and the remain-
der hemorrhagic. Carotid atherosclerosis and 
accompanying stenosis accounts for roughly 
20% of all strokes (Faxon et al. 2004; Pasternak 
et al. 2004).

Carotid Stenosis 
Narrowing of the internal carotid and accom-
panying atherosclerotic plaque occurs most 
frequently near the carotid bifurcation (Albers 
et al. 1999) and may generate emboli result-
ing in stroke. Carotid artery stenosis is also 
associated with an increased risk of coronary 
events (Faxon et al. 2004; Pasternak et al. 2004; 
Creager et al. 2004). Furthermore, the magni-
tude of risk for stroke, MI or death increases 
with decreasing carotid artery luminal diameter 
(Goldstein et al. 2001; Goldstein 2003; Faxon 
et al. 2004; Pasternak et al. 2004; Creager et al. 
2004; Brott et al. 2004). Neurologic event rates 
depend on presence or absence of symptoms, 
attributable carotid atherosclerosis, and degree 
of narrowing (Goldstein et al. 2001; Goldstein 
2003; Faxon et al. 2004; Pasternak et al. 2004; 
Creager et al. 2004; Brott et al. 2004) (Table 2). 

Medical Therapy and Stroke Risk
In recent years, pharmacologic therapies have 
improved substantially together with under-
standing the role of lifestyle factors in stroke 

risk. Addressing both are recommended to 
reduce risks of disabling stroke, MI, and death 
in patients with carotid artery atherosclerosis 
(Wolf et al. 1999; Albers et al. 1999; Goldstein 
et al. 2001; Creager et al. 2004). Lifestyle 
alterations include smoking cessation, dietary 
changes (addressing obesity and hypertension, 
blood lipids, maintaining glycemic control in 
diabetics [UKPDS Study Group 1998]), and 
increasing physical activity when possible.

Medications reducing the risk of stroke, 
MI and death from carotid atherosclerosis 
include antihypertensive, lipid-lowering, and 
antiplatelet drugs (Wolf et al. 1999; Albers et 
al. 1999; Goldstein et al. 2001; Creager et al. 
2004). Meta-analyses of randomized, controlled 
trials show that lowering systolic blood pres-
sure by 10 mm Hg is associated with relative 
risk reductions for stroke of between 25% and 
36%, depending upon age (Lawes et al. 2004). 
Multiple trials report that statins lower blood 
lipid concentrations, stabilize plaque, reduce 
risks of all cardiovascular events, and decrease 
stroke risk in patients with coronary artery 
disease (Scandinavian Simvastatin Survival 
Study 1994; Pfeffer et al. 1995; Shepherd et al. 
1995; The LIPID Study Group 1998; Hess et 
al. 2000; Heart Protection Study Collaborative 
Group 2002). The SPARCL (Stroke Prevention 
by Aggressive Reduction in Cholesterol Levels) 
randomized 4,731 patients with prior stroke 
or transient ischemic attack (TIA) to either 
aggressive lipid lowering or placebo (Amarenco 
et al. 2006). Active treatment was accompanied 
by a relative risk (RR) reduction for fatal or 
nonfatal stroke of 16% (RR 0.84, 95% CI: 0.71 
to 0.99) and a 5-year absolute risk reduction of 
2.2%. However, there was no overall mortality 
reduction with lipid lowering. 

Antiplatelet drugs are perhaps the most impor-
tant medication class reducing stroke risk, 
particularly among those with prior TIA or non-
disabling stroke (Biller et al. 1998; Wolf et al. 
1999; Albers et al. 1999; Goldstein et al. 2001; 
Creager et al. 2004). A meta-analysis of 287 
separate randomized trials (pooled N=135,000) 
yielded a 22% reduction in fatal and nonfatal 
strokes (Antithrombotic Trialists’ Collaboration 
2002). Aspirin, the antiplatelet drug used 
most commonly for secondary prevention in 
patients with prior TIA, reduced the risk of 

2 There is theoretically a fourth group at increased anatomic and medical risk, but is presumed to have the anatomic risk  
of greater clinical importance and so concerted here.
3 Recognizing comparison of CAS or CEA to current best medical therapy among symptomatic patients with severe stenosis 
(>70%) would unlikely be performed due to benefit accrued with CEA in this subgroup.
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all cardiovascular events (including fatal and 
nonfatal MI) by 23%. Ticlopidine, clopidogrel 
and dipyridamole alone or, sometimes, com-
bined with aspirin are also effective (Goldstein 
et al. 2001), but may be accompanied by more 
adverse effects.

CEA with Best Medical Therapy Versus Best 
Medical Therapy Alone 
In selected patients, CEA combined with best 
medical therapy can reduce the risks of stroke 
accompanying carotid stenosis over best 
medical therapy alone (Moore et al. 1992, 1995; 
Moore 1995; Perry et al. 1997; Biller et al. 1998; 
Benavente et al. 1998; Chassin 1998; Tu et al. 
1998; Albers et al. 1999; Goldstein et al. 2001; 
Goldstein 2003; Halm et al. 2003; Rothwell et al. 
1996a, 1996b, 2003, 2004; Creager et al. 2004; 
Bettman et al. 2004; Brott et al. 2004). NASCET 
and ECST first reported outcomes for symptom-
atic patients with 70–99% stenosis (NASCET 
Steering Committee 1991a, 1991b; ECST 
Collaborative Group 1991). A third trial by the 
Department of Veterans Affairs (VA309) closed 
early when NASCET and ECST reported that 
CEA benefited patients with 70–99% stenosis, 
but published results on patients randomized 
before it closed (Mayberg et al. 1991). However, 
the NASCET and ECST trials continued to 
enroll symptomatic patients with less-severe 
stenosis and reported final results in 1998 
(ECST Collaborative Group 1998; Barnett et al. 
1998). Subsequently, 3 additional trials (ACAS, 
the VA Study, and MRC ACST) enrolled asymp-
tomatic patients with ≥60% (ACAS Executive 
Committee 1995; Halliday et al. 2004) or 
≥50% stenosis (VA Study; Hobson et al. 1993). 
(Appendix Table B summarizes results from 
these trials). 

The American Heart Association (AHA) and the 
American Academy of Neurology (AAN) devel-
oped evidence-based clinical guidelines for 
CEA indications. The most current and relevant 
statements follow. 

Symptomatic Carotid Artery Stenosis

AHA (Sacco et al. 2006)
“For patients with recent TIA or ischemic 
stroke within the last 6 months and ipsilateral 
severe (70% to 99%) carotid artery stenosis, 
CEA by a surgeon with a perioperative mor-
bidity and mortality of <6% (Class I, Level of 
Evidence A) is recommended. For patients with 
recent TIA or ischemic stroke and ipsilateral 
moderate (50% to 69%) carotid stenosis, CEA 
is recommended, depending on patient-specific 
factors such as age, gender, comorbidities, and 
severity of initial symptoms (Class I, Level of 
Evidence A). When the degree of stenosis is 
<50%, there is no indication for CEA (Class III, 
Level of Evidence A)”4

AAN (Chaturvedi et al. 2005)
“CE[A] is established as effective for recently 
symptomatic (within previous 6 months) 
patients with 70 to 99% ICA [internal carotid 
artery] angiographic stenosis (Level A). CE[A] 
should not be considered for symptomatic 
patients with less than 50% stenosis (Level A). 
CE[A] may be considered for patients with 50 
to 69% symptomatic stenosis (Level B) but the 
clinician should consider additional clinical and 
angiographic variables (Level C, see below). It 
is recommended that the patient have at least 
a 5-year life expectancy and that the periop-
erative stroke/death rate should be <6% for 
symptomatic patients (Level A). Medical man-
agement is preferred to CE[A] for symptomatic 
patients with <50% stenosis (Level A).”5

Asymptomatic Carotid Stenosis

AHA (Biller et al. 1998)
“Proven”6: ≥60% stenosis, <3% risk of surgical 
complications, and ≥5 years life expectancy; 
“Acceptable”7: ≥60% stenosis with <3% [periop-
erative] risk and simultaneous coronary artery 
bypass graft surgery (CABG), or ≥75% stenosis 
with 3-5% [perioperative] risk and ≥75%  

4 Class I: Conditions for which there is evidence for and/or general agreement that the procedure or treatment is useful and 
effective.  Class II: Conditions for which there is conflicting evidence and/or a divergence of opinion about the usefulness/efficacy 
of a procedure or treatment.  Level of Evidence A: Data derived from multiple randomized controlled trials.
5 Level A: Established as effective, ineffective, or harmful for the given condition in the specified population. (Level A rating 
requires at least two consistent Class I studies or prospective, randomized, controlled clinical trial with masked outcome 
assessment, in a representative population.)
6 Proven:  “...the strongest indication for carotid endarterectomy and strongly implies that to withhold surgery in the presence of 
this indication would be inappropriate under normal circumstances. Indications classified as proven are generally supported by 
data from contemporary, prospective, randomized clinical trials.”
7 Acceptable:  “...general agreement that this represents a good indication for surgery, with the expectation that benefits outweigh 
the risks. This rank is supported by promising, but not scientifically certain, data. Indications in this category may be the subject 
of ongoing prospective randomized trials. In that case, it is expected that patients will be offered the opportunity to participate 
in the trial. However, when this is not possible, either by geography or patient preference, surgery would be an acceptable 
alternative at the present level of knowledge.”
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stenosis of the contralateral carotid artery;  
“Uncertain”8: all others with asymptomatic  
stenosis not proven inappropriate for CEA;
“Inappropriate”9: risk of surgical complications 
≥5% without need for simultaneous CABG.

AAN (Chaturvedi et al. 2005)
“It is reasonable to consider CE [CEA] for 
patients between the ages of 40 and 75 years 
and with asymptomatic stenosis of 60 to 99% 
if the patient has an expected 5-year life 
expectancy and if the surgical stroke or death 
frequency can be reliably documented to be 
<3% (Level A). The 5-year life expectancy is 
important since perioperative strokes pose an 
up front risk to the patient and the benefit from 
CE emerges only after a number of years.”

