JOURNAL OF THE AMERICAN COLLEGE OF CARDIOLOGY

VOL. 75, NO. 6, 2020

ª 2020 BY THE AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION
PUBLISHED BY ELSEVIER

JACC REVIEW TOPIC OF THE WEEK

Carotid Artery Stenting in Asymptomatic
Carotid Artery Stenosis
JACC Review Topic of the Week
Joshua A. Beckman, MD,a Gary M. Ansel, MD,b Sean P. Lyden, MD,c Tony S. Das, MDd

JACC JOURNAL CME/MOC/ECME
This article has been selected as the month’s JACC CME/MOC/ECME
activity, available online at http://www.acc.org/jacc-journals-cme by
selecting the JACC Journals CME/MOC/ECME tab.

3. Answer the post-test questions. A passing score of at least 70% must be
achieved to obtain credit.
4. Complete a brief evaluation.
5. Claim your CME/MOC/ECME credit and receive your certiﬁcate elec-

Accreditation and Designation Statement
The American College of Cardiology Foundation (ACCF) is accredited by
the Accreditation Council for Continuing Medical Education to provide
continuing medical education for physicians.
The ACCF designates this Journal-based CME activity for a maximum
of 1 AMA PRA Category 1 Credit(s). Physicians should claim only the
credit commensurate with the extent of their participation in the activity.

tronically by following the instructions given at the conclusion of the
activity.
CME/MOC/ECME Objective for This Article: Upon completion of this activity, the learner should be able to: 1) identify the high risk factors of carotid
revascularization; 2) discuss the adverse outcomes associated with carotid
revascularization; 3) compare the outcomes of different carotid revascularization modalities in the CREST and ACT-1 clinical trials; and 4) identify

Successful completion of this CME activity, which includes participation in

the threshold of cases performed to establish best outcomes with

the evaluation component, enables the participant to earn up to 1 Medical

endovascular carotid revascularization.

Knowledge MOC point in the American Board of Internal Medicine’s (ABIM)
Maintenance of Certiﬁcation (MOC) program. Participants will earn MOC
points equivalent to the amount of CME credits claimed for the activity. It is
the CME activity provider’s responsibility to submit participant completion
information to ACCME for the purpose of granting ABIM MOC credit.

CME/MOC/ECME Editor Disclosure: JACC CME/MOC/ECME Editor
Ragavendra R. Baliga, MD, FACC, has reported that he has no ﬁnancial
relationships or interests to disclose.
Author Disclosures: Dr. Beckman has been a consultant for Antidote
Therapeutics, Amgen, AstraZeneca, Boehringer Ingelheim, Merck, Novo

Carotid Artery Stenting in Asymptomatic Carotid Artery Stenosis: JACC Review

Nordisk, GlaxoSmithKline, and Sanoﬁ; and has served on data and safety

Topic of the Week will be accredited by the European Board for Accreditation

monitoring boards for Novartis and Bayer. Dr. Ansel has been a consultant

in Cardiology (EBAC) for 1 hour of External CME credits. Each participant

for Medtronic, Boston Scientiﬁc, Phillips, CR Bard, Cook, Surmodics,

should claim only those hours of credit that have actually been spent in the

Abbott Vascular, and W.L. Gore; and has received royalties from Cook

educational activity. The Accreditation Council for Continuing Medical Ed-

Medical. Dr. Lyden has been a consultant for Endologix and PQ Bypass. Dr.

ucation (ACCME) and the European Board for Accreditation in Cardiology

Das has received honoraria from Abbott, Boston Scientiﬁc, LivMor, and

(EBAC) have recognized each other’s accreditation systems as substantially

National Cardiovascular Partners; has been a consultant for Abbott, Boston

equivalent. Apply for credit through the post-course evaluation. While of-

Scientiﬁc, Cardinal Health, and National Cardiovascular Partners; is a

fering the credits noted above, this program is not intended to provide

stockholder in Janacare and LivMor; and has received research funding

extensive training or certiﬁcation in the ﬁeld.

from Boston Scientiﬁc and LivMor.

