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Carotid Artery Stenting and Carotid Endarterectomy

Stroke is the third leading cause of death and the leading cause of disability in the United States (1).
Carotid occlusive disease accounts for roughly one third of strokes in this country. Surgical
intervention with carotid endarterectomy (CEA) has been proven to reduce the incidence of stroke in
both symptomatic and asymptomatic patients compared with medical therapy alone (2-4). Recently
carotid artery stent implantation (CAS) has been proposed as an effective alternative to CEA for
stroke prevention.

Carotid endarterectomy for the treatment of carotid occlusive disease was first performed in the
1950’s. Randomized, controlled clinical trials demonstrating the procedure’s efficacy were
performed several decades later. The NASCET trial compared CEA to medical therapy in
symptomatic patients and demonstrated a significant 17% absolute risk reduction for stroke at 2
years (2). The ACAS and ACST trials evaluated asymptomatic patients and demonstrated a
significant, albeit less dramatic, absolute risk reduction for stroke (6.0%, 5.4%, respectively) (3, 4).
These studies (and others) form the foundation for the current AHA/American Academy of
Neurology recommendations that symptomatic patients with a >50% stenosis should be considered
for carotid revascularization if the peri-procedural risk of death or CVA is < 6%. Asymptomatic
patients with a >80% stenosis should be considered for revascularization if the peri-procedural risk
of death or CVA is < 3% (5, 6).

Patients in the NASCET, ACAS, and ACST trials were carefully selected and at low risk for
surgical complication. Currently, many patients routinely undergoing CEA would have been
excluded from those trials and such patients have significantly worse outcomes than reported in the
trials (7). Carotid endarterectomy, like all invasive procedures, is not without complication. High
volume centers performing CEA allow us to assess the risk and provide benchmarks with which to
compare CAS (8). In addition, utilization of high volume centers avoids the inherent bias seen with
individual operator reporting (9). Utilizing these data sets, factors which define a high surgical risk
patient subset have been identified and can be divided into anatomic and co-morbid factors (10).
Anatomic factors include contra-lateral occlusion, re-stenotic lesions, prior radiation, “hostile neck”,
high lesions requiring disarticulation of the mandible or low lesions below the clavicle requiring
opening the chest cavity. Medical co-morbidities include CHF (class 111 or 1V), asymptomatic left
ventricular dysfunction, unstable angina, recent CABG, COPD, recent Ml or age > 80 years.

Over the past fifteen years, carotid angioplasty with stenting has been developed as an alternative to
carotid endarterectomy. Initial efforts were limited by technical factors such as stent compression
and plague embolization to the brain (11-14). Nitinol alloy crush resistant stents and distal
protection devices to prevent embolization have been developed (15). Initial studies have focused on
patients at high risk for surgical complications who would have been excluded from the NASCET,
ACAS, and ACST trials. In this patient subset, a randomized, controlled trial (16) has been
published in a peer reviewed journal and unequivocally demonstrates that CAS is equivalent, i.e.
non-inferior, to CEA (16). Three year follow up data have recently been published in a peer
reviewed journal and demonstrate the durability of the outcomes with out a “tail-off” effect (17).
Additional peer reviewed and published data sets include multiple pre-and post-market
investigations required by the FDA and a large meta-analysis (18-30). A multi-specialty societal
paper (10) reviewed the randomized controlled trial and additional peer-reviewed studies and found
benefit with CAS in high surgical risk patient (both anatomic and co-morbid features) in
symptomatic patients with > 50% stenosis and asymptomatic patients with >80% stenosis. Based on
many of theses studies the FDA has approved devices for CAS. The Centers for Medicare and

Our mission: To be an advocate for accessible, highest quality, cost effective
cardiovascular care for the people of California and to actively support the cardiac care
team in their efforts to achieve these goals.



Cadlifornia Chapter of the

. ¢ American College of Cardiology
CallfOl‘nla www.caacc.org Email: administrator@caacc.org

CHAPTER 1731 Howe Ave. #247
Sacramento CA 95825
Toll Free 1-877-460-5880 253.265.3043 facsimile
Medicaid Services (CMS) has indicated coverage for CAS in selected patient subsets and is
currently reviewing additional data to consider expanding coverage. Following CMS and FDA
approval, additional FDA mandated post-market approval studies have been performed. All have
demonstrated acceptable results with CAS (31).