Still, uncertainties remain concerning the 
risk/benefit ratio of CEA for many patients 
with carotid stenosis. Medical therapies have 
improved considerably since the completion of 
pivotal CEA trials. Recent reviews have empha-
sized the need to conduct new randomized, 
controlled trials of current best medical therapy 
with versus without CEA (Barr et al. 2003; 
Goldstein 2003; Creager et al. 2004; Bettmann 
et al. 2004; Brott et al. 2004). Nevertheless,  
substantial numbers are managed surgically  
in the U.S. (Tu et al. 1998; Chasin 1998; Halm  
et al. 2003).

Four uncontrolled reviews compared CEA 
outcomes in patients considered at increased 
risk for periprocedural complications to those 
achieved in average-risk patients (Table 3). The 
rates of periprocedural adverse events reported 
(including or excluding MI) generally were 
higher among patients with increased risks. 
Still, approximately 37–54% of these patients 
were symptomatic, yet the frequency of peri-
procedural complications in 3 of them was near 
or below the 3% limit recommended for asymp-
tomatic CEA candidates. Event rates were 
not reported separately for symptomatic and 
asymptomatic patients. Authors of the studies 
listed in Table 3 conclude that experienced 
surgical teams and institutions can achieve 
acceptable periprocedural outcomes in care-
fully selected patients who would have been 
ineligible for CEA trials. However, these studies 
lacked predefined protocols and endpoints, 
potentially resulting in under ascertainment of 
neurologic events (Rothwell et al. 1996a; Ouriel 

et al. 2001) compared to contemporary trials 
and registries. 

Carotid Angioplasty and Stenting (CAS)
CAS is a procedure designed to enlarge the 
stenotic lumen and similar in principle to 
angioplasty performed at other vascular sites 
(Bettmann et al. 1998, 2004; Barr et al. 2003; 
Goldstein et al. 2003; Higashida et al. 2004; 
Brott et al. 2004; Cambria 2004; Coward et al. 
2004; NICE 2004). CEA removes the athero-
sclerotic lesion by excising plaque while CAS 
leaves it in place (Cambria 2004). Because  
CAS does not require a surgical incision, it is 
accompanied by a lower risk of cranial nerve 
injury. However, those injuries may not be per-
manent and infrequently result in permanent 
deficits (Taylor et al. 2003). Overall, there-
fore, one must consider failure rates, repeat 
interventions, permanent adverse events, and 
patency when comparing CAS to CEA. 

Embolic Protection of the Cerebral Circulation
Embolic protection devices (EPD) utilized 
in the U.S. are filters deployed distal10 to the 
atherosclerotic target lesion before balloon 
expansion, if lumen diameter allows. Stent 
placement follows with a second balloon infla-
tion. The filter is collapsed and withdrawn once 
angioplasty and stent placement are complete, 
trapping contained emboli, although micro-
emboli can escape (Macdonald 2006). A sys-
tematic review pooling results from 40 studies 
employing CAS alone (N=2,357) and 14 studies 
employing CAS with EPD (N=839) concluded 
the devices reduced thromboembolic compli-
cations (Kastrup et al. 2003a). Nevertheless, 
some clinicians disagree that EPD should be 
used for all CAS procedures (Ohki and Veith 
2003; Eckert and Zeumer 2003; Forsting 2004). 
Emphasized is the lack of randomized, con-
trolled trial evidence, and problems with use 
of EPDs. These include difficulties manipulat-
ing the devices through target lesions and 
with deployment, varying effectiveness at 
capturing emboli, vessel injury caused by the 
devices, and difficulties with device retrieval 
(Cremonesi et al. 2003; Ohki and Veith 2003). 
However, nearly all ongoing pivotal trials for 
as-yet unapproved carotid stents used EPDs for 
all stented patients. Furthermore, the Centers 
for Medicare and Medicaid Services (CMS) 
covers CAS only when used with an EPD. 
Consequently, this Assessment focuses on  

8 Uncertain: “...insufficient data to define the risk/benefit ratio. These potential indications should be evaluated in clinical trials.”
9 Inappropriate: “...current database is adequate to indicate that the stated risks of carotid endarterectomy outweigh the benefits.”
10 So-called distal embolic protection devices.
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Table 3. Endarterectomy Outcomes in Increased- versus Average-Risk Patients

Study (Design) Sample Characteristics CEA Risk Groups, n All Perioperative Events Perioperative Deaths Perioperative Strokes Perioperative MIs

Ouriel et al. 2001

(prospective registry 
single-institution, 
multi-surgeon)

2,662 CEA alone, 1988–98; 
37% symptomatic,
63% asymptomatic

increased risk, 1951

 

average risk, 2,467

5.1%

2.9%

2.6%

0.3%5

1.0%

1.7%

1.5%

1.1%

Lepore et al. 2001

(retrospective  
single-institution, 
multi-surgeon)

366 CEAs in 348 patients,  
1997–98; 40% symptomatic,  
60% asymptomatic

increased risk, 1692

average risk, 197

3.6%2

1.5%2

n=1

n=1

3.6%

1.5%

n=1

n=1

Gasparis et al. 2003

(retrospective, 
two institutions, 
multi-surgeon)

788 CEA alone, 1996–2001; 
39% symptomatic,  
61% asymptomatic

increased risk, 2283

average risk, 560

1.3%3

1.1%3

0.4%

0.4%

0.9%

0.7%

0.9%

0.9%

Illig et al. 2003

(retrospective  
single-institution, 
multi-surgeon)

859 CEA alone4, 1993–2000;  
54% symptomatic,  
46% asymptomatic

increased risk, 3722

comorbidities, 242

average risk, 487

2.7%2

2.9%2

1.6%2

NR NR NR

1  defined by CAD, CHF, COPD, or renal disease; n=399 others underwent CEA and open cardiac surgery at same sitting
2  defined by NASCET/ACAS ineligibility; excludes MIs
3  defined by comorbidities (63%; age>80, CAD, CHF, COPD, or renal disease), anatomic features (28%), or both (9%); excludes MIs
4   from total n=1230; remainder lacked adequate data in charts to evaluate risk factors, trial eligibility or indication for CEA; 30-day rate similar for all 1,230 patients as for 859 with adequate data for analysis  

of risks and eligibility.
5  statistically significant difference p<0.0001
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comparing CAS with EPD versus alternatives 
for patients with carotid stenosis.

Restenosis after CEA and CAS
The durability of carotid patency after either 
CEA or CAS is critical for benefit to be main-
tained. Recurrent stenosis within 3 years of 
CEA is typically attributed to neointimal hyper-
plasia (Lal and Hobson 2006). Subsequently, 
recurrent atherosclerosis is felt responsible. 
Reported restenosis rates following CEA range 
from 0.1% recurrent stenosis ≥70% at 7.1 years’ 
median follow-up (1,000 CEAs in 975 patients) 
(Ecker et al. 2003); to 7.7% (4.5% severe reste-
nosis or occlusion, 3.2% repeat CEA) at 5.9 
years’ median follow-up (n=2,236) (LaMuraglia 
et al. 2004). While these results are consistent 
with contemporary CEA studies tabulated by 
Ecker et al. (2003), many of the cohorts were 
followed either prior to or during a period 
when aggressive lipid lowering became a  
standard of practice. LaMuraglia et al. (2004) 
found elevated cholesterol levels associated 
with early restenosis. 

Following CAS, the ARCHeR registry (Gray et 
al. 2006) reported that of 581 patients, at 12 
months, 5% had restenosis greater than 70% 
and 26% had restenosis of 50 to 69%. Only 
166 patients were followed to 2 years or more; 
however, rates did not appear to change. The 
Global Carotid Artery Stent Registry, a survey of 
53 centers (11,243 patients), reported a 3-year 
restenosis rate of 2.4% (Wholey et al. 2003). 
However, these data were both retrospective 
and collected voluntarily. Christiaans et al. 
(2007) followed 217 patients after CAS with 
serial ultrasound exams. At 1 year, the preva-
lence of restenosis (≥50%) was 18% and 21% at 
2 years (with 48 patients evaluated at 2 years). 
Accurate and representative CAS restenosis 
rates will be established in the near future 
as long-term registry data are collected and 
reported.

FDA Status. CAS with or without EPD is a  
procedure and thus does not require FDA 
approval. However, devices used for CAS 
and for EPD require FDA approval. As of this 
writing, a number are FDA-approved and indi-
cated specifically for use in carotid arteries. 

■ ACCULINK™ and RX ACCULINK™; 
ACCUNET™ and RX ACCUNET™;  
Guidant Corp.

■ XACT® EMBOSHIELD®; Abbott Corp.

■ PRECISE® ANGIOGUARD®; Cordis Corp.
■ NEXSTENT™ and FILTERWIRE™;  

Boston Scientific
■ PROTÉGÉRX® and SPIDERX®; ev3 Inc, 

Arterial Evolution Technology

The FDA has mandated postmarketing studies 
for these devices, including longer follow-up 
for patients already reported to the FDA and 
additional registry studies primarily to compare 
outcomes as a function of clinician training 
and facility experience. Devices are indicated 
for combined use of a stent and EPD to reduce 
stroke risk in patients at increased risk for  
perioperative complications from CEA who  
are symptomatic with ≥50% stenosis or asymp-
tomatic with ≥80% stenosis. CAS with these 
devices for patients outside these indications  
is an off-label use.

Methods

Search Methods
Studies were identified by searching the 
MEDLINE® (via PubMed) database for articles 
indexed under the MeSH® headings “stents” 
AND “carotid artery diseases” OR “carotid 
stenosis.” The search was performed for the 
period of 1994 through April 2007 and was 
limited to articles published in English that 
reported on human subjects. Computerized 
searches were supplemented by manual bibli-
ography review of selected references. 

Study Selection
Randomized, controlled trials were included  
if they met the following criteria:

■ directly compared outcomes of CAS with 
outcomes of CEA or best medical therapy;

■ used embolic protection devices;
■ included at least 10 patients per arm;
■ studied homogeneous populations, or strati-

fied patients providing subgroup analyses for 
– symptomatic patients 
– asymptomatic patients 

– at average medical and anatomical risk
– increased medical risk alone
– increased anatomic risk 

Prospective CAS registry studies with  
predefined endpoints and inclusion/exclusion 
criteria were included if results were published 
in peer-reviewed journals.
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Trial Data Abstraction and Calculations
Trial results were abstracted together with  
relevant 95% confidence intervals. If confi-
dence intervals were not presented, they were 
calculated using the method of Wilson (Agresti 
and Coull 1998). Negative risk differences 
indicate CAS harmful compared to CEA (or for 
relevant comparison). 