Method of Participation and Receipt of CME/MOC/ECME Certiﬁcate

Medium of Participation: Print (article only); online (article and quiz).

To obtain credit for JACC CME/MOC/ECME, you must:
1. Be an ACC member or JACC subscriber.
2. Carefully read the CME/MOC/ECME-designated article available onListen to this manuscript’s

line and in this issue of the Journal.

CME/MOC/ECME Term of Approval
Issue Date: February 18, 2020
Expiration Date: February 17, 2021

audio summary by
Editor-in-Chief
Dr. Valentin Fuster on
JACC.org.
From the aCardiovascular Division, Vanderbilt University Medical Center, Nashville, Tennessee; bDepartment of Cardiology,
Riverside Methodist Hospital, Columbus, Ohio; cDepartment of Vascular Surgery, Heart and Vascular Institute, Cleveland Clinic
Foundation, Cleveland, Ohio; and the dHeart and Vascular Division, Texas Health Dallas, Dallas, Texas. Dr. Beckman has been a
consultant for Antidote Therapeutics, Amgen, AstraZeneca, Boehringer Ingelheim, Merck, Novo Nordisk, GlaxoSmithKline, and
Sanoﬁ; and has served on data and safety monitoring boards for Novartis and Bayer. Dr. Ansel has been a consultant for

ISSN 0735-1097/$36.00

https://doi.org/10.1016/j.jacc.2019.11.054

Beckman et al.

JACC VOL. 75, NO. 6, 2020
FEBRUARY 18, 2020:648–56

Carotid Stenting

Carotid Artery Stenting in
Asymptomatic Carotid Artery Stenosis
JACC Review Topic of the Week
Joshua A. Beckman, MD,a Gary M. Ansel, MD,b Sean P. Lyden, MD,c Tony S. Das, MDd

ABSTRACT
The advance of therapies to reduce the stroke impact of asymptomatic carotid artery stenosis has proved difﬁcult over
the last decade. Disagreement concerning the underlying randomized control trials has limited entry into the care arena
of endovascular therapies. Recently, advances in percutaneous therapies for carotid artery disease have been reported
and provide a substantial database supporting the further incorporation of endovascular-based therapies in patients who
need revascularization and meet selection criteria. With a second randomized control trial now published, it is time for a
re-evaluation of endovascular therapy as a component of carotid artery care. This review describes the advances in the
ﬁeld in the last 5 years, clarifying the current position of these therapies in the care of the patient with asymptomatic
carotid artery disease. (J Am Coll Cardiol 2020;75:648–56) © 2020 by the American College of Cardiology Foundation.

T

he advance of percutaneous, endovascular

approved coverage for a Category B U.S. Food and Drug

therapies for vascular disease has been unre-

Administration Investigational Device Exemption for

mitting over the last several decades. What

carotid stenting clinical trials. In 2005, coverage was

began with coronary artery intervention incorpora-

expanded to post-approval studies of carotid artery

tion into routine practice has progressed to include

stenting (CAS) in symptomatic high-risk CEA patients

lower extremity artery disease, renal and visceral ar-

with >70% stenosis, limited to a U.S. Food and Drug

tery disease, and abdominal aortic aneurysm. In

Administration–approved stent implanted using an

each of these vascular beds, devices have been

embolic protection device. In 2006, CMS created a new

created, demonstrated to be safe in humans, and

category of post-approval extension studies. The

tested against current standard of care followed by a

deﬁnitive trial was started in 2006.

rapid incorporation of their use in routine practice.