RANDOMIZED CONTROLLED TRIAL IN HIGH SURGICAL RISK PATIENTS

SAPPHIRE -The SAPPHIRE trial was a randomized, controlled trial comparing CEA with CAS in
patients at high surgical risk (16). It initially included 747 patients who were either symptomatic
with >50% ipsilateral stenosis or asymptomatic with a >80% ipsilateral stenosis; the majority were
asymptomatic. A multi-disciplinary team of surgeons, neurologists and interventionalists confirmed
the patient’s eligibility. Vascular surgery declined 406 patients as not acceptable surgical
candidates and therefore could not be randomized; interventionalists declined 7 patients. 334 were
then randomized to either CEA or CAS and 310 were treated. 24 patients either withdrew consent,
did not meet entry criteria or their condition deteriorated prior to their procedure. Thus 151
patients were randomized to CEA and 159 patients to CAS. The primary end point was death, stroke
or myocardial infarction at 30 days or death or ipsilateral stroke between 31 days and 1 year. The
primary endpoint occurred in 12.2% of CAS patients and 20.1% for CEA. This 7.9% absolute
difference was significant (p=0.004) for non-inferiority.

POST MARKET APPROVAL (PMA) STUDIES IN HIGH SURGICAK RISK PATIENTS

EXACT and CAPTURE-2- Both of these FDA mandated multi-center studies evaluated patients
who were treated with newly approved devices by operators with varying levels of experience with
CAS. Together these studies included over 6,000 patients and the results were published in a peer
reviewed publication (31).All patients had independent neurological evaluation pre- and post
procedure ensuring that all adverse neurologic events were captured. The overall combined 30 day
death and stroke rate for the EXACT trial was 4.1% and 3.4% for CAPTURE-2. When looking at
patients comparable to the 2006 AHA guidelines (< 80 years old) the combined 30 day risk of death
and stroke was 5.3% in symptomatic patients (> 50% stenosis) and 2.9% for asymptomatic (>80%
stenosis) patients. Thus meeting or exceeding AHA recommendations of <6.0% in symptomatic
patients and <3% in asymptomatic patients.

SAPPHIRE WORLDWIDE REGISTRY IN HIGH SURGICAL RISK PATIENTS

The SAPHPHIRE WW is post-market approval registry evaluating 30 day outcomes after CAS in
high surgical risk patients performed by operators of varying experience at both academic and
community hospitals. The first 2,001 patients were recently reported in a peer reviewed journal
(32). All patients were judged high surgical risk and 27% were symptomatic. All had independent
neurological evaluation pre- and post procedure ensuring that all adverse neurologic events were
captured, similar to other studies. The overall combined 30 day risk of death or Ml was 4.0%.
Symptomatic patients had 30 day death and stroke rate of 4.5% and asymptomatic patients had a
risk of 1.8%. Again meeting or exceeding AHA recommendations for revascularization.

ELDERLY PATIENTS AS CANDIDATES FOR CAS

Attention has focused on elderly patients (>75-80 years old) having an increased risk of invasive
procedures- with both CEA (7, 33, 34) and CAS (22, 31, 35, 36). More recently three peer reviewed
manuscripts have been published describing CAS with embolic protection in high surgical risk
patients >80years of age (37-39). The combined overall 30 day death and stroke rate was 3.3%,
2.7% and 0.8%. Other authors have emphasized the importance of patient selection and the
avoidance of adverse features such as difficult aortic arch access, lesion tortuosity, and calcification
which increase the risk of CAS. (36). Longer term follow up has indicated that, despite advanced
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age, the majority of patients survive at least three years and that 97% remain free of neurologic
events (40). Currently the published, peer-reviewed literature does not support an age cut-off.