Medical Advisory Panel Review
This Assessment was reviewed by the Blue 
Cross and Blue Shield Association Medical 
Advisory Panel (MAP) on February 21, 2007.  
In order to maintain the timeliness of the scien-
tific information in this Assessment, literature 
searches were performed subsequent to the 
Panel’s review (see “Search Methods”). If the 
search updates identified any additional studies 
that met the criteria for detailed review, the 
results of these studies were included in the 
tables and text where appropriate. There were 
no studies that would change the conclusions  
of this Assessment.

Formulation of the Assessment

Patient Indications
The target populations are symptomatic 
patients at risk for stroke due to moderate  
(50% to 69%) or severe (70% to 99%) carotid 
artery stenosis, and asymptomatic patients with 
stenosis ≥60%. Two indications are considered:

1. Symptomatic patients for whom CEA  
provides a net health benefit, i.e., moderate 
(50% to 69%) or severe (70% to 99%)  
and can be performed with less than a 6% 
periprocedural stroke/death rate.

2. Asymptomatic patients for whom CEA  
provides a net health benefit, i.e., stenosis 
≥60% and can be performed with less than  
a 3% periprocedural stroke/death rate.

Technologies to be Compared
Table 4 outlines the technologies to be com-
pared together with potential combinations of 
medical and anatomic risk. 

Carotid Artery Angioplasty and Stenting 
(CAS) with Embolic Protection Device 
(EPD). CAS with EPD most often involves 
insertion of a multi-catheter system into the 
femoral artery. Under fluoroscopy or X-ray 
visualization, a guide wire is navigated through 
the aorta to the stenotic lesion in the carotid 
artery. The EPD is delivered past the site and 
expanded to trap embolic material dislodged 
during the procedure. A dilating balloon cath-
eter is used to expand the stenosis, followed 
by placement of a self-expanding stent (with 
a second balloon inflation in some devices). If 
the stenosis is severe, balloon expansion can 
be required prior to placing the EPD. After 
stent placement, the distal protection device 
is collapsed to trap any filtered material and 
removed. The catheters are then removed, 
leaving the expanded stent in place. The pro-
cedure is most commonly performed with the 
patient awake. 

Carotid Endarterectomy. During carotid end-
arterectomy, plaque and debris are removed 
from the carotid artery through a neck incision. 
The procedure can be performed under either 
general or local/regional anesthesia (Jordan et 
al. 1998) and the latter may be accompanied 
by lower perioperative risks. For example, 
an analysis of 13,622 CEAs from the National 
Surgical Quality Improvement Program data-
base found procedures performed under local 
compared to general anesthesia accompanied 
by an adjusted relative odds for stroke or death 
at 30 days of 0.59 (95% CI: 0.41 to 0.86); the 
overall rate of stroke or death in the cohort was 
3.4% (Stoner et al. 2006). A Cochrane review 
pooled results from 7 randomized, controlled 

Table 4. Technologies to be Compared Together with Potential Combinations of Medical and Anatomic Risk

Symptoms
Periprocedural 
Risk

Degree of 
Stenosis

Medical  
Risk

Anatomic 
Risk Groups for Comparison

Yes <6% 50–69% Average & 
Increased

Average & 
Increased

CEA/best medical therapy
CAS/best medical therapy
best medical therapy

≥70%

No <3% ≥60% Average & 
Increased

Average & 
Increased

CEA/best medical therapy
CAS/best medical therapy
best medical therapy

CEA Carotid Endarterectomy
CAS Carotid Artery Stent with Embolic Protection Device (EPD)



Technology Evaluation CenterTechnology Evaluation CenterTechnology Evaluation Center

14 ©2007 Blue Cross and Blue Shield Association. Reproduction without prior authorization is prohibited.

trials comparing local to general anesthesia in 
CEA yielding an odds ratio for stroke or death 
of 0.63 (95% CI 0.25 to 1.62) (Rerkasem et al. 
2004). However the pooled result was based 
on only 18 events. The General Anesthesia vs. 
Local Anesthesia for CEA in progress should 
provide more definitive evidence having 
recruited over 3,030 patients, with a target of 
3,500 (http://www.dcn.ed.ac.uk/gala/).

Best Medical Therapy. Best medical therapy 
for patients with elevated stroke risk relies on 
blood pressure control, antiplatelet agents, lipid 
lowering, and lifestyle interventions includ-
ing smoking cessation, glycemic control in 
diabetics, weight loss in obese individuals, and 
increased physical activity, when possible.

Health Outcomes
Primary outcomes of interest include:

■ proportion of patients experiencing  
any stroke or death by 30 days after the  
procedure (stroke/death)—periprocedural  
stroke/death rate;

■ proportion of patients experiencing any 
stroke, myocardial infarction (MI) or  
death by 30 days after the procedure  
(stroke/death/MI);

■ separate rates by day 30 of stroke,  
MI and death;

■ 30 day stroke/death/MI or ipsilateral  
stroke from day 31 to day 365.

The Assessment focuses on primary outcomes, 
but studies also report secondary outcomes, 
including:

■ device success rate, defined as the  
proportion of devices utilized that are  
delivered, placed, and retrieved as  
described in the study protocol; 

■ complication rates.

Specific Assessment Questions
1. Can CAS be performed with periprocedural 

stroke/death rates accompanied by a net 
health benefit among symptomatic and 
asymptomatic patients at: a) average medical 
and anatomical risk, b) increased medical 
risk, and c) increased anatomic risk

2. How do CAS, CEA, and best medical therapy 
compare in each of the above subgroups? 

Review of Evidence

Overview of Available Evidence 
The literature search identified 3 random-
ized, controlled trials (RCTs) comparing CEA 
to CAS: SAPPHIRE “Stenting and Angioplasty 
with Protection in Patients at High Risk for 
Endarterectomy” (Yadav et al. 2004); SPACE 
“Stent-Protected Angioplasty versus Carotid 
Endarterectomy” (Ringleb et al. 2006); 
“Endarterectomy versus Angioplasty in Patients 
with Symptomatic Severe Carotid Stenosis” 
EVA-3S (Mas et al. 2006); 8 registry publica-
tions (CaRESS Steering Committee 2005; Coppi 
et al. 2005; Reimers et al. 2005; White et al. 
2006; Safian et al. 2006; Gray et al. 2006, 2007), 
including an interim report of the lead-in 
phase of CREST (Carotid Revascularization 
Endarterectomy vs. Stent Trial) (Hobson et al. 
2004), which is effectively a CAS registry. The 
review of evidence is organized according to 
study design. No study is specific to the patient 
subgroups identified in the specific Assessment 
questions. In the discussion section, we address 
how the available evidence pertains to the 
patient subgroups of interest.

Randomized Controlled Trials
Design and Follow-Up. The 3 trials 
(SAPPHIRE, SPACE, EVA-3S) were designed  
to test equivalence of CAS to CEA with non-
inferiority margins ranging from 2–3% and  
30-day to 1-year follow-up reported. Primary 
endpoints and patient selection also differed 
among the trials (Table 5). 

Each trial specified or reported qualifications 
for interventionalists performing stenting, 
surgeons, and participating centers. SAPPHIRE 
(Yadav et al. 2004) required that surgeons 
document CEA experience resulting in a peri-
procedural stroke or death risk less than 6.0%. 
The median annual surgeon CEA volume was 
30 (range 15 to 100). Interventional physicians 
performing stenting had a median experience 
of 64 procedures (range: 20 to 700). SPACE 
(Ringleb et al. 2006) required interventionalists 
to have performed at least 25 successful CAS 
procedures with or without stenting and vascu-
lar surgeons 25 consecutive CEAs. EVA-3S (Mas 
et al. 2006) stipulated that vascular surgeons 
had performed at least 25 CEAs in the prior 
year; interventionalists at least 12 CAS or 35 
other stent procedures in supra-aortic trunks, 
with at least 5 in the carotid artery. 
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SAPPHIRE was supported by Cordis; SPACE 
by the German Ministry of Education and 
Research, German Research Foundation, 
German Society of Neurology, German Society 
of Neuropathology, German Radiological 
Society, Boston Scientific, Guidant, and  
Sanofi-Aventis; EVA-3S by the French Ministry 
of Health.

Patient Characteristics. Inclusion criteria 
differed among the 3 RCTs (Table 6). Patients 
were considered symptomatic in SAPPHIRE 
and SPACE if they had experienced a TIA or 
non-disabling stroke in the prior 180 days; 
EVA-3S in the past 120 days. SAPPHIRE enrolled 
both symptomatic and asymptomatic individu-
als at either increased medical or anatomic 
risk requiring the presence of either clinically 
significant cardiac disease; severe pulmonary 
disease; contralateral carotid occlusion or 
laryngeal nerve palsy; previous radical neck 
surgery or radiation therapy to the neck; recur-
rent stenosis after endarterectomy; or age older 
than 80 years. EVA-3S and SPACE enrolled 
symptomatic patients at average medical 
and anatomic risk (see Appendix Table C for 
detailed inclusion criteria). Randomization 
was stratified in SAPPHIRE by the presence or 
absence of symptoms and in EVA-3S by degree 
of stenosis (≥90% or <90%). Finally, EPDs were 
used in all SAPPHIRE participants undergoing 
CAS, 92.3% of the CAS arm in EVA-3S, and 27% 
of the CAS arm in SPACE (although outcomes 
in the CAS arm of SPACE were more favorable 
absent EPD, see following). 