In the CREST (Carotid Revascularization Endarter-

The increase in these procedures has fostered an

ectomy vs. Stenting Trial), 2,502 patients were

ongoing investment in the technology, with conse-

enrolled with symptomatic or asymptomatic carotid

quent improvements in procedural safety and patient

stenosis and randomly assigned to endovascular

outcomes.

stenting or surgical revascularization (2). The primary

Endovascular care in asymptomatic carotid artery

endpoint, which included the composite of death,

stenosis has challenged that trend. Carotid artery

stroke, and myocardial infarction (MI), did not vary

intervention passed through the ﬁrst several phases

between groups. Similarly, there was no difference in

with early experience in humans to establish safety,

the primary endpoint in the subgroup of 1,181 par-

the creation of registries to improve reporting and

ticipants with asymptomatic disease (3). Indeed,

safety, the advance of technology, and then the

there were 21 total events in each subgroup. This

deﬁnitive comparison with the established standard of

included 3 major strokes (persistent symptoms after

care, carotid endarterectomy (CEA) (1). In 2001, the

30 days) in the endovascular arm and 2 major strokes

U.S. Centers for Medicare & Medicaid Services (CMS)

in the surgical arm.
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ABBREVIATIONS

Upon completion of this trial and the pub-

AND ACRONYMS

lication of the subgroups by symptomatic
status, CMS commissioned a Medicare Evi-

CAS = carotid artery stenting

dence Development & Coverage Advisory

CEA = carotid endarterectomy

Committee meeting in 2012 to determine

CMS = Centers for Medicare &

“whether or not carotid artery stenting (CAS),

Medicaid Services

CEA and best medical therapy improve out-

MI = myocardial infarction

comes in symptomatic and asymptomatic

MRI = magnetic resonance

persons with carotid atherosclerosis” (4). To

imaging

the participants, the meeting felt contentious,

RCT = randomized clinical

with a divergent set of opinions in opposition

trial

and support of the new technology.

TCAR = transcarotid artery

The

revascularization

participants

who

supported

the

HIGHLIGHTS
 Recent clinical trials have advanced the
evidence supporting carotid artery
stenting in asymptomatic internal carotid
artery stenosis.
 With the current evidence base, carotid
artery stenting should be reimbursed for
use in appropriate patients.
 Standardization in training, data collection, and reporting should be developed
and required.

advance of carotid stenting relied on the

VQI = Vascular Quality
Initiative

National Institute of Neurological Disorders

reducing MI (9). This trial reported in 1992, well after

and Stroke–funded CREST trial and supportive reg-

the ﬁrst seminal surgical trial was underway, the

istry data. The arguments in opposition to coverage

Asymptomatic Carotid Artery Surgery trial (10), but

for carotid stenting were disparate and included:

studies thereafter, including the Asymptomatic Ca-

approval of this technology would increase the

rotid Surgery Trial (11) and CREST included MI as a

number of patients with asymptomatic disease who

key endpoint. Opinions regarding the import of MI

undergo revascularization (5), nonfatal outcomes of

are mixed in the vascular community, and CREST-2

the composite primary endpoint were placed in an

was planned without MI as a component of the pri-

artiﬁcial post hoc hierarchy (6,7), “real-world” data

mary endpoint (12). By contrast, the ACT 1 (Asymp-

did not support the ﬁndings of the National In-

tomatic Carotid Trial) included MI (13).

stitutes of Health–sponsored clinical trial (8), and

The rates of adverse events for revascularization in

more data were needed. As a result of the mixed

asymptomatic patients are low for experienced pro-

messages sent by the medical community, no

viders. National data suggest a stochastic and un-

further coverage for carotid stenting was promul-

changing w1% mortality during the ﬁrst decade of

gated. Over the last 7 years, a signiﬁcant amount of

this century (14). In the VQI, the 30-day event rates

new data have been reported, which provides an

after CEA include a death rate of w0.7%, stroke rate

opportunity for re-evaluation of the current state of

of w1.6%, and MI rate of w1.2%. The composite

this technology. Here, we summarize the current

endpoint occurred in 3.1% of patients (15). Data from

state of CAS and provide recommendations for the

the American College of Cardiology’s National Car-

next steps (Central Illustration).

diovascular Data Registry show death rates to be 0.8%
in both CEA and CAS groups in non-Hispanic Whites.