SOCIETAL STATEMENTS

Representatives from Cardiology (ACC and SCAI), Intervention Radiology (SIR), Vascular
Medicine (SVM), and Neuroradiology (ASTIN) have co-authored a position paper endorsing the
benefit of CAS in both symptomatic and asymptomatic high surgical risk patients (10). More
recently the American Heart Association (AHA) sponsored a recently published symposium. The
expert panel’s writing committee consisted of representatives from Neurology, Radiology, Vascular
Surgery, Vascular Medicine, and Cardiology (41, 42). They concluded:

For “patients with increased surgical risk for CEA due to unfavorable anatomic
characteristics or medical co-morbidities, CAS offers an alternative treatment. Because it
is a less invasive procedure, CAS should be considered an option for patients who are at
increased risk for surgical complications of CEA”. (41)

NON-HIGH SURGICAL RISK PATIENTS

Initial efforts at evaluating the safety of CAS and comparisons to CEA have focused on the high
surgical risk patient population. Attention is now turning to the non-high surgical risk population,
both symptomatic and asymptomatic. A randomized controlled clinical trail has been recently
published in a peer reviewed journal indicating that in symptomatic, non-high surgical risk patients
CAS is inferior to CEA (43). This trial has been criticized for the extreme inexperience of the
interventionalists performing CAS and the notable experience of the operators performing CEA.
Carotid stenting has a steep learning curve and some interventionalists in this trial had performed
less than 5 procedures and were still being tutored at the time they began enrolling. A second study
was stopped early due to funding constraints. Their outcomes were published and failed to prove
non-inferiority between CAS and CEA however the results are inconclusive due to the failure to
enroll the pre-determined sample size in order to draw statistically valid conclusions (44).

Current large scale randomized clinical trials such as CREST, TACIT (which includes a medical
therapy arm), ACST -2 (international) and ACT-1 (asymptomatic patients only) are being conducted
and their results in this important patient sub group are eagerly awaited. Until data comparing CEA
to CAS in the non-high risk patients is reviewed and published in peer reviewed journals we cannot
conclude that CAS is equivalent to CAS in this patient group and thus CEA remains the only proven
intervention for stroke risk reduction.

Should non-high risk patients want carotid stenting as treatment for their disease they should be
enrolled in one of the approved trials (but run the risk of being randomized to the CEA arm).

COST

Multiple studies have been undertaken to understand the financial implications of CAS and CEA.
When looking at cost per quality-adjusted life year, CEA has been shown to be acceptable in
younger patients, in patients with a low risk of peri-procedural stroke or in patients with a higher
risk of stroke with medical therapy alone. This Markov decision analysis would be applicable to
CAS as well (45). Direct comparisons of costs per admission between CEA and CAS are hampered
by uncertainty of cost assumptions or heterogeneity in data but, in general, the two procedures are
cost equivalent with CAS having greater direct costs associated with device acquisition but shorter
lengths of stay and lower post procedure costs (46).
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SUMMARY

Controversies surrounding carotid artery intervention, both carotid stent implantation and carotid
endarterectomy, remain. Carotid revascularization is frequent, with over 135,000 procedures
performed annually, 90% of which are CEA. The vast majority (92%) of these patients are
asymptomatic (47). Surgical revascularization has been proven to prevent stoke compared to
medical therapy alone. In studies of more than 10,000 patients at high risk for surgical complications
(both anatomic and co-morbid features) carotid artery stenting has been shown to be equivalent to
CEA. In this patient population, CAS is an appropriate alternative to CEA (48).

There is minimal and less than robust data on non-high surgical risk patients at this time and these
patients should still be considered for CEA. Studies in non-high surgical risk patients are underway
and their results should shed light on this patient population. Until those studies are published,
conclusions regarding CAS in the non-high surgical risk group cannot be made.

It is imprudent to consider abandoning CEA in favor of CAS, and would be foolhardy to ignore the
wealth of data supporting CAS. It is not a question of superiority of either strategy. It requires a
patient-specific approach based on safety; identifying which patients would be better candidates for
stenting or better candidates for endarterectomy. Once the lowest risk procedure is identified this
can be discussed with the patient and an informed decision made.

- Patrick S. Coleman MD, FACC, FSCAI
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