Trial Conduct
SAPPHIRE. Patients considered for enroll-
ment in SAPPHIRE were initially reviewed by 
3 clinicians including a neurologist, a vascular 

surgeon or neurosurgeon, and an interventional 
physician. If all agreed that a patient was safely 
eligible for either intervention, the patient was 
randomized. If the surgeon concluded the risks 
of CEA were unacceptable, but the interven-
tional physician concluded CAS was feasible, 
the patient was entered into a registry separate 
from the RCT and treated with CAS. Similarly, 
if the interventionalist judged the risks of CAS 
unacceptable but the surgeon concluded CEA 
risks acceptable, the patient entered a surgi-
cal registry and underwent CEA. Patients were 
enrolled from August 2000 to July 2002.

SAPPHIRE sought to randomize 600 to 900 
patients before demonstrating noninferior-
ity. Sequential analyses were planned after 
randomizing every 100 patients; the maximum 
accrual target was 2400. In the CEA arm, 90.4% 
were treated and in the CAS arm, 95.2%. CAS 
success rate was 95.6%. Patients in both arms 
received aspirin (81 or 325 mg/day) and those 
undergoing CAS also received clopidogrel 75 
mg/day 24 hours prior to and 2 to 4 weeks 
following the procedure. Mode of anesthesia 
in the CEA arm was not reported, but “most 
procedures were done with a patch and under 
general anesthesia” (U.S. Food and Drug 
Administration 2004b, page 97). The trial closed 
early because accrual slowed attributed to com-
peting registries and physician reluctance to 
continue randomizing patients. At closure, 747 
patients had been evaluated, 334 randomized, 
406 entered into the stent registry, and 7 the 
surgical registry. Follow-up was complete with 
both intention-to-treat and per protocol analy-
ses reported for 30-day and 1-year outcomes. 

SPACE. Treatment indications for poten-
tially eligible patients were determined by 

Table 5. RCT Characteristics

Trial
Sample  
Size

Medical/ 
Anatomic Risk Symptoms

Longest
Follow-Up 
Reported

Noninferiority  
Margin Primary Endpoint

SAPPHIRE  
29 centers

334 Increased Symptomatic &  
Asymptomatic

1 year 3.0% Death, stroke,  
MI to 30 days; 
ipsilateral stroke  
31 days to 1 year

SPACE  
35 centers

1,183 Average Symptomatic 30 days 2.5% Ipsilateral stroke  
or death

EVA-3S  
30 centers

527 Average Symptomatic 6 months 2.0% Stroke or death 
within 30 days
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Table 6. Patient Characteristics in the CAS/EPD vs. CEA Trials (all arms included best medical therapy).

Trial

SAPPHIRE EVA-3S SPACE

CAS/EPD CEA CAS/EPD CEA CAS (±EPD) CEA

Treatment Arm

Symptomatic (n) 50 46 261 259 599 584

 Stenosis (%) ≥50% 60–99% ≥50%

Asymptomatic (n) 117 120     

 Stenosis (%) ≥80%     

Symptomatic/
Asymptomatic

167 1671

Age (SD) 72.5 (8.3) 72.6 (8.9) 70.3 (10.7) 69.1 (10.2) 67.6 (8.2) 68.2 (8.7)

Female 33.1% 32.9% 22.0% 27.6% 28.0% 28.4%

Hypertension 85.5% 85.1% 72.6% 73.6% 75.1% 76.2%

Diabetes 25.3% 27.5% 25.5% 22.2% 26.0% 28.4%

Coronary Heart Disease 85.8% 75.5%   21.2% 24.0%

Prior MI 29.7% 35.3% 13.1% 10.7%   

Current/Past Smoker     70.7% 70.1%

Current Smoker 16.9% 16.4% 23.6% 24.1%   

Mean BMI (SD)   26.3 (4.1) 26.1 (4.6) 27.2 (4.1) 26.7 (3.7)

Medical Risk

Age > 80 yr 19.3% 20.5%     

COPD 17.0% 13.8%     

“Severe” CHD 15.9% 16.5%     

Renal insufficiency 6.0% 7.5%

Class 3 or 4 angina 24.1% 14.7%

CHF 17.1% 19.6%

Anatomic Risk

Prior Endarterectomy 28.3% 26.7% 3.9%2 1.9%2   

Contralateral Occlusion 23.6% 25.3%     

Restenosis 22.6% 22.2%     

1  One patient not included in FDA analysis stratified by symptoms. 
2  CEA or angioplasty. 
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a multidisciplinary team of “neurologists, 
vascular surgeons and interventionalists” 
at each participating center. Patients were 
enrolled from March 2001 through February 
2006. Individuals in both arms received aspirin 
(100 mg per day) and in the CAS arm, 75 mg 
clopidogrel daily for at least 3 days before and 
30 days following stent placement. EPD use 
was optional (deployed in 27% of CAS proce-
dures). Both local and general anesthesia were 
used for CEA, but rates were not reported. To 
achieve 80% power for establishing noninfe-
riority, 950 patients per arm were sought. The 
trial terminated early due to funding issues 
and an interim analysis projecting that 2,500 
patients per arm would be required to achieve 
the desired power. All randomized patients 
were accounted for and 98.6% included in 
intention-to-treat analyses.

EVA-3S. Patients deemed eligible for either 
CAS or CEA were enrolled between November 
2000 and September 2005. Initially, whether to 
use EPD or not was left to the treating inter-
ventionalist and patient. However, unprotected 
CAS was ended after randomizing the first 
80 patients to the CAS arm, when an interim 
analysis found an age-adjusted relative odds 
for stroke or death of 3.8 (0.5 to 31.6) with CAS 
alone compared to CAS with EPD. Ultimately, 
20 patients underwent CAS without EPD. 
Stenting was successful in 95% of attempted 
interventions. Daily aspirin (100 to 300 mg) 
was recommended for both arms and for CAS 
patients, clopidogrel (75 mg) or ticlopidine 
(500 mg) 3 days prior and for 30 days follow-
ing stenting. Local or regional anesthesia was 
used for 27% of CEAs; general anesthesia was 
in 6.5% of stenting procedures. Initial power 
estimates targeted a sample size of 872. In 
September 2005, enrollment was halted “for 
reasons of both safety and futility.” At that point, 
more than 4,000 patients would have been 
required to test noninferiority given the 2% 
margin with adequate power (and one-sided 
alpha of 0.05). Of those randomized, 95.6% 
were included in intention-to-treat analyses 
and all withdrawals identified. 

Trial Results and Comment
SAPPHIRE. The composite endpoint reported 
included myocardial infarction limiting  
comparisons with combined stroke and death 
rates reported by pivotal CEA trials (Table 7). 
Outcomes for asymptomatic and symptomatic 
subgroups (accompanying stratified randomiza-
tion) while unpublished, were reported to  

the FDA. Outcomes were not reported  
separately according to increased medical or 
anatomic risk. 

While SAPPHIRE generated considerable con-
troversy and lengthy commentaries, to address 
the Assessment objectives, we focus on whether 
the results: 1) support a favorable risk/benefit 
ratio in symptomatic and asymptomatic patients 
and therefore 2) allow comparing CAS to CEA. 
Mortality rates differences are also examined. 

The symptomatic group was small in size and 
events few. The 6.5% (95% CI: 2.2–17.5) 30-
day mortality rate in the CEA arm reflected 
3 deaths; at 1 year, 8 of 46 patients had died. 
Corresponding rates in the CAS arm were 
0% (95% CI: 0–7.1); at 1, year 6 deaths in 50 
patients. Although the mortality rate was lower 
in the CAS arm, there is considerable uncer-
tainty owing to small subgroup size—the trial 
was not powered to examine subgroup differ-
ences. Still, the 30-day mortality rate in the CEA 
arm exceeded the 6% combined stroke and 
death rate accepted to accompany a favorable 
risk/benefit ratio. The absence of mortality at 
30 days in the CAS arm must be considered 
uncertain in light of the subgroup size. In the 
asymptomatic group, 30-day stroke rates in 
both arms exceeded the 3% combined stroke 
and death rate accompanying a favorable 
risk/benefit ratio. At 1 year, stroke rates were 
similar (7.5% and 7.7%) in the CEA and CAS 
arms, respectively.

The mortality rate was lower in the CAS arm 
at 30 days and 1 year for symptomatic and 
asymptomatic patients as well as for the entire 
sample. In the asymptomatic group, 1-year  
mortality rates in the CAS and CEA arms were 
5.1% (95% CI: 2.4 to 10.7) and 10.8% (95% 
CI: 6.4 to 17.6), respectively. Although cause 
of death data according to the presence or 
absence of symptoms are unavailable, FDA 
documents indicate the differential mortality 
between arms primarily attributable to non-
neurologic causes (Table 8). 

Noninferiority of CAS to CEA was demon-
strated for the composite primary endpoint 
(p=0.004), which included MI. However, of 17 
infarctions, 15 were non-Q wave and MI was 
more than twice as common in the CEA arm 
(where general anesthesia was primarily used). 
Additionally, cranial nerve palsies were signifi-
cantly more common in the CEA arm— 4.9%— 
compared to none with CAS.



Technology Evaluation CenterTechnology Evaluation CenterTechnology Evaluation Center

18 ©2007 Blue Cross and Blue Shield Association. Reproduction without prior authorization is prohibited.