ENDOVASCULAR THERAPY FOR THE

Stroke rates were nonstatistically higher in the CAS

ASYMPTOMATIC CAROTID ARTERY

group at 3.9% versus 3.1%, whereas MI was the same
at 0.8% (16). In risk-adjusted analyses by the VQI

CAS in asymptomatic patients is likely the most-

examining carotid revascularization from 2009 to

studied vascular procedure that has yet to gain

2016, stroke and death rates (as reported by the op-

coverage. The data available to understand the risks

erators) varied signiﬁcantly across the 17 regions,

of intervention arise from disparate sources, ranging

from 0.5% to 3% with CEA and 0.6% to 5% with CAS

from registries, to data collected by the Society for

(17). The discrepancy in outcomes over the VQI re-

Vascular Surgery Patient Safety Organization Vascular

gions suggests that variation in patient selection and

Quality Initiative (VQI) and randomized clinical trials

technical expertise exert important effects. Control-

(RCTs). Each source provides a window into event

ling for competency and patient population would

rates.

help to understand the value of both procedures with

There are several issues to note before discussing

a stable background environment.

the data. First, what is the key endpoint for a carotid

Two RCTs compared CEA to CAS in patients with

revascularization trial? Early clinical trials used

asymptomatic internal carotid artery stenosis. The

stroke and death. However, the Mayo Asymptomatic

ﬁrst is CREST (2), which included 1,181 patients with

Carotid Endarterectomy trial demonstrated both a

asymptomatic carotid artery disease who were ran-

signiﬁcant MI rate and a beneﬁt to aspirin therapy in

domized to CEA or CAS. Both groups were found to
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C ENTR AL I LL U STRA T I O N The Checklist to Support Routine Use of Carotid Artery Stenting as a Therapeutic
Modality in Appropriately Selected Patients

Beckman, J.A. et al. J Am Coll Cardiol. 2020;75(6):648–56.

This ﬁgure depicts the items necessary to support the incorporation of carotid artery stenting into vascular practice and provide substantiation for its acceptability for
patient care by governmental agencies.

have 21 of the primary composite events, stroke/

and minor stroke for the CAS arm, but the differences

death/MI. There was an excess of minor MI in the CEA

were not statistically signiﬁcant. Of note, major

group and minor stroke in the CAS group, but no

stroke rates were low and did not differ by revascu-

deaths were reported out to 30 days, and no differ-

larization modality (0.5% for CAS and 0.3% for CEA;

ence was seen in major stroke between groups (3 for

p ¼ 1.00). Two RCTs have now shown that, in expert

CAS vs. 2 for CEA) (3). Major stroke was deﬁned as

hands, modality is not a signiﬁcant determinant of

having symptoms present after 30 days. Moreover, in

cerebrovascular outcome.

long-term follow-up, there was no difference in the

In the absence of variation by modality, there are

primary composite outcome or the speciﬁc outcome

patient-speciﬁc factors that associate with adverse

of stroke (18). Recently, ACT-1 randomly assigned

outcomes. These would include Black race (19), the

1,453 patients to CAS or CEA in a 3:1 randomization

presence of a contralateral carotid artery occlusion

scheme. Like CREST, there was no difference in

(20), and adverse aorta anatomy, among others

stroke/death/MI rates between groups (3.3% for CAS

(21,22). At this time, with 2 RCTs and supportive

and 2.6% for CEA; p ¼ 0.60) (13) (Figures 1 and 2).

registry data, CAS and CEA are proven equivalent

Again, MI was in numerical excess for the CEA arm,

modalities in expert hands when anatomic and
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F I G U R E 1 Contrast Angiogram of Internal Carotid Artery Stenosis in an

Asymptomatic Patient

patient ﬁtness factors are taken into account. Current
societal recommendations for CAS in asymptomatic
disease vary signiﬁcantly and may be out of date
(Table 1).