Table 7. Death, Stroke, MI, and Composite Outcome at 30 days and 1 year in SAPPHIRE1

% 
Stenosis 
(NASCET) n

Outcome (%) 
Absolute Risk Reduction (ARR, 95% CI)2

30-day 1-year

Death

Symptomatic (≥50%) or 
Asymptomatic (≥80%)  

167
167
 

CEA
CAS/EPD
ARR

2.5% (1.0 to 6.1)
1.2% (0.3 to 4.3)
1.3% (-2.1 to 5.0)

13.5% (9.1 to 19.5)
7.4% (4.3 to 12.4)
6.1% (-0.5 to 12.9)

Symptomatic ≥50% 46
50
 

CEA
CAS/EPD
ARR

6.5% (2.2 to 17.5)
0% (0 to 7.1)
6.5% (-1.8 to 17.5)

17.4% (9.1 to 30.7)
12.0% (5.6 to 23.8)
5.4% (-9.0 to 20.2)

Asymptomatic ≥80% 120
117
 

CEA
CAS/EPD
ARR

0.8% (0.1 to 4.5)
1.7% (0.5 to 6.0)
-0.9% (-5.3 to 3.0)

10.8% (6.4 to 17.6)
5.1% (2.4 to 10.7)
5.7% (-1.4 to 13.0)

Stroke

Symptomatic (≥50% ) or 
Asymptomatic (≥80%) 

167
167
 

CEA
CAS/EPD
ARR

3.1% (1.3 to 7.0)
3.6% (1.7 to 7.6)
-0.5% (-4.9 to 3.8)

7.9% (4.7 to 13.0)
6.2% (3.4 to 10.9)
1.7% (-0.4 to 7.5%)

Symptomatic ≥0% 46
50
 

CEA
CAS/EPD
ARR

2.2% (0.4 to 11.4)
0% (0 to 7.1)
2.2% (-5.2 to 11.4)

6.5% (2.2 to 17.5)
2.0% (0.1 to 10.5)
4.5% (-0.5 to 15.6)

Asymptomatic ≥80% 120
117
 

CEA
CAS/EPD
ARR

3.3% (1.3 to 8.2)
5.1% (2.4 to 10.7)
-1.8% (-7.8 to 3.8)

7.5% (4.0 to 13.6)
7.7% (4.1 to 14.0)
0.2% (-7.4 to 6.9)

MI

Symptomatic (≥50%) or 
Asymptomatic (≥80%) 

167
167
 

CEA
CAS/EPD
ARR

6.1% (3.4 to 10.8)
2.4% (0.9 to 6.0)
3.7% (-0.8 to 8.6)

7.5% (4.4 to 12.5)
3.0% (1.3 to 6.8)
4.5% (-0.4 to 9.8)

Symptomatic ≥50% 46
50
 

CEA
CAS/EPD
ARR

4.3% (1.2 to 14.5)
2.0% (0.1 to 10.5)
2.3% (-6.8 to 12.6)

4.3% (1.2 to 14.5)
4.0% (1.1 to 13.5)
0.3% (-9.7 to 10.9)

Asymptomatic ≥80% 120
117
 

CEA
CAS/EPD
ARR

6.7% (3.4 to 12.6)
2.6% (0.9 to 7.3)
4.1% (-1.6 to 10.3)

8.3% (4.6 to 14.6)
2.6% (0.9 to 7.3)
5.7% (-0.3 to 12.2)

Stroke/Death/MI

Symptomatic (≥50%) or 
Asymptomatic (≥80%)  

167
167
 

CEA
CAS/EPD
ARR

9.8% (6.2 to 15.3)
4.8% (2.5 to 9.2)
5.0% (-0.7 to 10.9)

20.1% (14.7 to 26.8)
12.2% (8.1 to 18.0)
7.9% (-0.7 to 16.4)3

Symptomatic ≥50% 46
50
 

CEA
CAS/EPD
ARR

10.9% (4.8 to 23.1)
2.0% (0.1 to 10.5)
8.9% (-1.6 to 21.2)

19.6% (10.7 to 33.2)
16.0% (8.3 to 28.5)
3.6% (-11.8 to 19.2)

Asymptomatic ≥80% 120
117
 

CEA
CAS/EPD
ARR

9.2% (5.2 to 15.7)
6.0% (2.9 to 11.9)
3.2% (-3.9 to 10.4)

19.2% (13.2 to 27.2)
10.3% (6.0 to 17.1)
8.9% (-0.2 to 17.9)

1 from FDA intention-to-treat analyses
2 when not presented from Kaplan-Meier estimates, proportions reported from ITT analyses and 95% CI calculated
3 (see methods); p=0.004 for noninferiority
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The FDA’s statistical reviewers concluded 
results did not meet prespecified objective 
performance criteria because confidence 
intervals using the analyses specified in the 
trial protocol crossed the line for no difference 
between treatment arms (U.S. Food and Drug 
Administration 2004a). The reviewers judged it 
remained uncertain whether the trend towards 
noninferiority would have continued with addi-
tional patient accrual and randomization.

The range of 1-year primary endpoint rates 
across sites, 6.9% to 21.1%, was not accounted 
for in the analyses. Also lacking are data to 
compare sites for differences in complica-
tion rates with the two treatments. Although 
patients were stratified by treatment center 
before randomization, results might have been 
influenced by larger differences between arms 
in early complication rates at centers that 
enrolled more patients than at centers that 
enrolled fewer patients.

Since perioperative and periprocedural  
risks in SAPPHIRE were greater than those 
in RCTs of CEA with or without best medical 
therapy, the time to treatment benefit rela-
tive to best medical therapy alone from either 
intervention likely is longer in the SAPPHIRE 
sample. Thus, SAPPHIRE should require even 
longer follow-up than the CEA trials which 
reported outcomes at 2-7 years after, treat- 
ment and excluded such higher surgical risk 
candidates. A separate issue is that 1 year is 
inadequate to provide evidence on durability  
of benefits from CAS with EPD, relative to  
available evidence on durability of benefit from 
CEA from other studies.

Table 8. Deaths at 1-year by Cause in SAPPHIRE 

 
Non-Neurologic Causes

Group/Arm

CEA/CAS CEA CAS

Cardiac 18 10 8

Respiratory 4 3 1

Cancer 3 1 2

Renal Failure 1 1 0

Multisystem Failure 3 3 0

Neurologic Causes 4 3 1

Total 33 21 12

Total (non-neurologic) 29 18 11

Finally, absent was a third arm treated with 
best medical therapy. Consequently, the 
SAPPHIRE trial does not permit conclusions  
on the relative benefits of CAS with EPD and 
best medical therapy versus best medical 
therapy alone for increased medical/anatomic 
risk patients.

While SAPPHIRE’s published result found CAS 
noninferior to CEA (both with best medical 
therapy) for the combined outcome includ-
ing MI, a majority of the cardiac events were 
non Q-wave MIs occurring in the CEA arm. 
Moreover, the result must be considered in 
concert with periprocedural event rates in 
the trial. For asymptomatic and symptomatic 
patient enrolled in SAPPHIRE, lack of compari-
son with best medical therapy, small number  
of symptomatic patients, and high periproce-
dural stroke rates in the asymptomatic group 
do not support a conclusion that benefit from 
CAS (or even CEA) outweighs procedural risk 
in this patient population. 

SPACE. Including only symptomatic individuals 
at average medical and anatomic risk, SPACE 
found no difference between CEA and CAS 
(with or without EPD) in the primary outcome 
specified: 30-day ipsilateral stroke and death 
rates (Table 9). While EPDs were used in only 
one-quarter of patients, the primary outcome 
was slightly less frequent without the devices; 
results were consistent with or without EPDs. 
The periprocedural stroke and death rate in the 
CEA group exceeded 6% slightly and was 7.7% 
in the CAS arm. Among individuals older than 
75 years, the primary endpoint was reached at 
30 days in 12 of 109 (11.0%, 95% CI: 6.4 to 18.3).
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Table 9. SPACE 30-day Ipsilateral Stroke and Death (overall, with or without EPD) and any  
Stroke and Death Rates (Intention to Treat)

% Stenosis 
(NASCET) n

30-day Outcome (%) 
Absolute Risk Reduction (95% CI)

Ipsilateral Stroke/Death

Symptomatic >50% 584 CEA 6.3% (4.6 to 8.6)

599 CAS/+EPD 6.8% (5.1 to 9.2)

 ARR -0.5% (-3.4 to 2.4)

 Any Stroke/Death

584 CEA 6.5% (4.8 to 8.8)

599 CAS/+EPD 7.7% (5.8 to 10.1)

 ARR -1.2% (-4.1 to 1.8)

Ipsilateral Stroke/Death

151 CAS w/EPD 7.3% (4.1 to 12.6)

416 CAS no/EPD 6.7% (4.7 to 9.6)

 ARR 0.6% (-3.7 to 6.2)

A number of issues are important to consider 
interpreting these results particularly since the 
trial was prematurely terminated. First, per-
protocol analyses were consistent. The primary 
endpoint definition included deficits lasting 24 
hours or more, even if they later resolved—pos-
sibly more liberal than other trials. While EPDs 
were not used in all patients, their use did not 
appear to impact results. Nevertheless, it is 
possible that EPDs were effective and selec-
tively used in higher risk patients. However, 
the SPACE steering and endovascular-therapy 
quality committees were aware of the EVA-3S 
decision to require EPDs in 2004 and elected 
not to alter their protocol. Cardiac complica-
tions were also not ascertained and multiple 
stent systems used in the trial. 

The accompanying editorial (Naylor 2006) 
highlighted that the 30-day stroke and death 
rate in both trial arms exceeded currently 
acceptable rates and approximately one 
quarter of potential investigators failed to 
qualify. Others have questioned the experience 
required (a minimum of 25 procedures) of 
interventionalists included in the trial (Setacci 
and Cremonesi 2007). However, this level of 
experience is not inconsistent with require-
ments for CREST (20 procedures with a single 
device (Hobson et al. 2005). The experience of 
interventionalists was otherwise not described.

Potential shortcomings of the trial must be 
considered. However, the trial’s early termi-
nation, failure to demonstrate noninferiority, 
perioperative complication rates in the CAS 
arm exceeding acceptable levels support con-
cluding that CAS is neither equivalent to CEA, 
nor accompanied by, acceptable perioperative 
complication rates. 

EVA-3S. In a sample of symptomatic patients at 
average medical and anatomic risk, the EVA-3S 
trial results favored CEA over CAS (Table 10). 
In absolute terms, the results imply that at 30 
days, for every 17 trial-eligible patients under-
going CAS instead of CEA, 1 will experience a 
stroke or death; for every 52 CAS procedures, 
1 patient will experience a disabling stroke or 
death. Results were similar at 6 months. 

The investigators found no association between 
center volume (categorized as less than 21, 
21 to 40, and more than 40 patients) and out-
comes. Additionally, no relationship was found 
between interventionalist experience and 
30-day incidence of stroke or death (Mas and 
Chatellier 2007). Although EPDs were not used 
in all patients, in the CAS with EPD group the 
30-day stroke/death rate was 7.9% (95% CI: 5.1 
to 12.2). Thirty-six patients undergoing stenting 
did not receive dual antiplatelet therapy as rec-
ommended and event rates were slightly higher 
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in that group (11.1% vs. 9.0%). Cranial nerve 
injuries were significantly more frequent in the 
CEA arm (7.7%, n=20 vs. 1.1%, n=3); 2 of the 20 
nerve injuries in the CEA arm were categorized 
as severe compared to none in the CAS arm. 

Concerns regarding the EVA-3S results have 
been raised centering primarily on interven-
tionalist experience and center volume. The 
number of CAS procedures per site was rela-
tively low—10 sites contributed fewer than 10 
patients and largest number of procedures per-
formed at any site was 52 (Bonvini and Righini 
2007). A nonrandomized study of 182 patients 
found higher volume associated with improved 
outcomes and shorter procedure times (Lin et 
al. 2005). The 30-day death or stroke rate in the 
CEA arm (possibly attributed to surgical experi-
ence and medical therapy) was lower than in 
pivotal CEA trials of symptomatic individuals 
potentially accentuating the difference in out-
comes between arms. Finally, 5 different stents 
and 7 EPDs were used by interventionalists.

Although the trial’s limitations temper conclu-
siveness of inference, the results do not support 
the use of CAS in symptomatic individuals at 
average medical or anatomic risk with carotid 
stenosis >60%—or equivalence with CEA.

Registries
Published reports from 7 prospective CAS 
registries and interim results from the CREST 
lead-in phase were reviewed representing 6,712 
patients. Seven reports included only 30-day out-
comes, a single registry reported 1-year follow-
up. Table 11 outlines study characteristics. In 
only PRIAMUS was a majority symptomatic (see 
Appendix Table D for other patient characteris-
tics). In the CREST lead-in study, EPDs were not 
used in all patients. Six of the 8 studies applied 
increased-risk enrollment criteria.

Outcomes at 30-days are summarized in Table 
12. When reported, conventional stroke/death 
rates ranged from 2.1% to 6.9%. In 5 of the 7 
registries enrolling a substantial majority (69% 
to 86%) of asymptomatic patients, reported 
rates of stroke or death with or without MI 
exceeded 5.7%. It is therefore unlikely that 
the periprocedural complication rate in the 
asymptomatic  groups was less than the 3% 
judged needed to accrue benefit. Three regis-
tries enrolling patients at increased medical or 
anatomic risk reported 30-day periprocedural 
complication rates according to the presence 
or absence of symptoms. In these registries, 
complication rates exceeded 3% in asymptom-
atic and 6% in symptomatic individuals (Tables 
13 through 15). Only CaRESS and ARCHeR 
reported 1-year outcomes including a 10.9% 
stroke/death/MI rate (CaRESS); 9.6% 30-day 
death/stroke/MI combined with ipsilateral 
stroke between 30 days and 1 year (ARCHeR). 
Both are comparable to SAPPHIRE’s results. 
The interim lead-in phase of CREST (average- 
risk patients) also reported periprocedural 
stroke/death rates according to symptom status 
(Table 16) with rates greater than 3% in asymp-
tomatic, and slightly less than 6% in symptom-
atic patients. 

A single registry (BEACH) reported 30-day 
event rates distinguishing patients by whether 
they were at increased medical or anatomic 
risk. The periprocedural event rate in the group 
with increased anatomic risk was lower than 
among those at increased medical risk for any 
stroke or major stroke and death. 

Finally, the interim report from the CREST 
lead-in phase described death or stroke rates 
according to age (Table 17). There was a prom-
inent trend of increasing death/stroke rate with 
age, particularly among those 80 years of age 

Table 10. EVA-3S Stroke and Death Rates (Intention to Treat)

% Stenosis 
(NASCET) n

Outcome (%) 
Absolute Risk Reduction (95% CI)

Any Stroke/Death

30-days 6-months

Symptomatic 60-99% 259 CEA 3.9% (2.0 to 7.2) 6.1% (3.8 to 9.7)

261 CAS 9.6% (6.4 to 14.0) 11.7% (8.4 to 16.1)

 ARR -5.7% (-10.2 to -1.4) -5.6% (-10.6 to -0.7)
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Table 11. Characteristics, Patient Demographics, and Symptomatic or Asymptomatic Subgroups. 

 

CREST
(2004)
(lead-in)

Mo.Ma 
(Reimers  
et al., 2005)

CaRESS 
(2005)

PRIAMUS 
(2005)

BEACH  
(2005)  
Pivotal Combined

CREATE 
(2006) 
Pivotal

ARCHeR 
(2006)

CAPTURE
(2006)

Dates 1/2000–
3/2004

3/2002–
3/2003

4/2001–
12/2002

10/2001–
3/2005

2/2002–
12/2003

2/2002–
12/2003

4/2004–
10/2004

3/2000–
9/2003

10/2004– 
3/2006 

Centers 51 14 14 4 47 47 32 48 144

Location US European US Italy US US US US/Europe US

n 749 157 143 416 480 747 419 581 3500

Stent ACCULINK Any Wallstent Any Wallstent Wallstent Protégé ACCULINK ACCULINK

EPD ACCUNET
(in 88.1%)

Mo.Ma Guardwire 
Plus

Mo.Ma FilterWire FilterWire SPIDER ACCUNET ACCUNET

Mean Age (SD) 69.5 (4) 68 (8.3) 71.2 (9.6) 71.6 (9) 70.9 (9.3) ≈70.7 73.6 (9.1) 70.3 (9.5) 72.7

Male 64% 77% 60% 72% 65% 64% 61% 67% 61%

Increased Risk 
Enrollment Criteria

No1 Yes Yes No Yes Yes Yes Yes Yes

Asymptomatic
(Stenosis %)

69% 80% 69% 37% 76% 75% 83% 76% 86%

≥70% >70% ≥75% >70% >80% >80% ≥70% ≥80% ≥80%

Symptomatic
(Stenosis %)

31% 20% 31% 63% 24% 25% 17% 24% 14%

≥50% >50% ≥50% >50% >50% >50% ≥50% ≥50% ≥50%

1 Included 12.1% aged 80 years and older.
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Table 12. 30-day Outcomes and Procedure Success Rates Reported from CAS Registries

 

CREST
(2004)
(lead-in)

Mo.Ma  
(Reimers  
et al., 2005)

CaRESS  
(2005)

PRIAMUS  
(2005)

BEACH  
(2005)  
Pivotal Combined

CREATE  
(2006) 
Pivotal

ARCHeR  
(2006)

CAPTURE  
(2006)

Procedural Success Rate 99.7% 100%  96.5% 99.0% 98.3% 98.2% 97.4% 98.8%  

30-Day Outcomes 

Death 0.8% 0.6% 0% 0.5% 1.5% 1.5% 1.9% 2.1% 1.8%

Major Stroke 0.6%  0.2% 1.9%1 2.1%2 3.5% 1.5% 2.0%

Minor Stroke 4.5%  3.8% 2.5% 2.5% 1.0% 4.0% 2.9%

TIA   0.7%      

Stroke 4.0%  2.1% 4.1% 4.4% 4.7%3 4.5% 5.5% 4.8%

MI  0% 0% 1.0% 0.8% 1.0% 2.4% 0.9%

Death/Stroke/MI  2.1% 4.6% 5.8% 5.8% 6.2% 8.3% 6.3%

Death/Stroke 4.4% 5.7% 2.1% 4.6%    6.9% 5.7%

1  Including 3 hemorrhagic and subarachnoid hemorrhage not recorded in publication as major stroke.
2  Including 6 hemorrhagic and subarachnoid hemorrhage not recorded in publication as major stroke.
3  Percentage includes 35 strokes from Table 4 in publication, although total reported was 33.
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Table 13. 30-day Outcomes and 95% CIs for Subgroups Reported from BEACH (2005)

Subgroup Any Stroke MI Death/Stroke/MI

Symptomatic (n=189) 7.4% (4.5 to 12.0) 1.1% (0.3 to 3.8) 7.9% (4.9 to 12.7)

Asymptomatic (n=558) 3.4% (2.2 to 5.3) 0.7% (0.3 to 1.8) 5.0% (3.5 to 7.2)

Increased Medical/Surgical Risk (n=289) 5.9% (3.7 to 9.2) 1.0% (0.4 to 3.0) 8.7% (5.9 to 12.5)

Increased Anatomic Risk (n=456) 3.5% (2.2 to 5.6) 0.7% (0.2 to 1.9) 3.9% (2.5 to 6.2)

Table 14. 30-day Outcomes and 95% CIs for Subgroups Reported from ARCHeR (2006)

Subgroup Any Stroke MI Stroke/Death

Symptomatic (n=136) 10.9% (6.2 to 17.3) 2.2% (0.5 to 6.2) 11.6% (6.8 to 18.1)

Asymptomatic (n=439) 3.8% (2.3 to 6.1) 2.5% (1.2 to 4.4) 5.4% (3.5 to 8.0)

Table 15. 30-day Outcomes and 95% CIs for Subgroups Reported from CAPTURE (2006)

Subgroup Death/Stroke/MI

Symptomatic (n=482) 12.1% (9.4 to 15.2)

Asymptomatic (n=3018) 5.4% (4.6 to 6.3)

Table 16. 30-day Outcomes and 95% CIs for Subgroups Reported from the Interim Lead-in Phase of CREST (2006)

Subgroup Death/Stroke

Symptomatic (n=229) 5.7% (3.3 to 9.5)

Asymptomatic (n=516) 3.7% (2.4 to 5.7)

Table 17. Interim CREST Lead-in 30-day Death or Stroke Rates According to Age

Age n Events Death/Stroke

<60 120 2 1.7%

60-69 229 3 1.3%

70-79 301 16 5.3%

80+ 99 12 12.1%
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or older. The 30-day stroke/death rate in the 
oldest age group is similar to that reported  
in SPACE among those 75 years of age and 
older (11.0%).

While not comparative, these 30-day outcomes 
are informative. Periprocedural event rates, 
sample compositions (predominantly asymp-
tomatic patients), and event rates reported 
according to patient symptoms indicate 30-
day stroke/death rates exceeding acceptable 
levels for both asymptomatic and symptomatic 
increased-risk patients in the 3 registries 
reporting by subgroup. The interim publica-
tion from the CREST lead-in phase, reported 
periprocedural complication rates just under 
6% in average risk symptomatic patients, but 
exceeded 3% in those who were asymptomatic. 
Periprocedural stroke/death rates reported in 
the oldest age group in CREST and SPACE  
were substantial. Finally, although not catego-
rized according to the presence of symptoms, 
BEACH suggests that a group of individuals 
at high risk for CEA due to anatomic reasons 
may obtain acceptable benefit and should be 
targeted for further study—particularly within 
ongoing registries. 

Discussion
This Assessment sought evidence pertaining  
to two questions:
1. Can CAS be performed with periprocedural 

stroke/death rates accompanied by a net 
health benefit among (I) symptomatic and 
(II) asymptomatic patients at: a) average 
medical and anatomical risk, b) increased 
medical risk, and c) increased anatomic risk?

2. How do CAS, CEA, and best medical therapy 
compare in each of the above subgroups? 

Specific evidence exists pertaining only to the 
symptomatic group at average risk addressed in 
question 1. Evidence pertaining to the remain-
ing groups overlaps among them. While spe-
cific evidence is most desirable, that relevant 
to the overlapping groups is also addressed, 
according to the presence of symptoms.

1. Can CAS be performed with periprocedural 
stroke/death rates accompanied by a net 
health benefit among (I) symptomatic and 
(II) asymptomatic patients at: a) average 
medical and anatomical risk, b) increased 
medical risk, and c) increased anatomic risk?

I. Symptomatic

A. (Average risk). SPACE and EVA-3S exam-
ined symptomatic patients at average risk. The 
trials were prematurely stopped: SPACE due 
to funding and interim analysis projecting a 
sample size unlikely attainable; EVA-3S because 
of safety and futility. In both trials, peripro-
cedural stroke/death rates in the CAS arms 
exceeded the 6% level established as clinically 
acceptable and associated with an overall net 
health benefit for CEA in symptomatic patients 
(7.7% in SPACE, 9.6% in EVA-3S). Interim 
results from the CREST lead-in phase reported 
a 5.7% periprocedural stroke/death rate in 
symptomatic average risk patients. 

One interim CREST report described periproce-
dural stroke/death rates in average risk symp-
tomatic patients slightly less than 6%. However, 
considered together with results of SPACE and 
EVA-3S current evidence does not support con-
cluding benefit of CAS in this group.

B. (Increased medical risk). No study 
adequately directly addressed this subgroup. 
Evidence pertaining to this group is insufficient. 

In the group of symptomatic patients from 
SAPPHIRE the periprocedural stroke/death 
or MI rate was 2.0%, less than the 6% rate 
acceptable for CEA. However, there were only 
50 patients in the CAS symptomatic arm and 
the rate represents just 1 event. The BEACH 
registry reported a 5.9% periprocedural stroke 
rate in the increased medical risk group 
(n=289) but did not distinguish symptomatic 
individuals (24% of the overall registry) in the 
subgroup. From the overall BEACH sample 
(patients at increased medical or anatomic 
risk), in the symptomatic group the periproce-
dural stroke, death or MI rate was 7.9%, any 
stroke 7.4%. The ARCHeR registry enrolled 
individuals at increased medical or anatomic 
risk; among symptomatic patients (n=136) the 
periprocedural stroke/death rate was 11.6%. 
In CAPTURE, a postapproval study enrolling 
patients similar to ARCHeR, the periprocedural 
death/stroke or MI rate among symptomatic 
patients (n=482) was 12.1%. 

Available evidence indirectly informs regard-
ing outcomes in the symptomatic increased 
medical risk group. The evidence indicates that 
periprocedural death/stroke rates following 
CAS exceed levels judged to provide benefit.



Technology Evaluation CenterTechnology Evaluation CenterTechnology Evaluation Center

26 ©2007 Blue Cross and Blue Shield Association. Reproduction without prior authorization is prohibited.

C. (Increased anatomic risk). No study 
reported outcomes specific to this group. 
However, in BEACH, the periprocedural stroke 
rate in the increased anatomic risk group 
(symptomatic and asymptomatic) was 3.5% and 
death/stroke or MI rate was 3.9%. While the 
result is suggestive, the absence of reporting 
according to the presence of symptoms and 
being a single registry, precludes conclusions.

II. Asymptomatic

A. (Average risk). Interim results from the 
CREST lead-in phase found a periprocedural 
stroke/death rate of 3.7% in this subgroup 
exceeding the 3% acceptable rate for asymp-
tomatic patients. Limited evidence does not 
support benefit in this group.

B. (Increased medical risk). The BEACH 
results cited above (symptomatic IB, increased 
medical risk) apply; evidence is insufficient. 

SAPPHIRE included 117 individuals falling 
into the increased medical and anatomic risk 
groups with stenosis ≥80%. The reported peri-
procedural stroke rate was 5.1%. In ARCHeR 
the periprocedural stroke/death rate in this 
group was 5.4%. CAPTURE reported a stroke/
death or MI rate of 5.4% (the periprocedural 
MI rate in the overall registry was 0.9%). These 
exceed the 3% rate of stroke/death recom-
mended for CEA in asymptomatic patients. 

C. (Increased anatomic risk). The BEACH 
results cited above (symptomatic IC, increased 
anatomic risk) apply; evidence is insufficient. 

2. How do CAS, CEA, and best medical therapy 
compare in each of the above subgroups? 

Both SPACE and EVA-3S compared outcomes of 
CAS to CEA (both with best medical therapy) 
in patients of average medical and anatomic 
risk. Neither trial found CAS equivalent to 
CEA. While EPDs were not used in all patients 
in SPACE and a small number in EVA-3S, it 
is highly unlikely to alter their conclusions. 
SAPPHIRE compared CAS to CEA (both with 
best medical therapy). For asymptomatic and 
symptomatic patients combined, CAS was 
not inferior to CEA. However, as previously 
noted, periprocedural complication rates in 
the asymptomatic arm exceeded levels judged 
to provide patient benefit; the small number 
of events and patients in the symptomatic arm 
preclude conclusions. 
 

No studies compared CAS with best medical 
therapy to best medical therapy alone among 
symptomatic or asymptomatic patients. 

Available evidence does not support concluding 
that CAS is performed with acceptable peripro-
cedural stroke/death rates for symptomatic or 
asymptomatic patients, that it provides a net 
health benefit to patients at increased medical 
risk, or that it is equally effective as CEA. There 
is limited evidence and a clinical rationale to 
suggest CAS may be beneficial in the group  
of patients at increased anatomic risk, but 
current evidence has not clearly differentiated 
outcomes for this subgroup according to symp-
tomatic status. 

Summary of Application of the 
Technology Evaluation Criteria

Based on the available evidence, the Blue  
Cross and Blue Shield Association Medical 
Advisory Panel (MAP) made the follow-
ing judgments about whether carotid artery 
angioplasty and stenting (CAS) with or without 
distal embolic protection (EPD) meets the Blue 
Cross and Blue Shield Association Technology 
Evaluation Center (TEC) criteria to reduce 
stroke risk from symptomatic or asymptomatic 
carotid stenosis.

1. The technology must have final  
approval from the appropriate 
governmental regulatory bodies.

CAS with or without EPD is a procedure and 
thus does not require U.S. Food and Drug 
Administration (FDA) approval. However, the 
devices used for CAS and for EPD require FDA 
approval. As of this writing, five manufactur-
ers’ stents are FDA approved and indicated 
specifically for use in carotid arteries. The FDA 
has mandated postmarketing studies for these 
devices, including longer follow-up for patients 
already reported to the FDA, and additional 
registry studies primarily to compare outcomes 
as a function of clinician training and facility 
experience. The devices are indicated for  
combined use of a stent and EPD to reduce 
stroke risk in patients at increased risk for  
perioperative complications from CEA who  
are symptomatic with ≥50% stenosis or asymp-
tomatic with ≥80% stenosis. CAS with these 
devices for patients outside these indications  
is an off-label use.
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2. The scientific evidence must permit 
conclusions concerning the effect of the 
technology on health outcomes.

Available evidence permits conclusions regard-
ing periprocedural complication rates (particu-
larly stroke or death) following CAS in patients 
of average risk and increased medical risk. 
Periprocedural stroke/death rates surpassed 
those established as clinically acceptable and 
associated with an overall net health benefit 
following CEA. There is limited evidence and a 
clinical rationale to suggest CAS may be benefi-
cial in the group of patients at increased ana-
tomic risk, but present evidence has not clearly 
differentiated outcomes for this subgroup 
according to symptomatic status. Thus, there 
is insufficient evidence to draw conclusions 
regarding patients at increased anatomic risk. 

A number of large ongoing trials will yield 
more evidence in the near future (e.g.,  
“Carotid Revascularization Endarterectomy 
versus Stent Trial” [symptomatic and asymp-
tomatic]; “International Carotid Stenting Study” 
[symptomatic]; and the “Asymptomatic Carotid 
Surgery Trial” ACT-1).

3. The technology must improve  
the net health outcome.

Available evidence does not support conclud-
ing that CAS with EPD improves the net health 
outcome among patients at average or increased 
medical risk. Evidence regarding patients at 
increased anatomic risk is suggestive of benefit, 
but insufficient to draw conclusions. 

4. The technology must be as beneficial  
as any established alternatives.

Available evidence does not support concluding 
that CAS with or without EPD is as beneficial 
as CEA for symptomatic patients at average 
risk or increased medical risk. Whether CAS 
with EPD is as beneficial as CEA for asymptom-
atic patients at average medical or anatomic 
risk cannot be determined because available 
evidence is insufficient to permit conclusions. 
There is no evidence comparing best medical 
therapy for symptomatic or asymptomatic 
patients at increased medical or anatomic risk, 
preventing conclusions. 

5. The improvement must be attainable 
outside the investigational settings.

Whether CAS with EPD improves health  
outcomes has not yet been demonstrated in  
the investigational setting.

Based on the above, use of carotid artery  
angioplasty and stenting with or without 
embolic protection of the cerebral circulation 
for patients with carotid artery stenosis does 
not meet the TEC criteria.

NOTICE OF PURPOSE: TEC Assessments are scientific opinions, provided solely for informational purposes. TEC Assessments  
should not be construed to suggest that the Blue Cross Blue Shield Association, Kaiser Permanente Medical Care Program or the  
TEC Program recommends, advocates, requires, encourages, or discourages any particular treatment, procedure, or service; any 
particular course of treatment, procedure, or service; or the payment or non-payment of the technology or technologies evaluated.

CONFIDENTIAL: This document contains proprietary information that is intended solely for Blue Cross and Blue Shield Plans  
and other subscribers to the TEC Program. The contents of this document are not to be provided in any manner to any other  
parties without the express written consent of the Blue Cross and Blue Shield Association.
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Appendix Table A. Eligibility Criteria of Representative RCTs on Best Medical Therapy with or without CEA 
Selection criteria of the ECST, VA and MRC ACST studies were similar, except for acceptable limits of stenosis shown in Appendix Table B.

Trial
Citation Inclusion Criteria Exclusion Criteria

NASCET

NASCET
Collaborators
1991a, 1991b

–  symptoms of focal cerebral ischemia (TIA or monocular blindness)  
in previous 120 days

–  symptoms ipsilateral to stenosis of >70% or <70% by angiography 
(stratified and reported separately)

– symptom duration <24 hours or resulting in non-disabling stroke

– age ≥80 years (initial phase; included for later phase)
– intracranial stenosis > cervical stenosis
–  other illness limiting life expectancy to <5 years (renal, liver  

or lung diseases, cardiac valve disorders or arrhythmias)
– inability to angiographically visualize symptomatic artery
– cerebral infarction limiting useful function in affected arterial territory
– presence of non-atherosclerotic carotid disease
– cardiac lesions likely to cause cardioembolism
– history of ipsilateral CEA (recurrent stenosis)
– lack of informed consent

ACAS

ACAS 1995

– age between 40 and 79 years
– compatible history and findings on physical examination
– acceptable laboratory and EKG results
–  stenosis ≥60% by arteriography in prior 60 days or Doppler exam  

in past 60 days showing frequency or velocity > instrument-specific  
cut point with 95% positive predictive value

–  cerebrovascular event in distribution of affected artery  
or vertebrobasilar system

– symptoms referable to contralateral hemisphere within prior 45 days
– contraindication to aspirin therapy
– any disorders that might seriously complicate surgery
–  any condition that could prevent continuing participation or cause  

death or disability within 5 years
– lack of informed consent
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Appendix Table B. Benefits and Risks of Adding CEA to Best Medical Therapy (adapted from Chassin 1998 and FDA 2004)

TRIAL Stenosis Severity n Recent Symptoms Absolute MAE Risk Reduction Time to Reported Benefit Perioperative MAE Rate 

NASCET ≥70% 659 yes 16.5%1 2 years 5.8%

ECST ≥60% 356 yes 11.6%1 3 years 4.8%

NASCET 50–69% 430 yes 10.1%1 5 years 6.7%

VA309 >50% 189 yes 11.7%1 1–2 years 7.7%

NASCET <50% 678 yes 0.8%2 5 years 6.7%

ECST <40% 1,455 yes surgery ↑ risk 3 years 7.9%

ACAS ≥60% 1,662 no 6.3%3 5 years 2.3%

MRC ACST ≥60% 3,120 no 5.4%1 5 years 3.1%

VA Study ≥50 211 no 04 7 years 4.7

1  p<0.05
2 p=0.97
3  p=0.08
4  p=0.92
MAE major adverse events (includes perioperative and subsequent non-fatal strokes or death).
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Appendix Table C. Detailed Inclusion and Exclusion Criteria for SAPPHIRE, SPACE, and EVA-3S

Inclusion Criteria Exclusion Criteria

SAPPHIRE

General Criteria
Age ≥18 yr
Unilateral, bilateral atherosclerotic or restenotic lesions in native carotid arteries
Symptoms plus stenosis of more than 50 percent of the luminal diameter
No symptoms plus stenosis of more than 80 percent of the luminal diameter
Criteria for Increased Risk (at least one required)
Clinically significant cardiac disease (congestive heart failure, abnormal stress test, or 
need for open-heart surgery)
Severe pulmonary disease
Contralateral carotid occlusion
Contralateral laryngeal-nerve palsy
Previous radical neck surgery or radiation therapy to the neck
Recurrent stenosis after endarterectomy
Age >80 yr

Ischemic stroke within previous 48 hr
Presence of intraluminal thrombus
Total occlusion of target vessel
Vascular disease precluding use of catheter-based techniques
Intracranial aneurysm >9 mm in diameter
Need for more than two stents
History of bleeding disorder
Percutaneous or surgical intervention planned within next 30 days
Life expectancy < 1 yr 

SPACE

Symptomatic stenosis (amaurosis, transient ischaemic attack, or stroke) of carotid 
bifurcation or internal-carotid artery within past 180 days
Modified Rankin scale score of 3 or less
Older than 50 years
Negative pregnancy test for women with childbearing potential
Possibility for follow up examinations
Written informed consent provided
Stenosis of carotid bifurcation or internal-carotid artery of at least 70% proven by 
duplex ultrasound or angiography corresponding to stenosis level of at least 70% 
according to criteria of European Carotid Surgery Trial or at least 50% according to 
criteria of North American Symptomatic Carotid Endarterectomy Trial.

Intracranial bleeding in past 90 days
Uncontrolled arterial hypertension
Known intracranial arteriovenous malformation or aneurysm
Severe concomitant disease with poor prognosis (life expectance <2 years)
Uncorrectable coagulation abnormality
Contraindications for heparin, aspirin, or clopidogrel
Contraindications for contrast media
Planned simultaneous surgical procedures
Any condition that could impose hazards to the patient if study therapy is imitated,  
left to discretion of investigator
Occlusion of common-carotid or internal-carotid artery
Stenosis due to external compression
Stenosis due to dissection
Recurrent stenosis after surgery or stenting
Radiation-induced stenosis
Stenosis due to fibromuscular dysplasia
Floating thrombus
Additional intracranial stenosis with higher grade
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Appendix Table C. Detailed Inclusion and Exclusion Criteria for SAPPHIRE, SPACE, and EVA-3S (cont’d)

Inclusion Criteria Exclusion Criteria

EVA-3S

18 years of age or older
A hemispheric or retinal transient ischemic attack or a nondisabling stroke (or retinal 
infarct) within 120 days before enrollment, and had a stenosis of 60 to 99% in the 
symptomatic carotid artery, as determined by the North American Symptomatic Carotid 
Endarterectomy Trial (NASCET) method. (degree of stenosis 70% or more at the start  
of the trial, changed in 10/2003 to ≥60%)
Ipsilateral carotid stenosis ≥60% required confirmation by angiography or both duplex 
scanning and magnetic resonance angiography
 
 
 

Modified Rankin score ≥3 (on a scale of 0 to 5)
Nonatherosclerotic carotid disease
Severe tandem lesions (stenosis of proximal common carotid artery or intracranial 
artery that was more severe than the cervical lesion)
Previous revascularization of the symptomatic stenosis
History of bleeding disorder
Uncontrolled hypertension or diabetes
Unstable angina
Contraindication to heparin, ticlopidine, or clopidogrel
Life expectancy of less than 2 years
Percutaneous or surgical intervention within 30 days before or after the  
study procedure. 
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Appendix Table D. Patient Characteristics as Reported in Published Registries

 

CREST 
(2004)
(lead-in)

Mo.Ma  
(2005)

CaRESS  
(2005)

PRIAMUS  
(2005)

BEACH  
(2005)  
Pivotal Combined

CREATE  
(2006) 
Pivotal

ARCHeR  
(2006)

CAPTURE  
(2006)

Medical/Surgical Risk          

HTN 84% 79% 81%  90% 88% 90% 84% 88%

Hypercholesterolemia 82% 69% 64%     73% 78%

MI within 30 days     1%   3% 1%

Prior MI  28% 66%  36% 35% 30% 66%  

CAD  57% 66%  22% 35%  66%  67%

Prior CABG 26% 13%        

DM 31% 29% 29%  34% 33% 31% 38% 35%

Current Smoker 16%       21%

Current/Prior Smoker     75% 75%    

Unstable Angina     12%  4% 8% 4%

Renal Disease       19% 3% 8%

Pulmonary Disease     2% 4% 4% 19%

CHF   13%  22% 20%   16%

Age ≥80 12.1% 4.5%   18%   16% 24%

Age ≥75     39% 50%   

Prior Stroke     28% 27%  28%  

Prior TIA   20%     26%  

Prior Stroke or TIA   22%    38%   
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Appendix Table D. Patient Characteristics as Reported in Published Registries (cont’d)

 

CREST 
(2004)
(lead-in)

Mo.Ma  
(2005)

CaRESS  
(2005)

PRIAMUS  
(2005)

BEACH  
(2005)  
Pivotal Combined

CREATE  
(2006) 
Pivotal

ARCHeR  
(2006)

CAPTURE  
(2006)

Anatomic Risks          

Surgically inaccessible     9%   8%  

Unfavorable anatomy       14% 14% 11%

Prior radiation     11%   7%  

Prior neck surgery     11%   3%  

Tracheostomy     2%   2%  

Spinal immobility     7%   3%  

Laryngeal Nerve Palsy     1%   .5%  

Contralateral Occlusion     18%  10% 16% 8%

PVD   45%     36%

Prior CEA   30%  41%     

Restenosis after CEA     34%  24% 35%  

Increased (“High”) Risk – 75%1 84%2 – 100%3 100% 100%4 5

1  Age greater than 80 years; ejection fraction less than 30%, severe COPD, CAD with a 70% stenosis, unstable angina, CABG or valve surgery ≤30 days, uncontrolled diabetes, restenosis after CEA, surgically inaccessible 
lesions, need for hemodialysis

2 Either age 80 years or older, NYHA class III/IV for congestive heart failure, chronic obstructive pulmonary disease, contralateral stenosis >50%, prior CEA or CAS, or prior coronary artery bypass grafting.
3 58.8% met anatomic high risk criteria
4 76.3% met medical criteria; 52.7% anatomic; 29.1% medical and anatomic.
5  80.6% met medical criteria; 13.9% anatomic
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