CURRENT RECOMMENDATIONS FOR
REVASCULARIZATION IN ASYMPTOMATIC
CAROTID STENOSIS
Multispecialty guidelines released in 2011 provide a
Class IIa recommendation supporting revascularization of asymptomatic internal carotid artery stenosis
of >70% if the risk of perioperative stroke, MI, and
death is low (23). The beneﬁt of revascularization was
established by 2 large studies (11,24), but both studies
began enrollment more than 25 years ago before the
current standard of medical therapy for atherosclerosis. There is evidence that medical therapy may
improve revascularization procedural outcomes (25).
There is also evidence that effective antiatherosclerotic therapy reduces the development of carotid
stenosis (26), and the need for revascularization is
declining in the United States (27). Currently, all
The image demonstrates the angiographic appearance of a severe stenosis in the internal

recommendations rely on remotely collected data and

carotid artery before endovascular revascularization.

infer the importance of more recent medical therapies
on revascularization. The question concerning the
value of revascularization and medical therapy, per
se, compared with medical therapy alone is currently
under investigation in CREST-2 (28). CREST-2 will not

F I G U R E 2 Completion Contrast Angiogram After Placement of the Xact Stent

provide additional direct comparative evidence concerning the value of CAS and CEA. The trial is actually
2 trials: a comparison of CEA with optimal medical
therapy versus optimal medical therapy and a comparison of CAS with optimal medical therapy versus
optimal medical therapy. With speciﬁc exclusion
criteria for each revascularization modality, such as
adverse neck anatomy for CEA and type 3 aorta for
CAS, the populations in each section of the overall
trial will vary importantly. We would note that the
likelihood of demonstrating superiority of either
modality will be difﬁcult. The expected event rate is
3.6% for stroke and death at 4 years. The authors
report an approximate 85% power to detect a difference if the event rate is 8.4% or 0.8% in the intensive
medical therapy arm; in other words, a more than
doubling or w75% reduction in events.
It should be noted that this question, “Is revascularization beneﬁcial?” remains apart from the modality employed for revascularization. For a while,
these 2 questions were conﬂated (5,29) in discussions

This stent was used in the ACT-1 (Asymptomatic Carotid Trial 1) clinical trial. This image

concerning novel revascularization technologies and

shows the angiographic appearance after success insertion of an Xact stent (Abbott

sowed confusion more than clarity. For now, the

Vascular, Santa Clara, California) for the stenosis noted in Figure 1.

value of revascularization is currently under study
and will not be addressed further here.
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T A B L E 1 Current Societal Guidelines for the Use of CAS and CEA in Asymptomatic Carotid Artery Stenosis

Organization
(Ref. #)

Year of
Publication

CAS Recommendation

“High Risk for CEA” CAS
CEA
Recommendation
Recommendation

Multidisciplinary
Team Recommendation

RACP (47)

2010

CAS should not be performed in
the majority of patients

NA

CEA is gold
standard

Determining suitability for procedures is
often best done as a team approach

SVS (48)

2011

Insufﬁcient data to recommend
CAS

CAS should not be
performed

I

No comment

AHA, ACCF (23)

2011

IIb

IIa

IIa

No comment

ESVS (49)

2017

IIb

IIb

IIa

I

ESC, ESVS (50)

2017

IIb

IIa

IIa

I

ACCF ¼ American College of Cardiology Foundation; AHA ¼ American Heart Association; CAS ¼ carotid artery stenting; CEA ¼ carotid endarterectomy; ESC ¼ European Society
of Cardiology; ESVS ¼ European Society for Vascular Surgery; RACP ¼ Royal Australasian College of Physicians; SVS ¼ Society for Vascular Surgery.

ONGOING IMPROVEMENTS IN

develop and independent distal ﬁlters have shown

ENDOVASCULAR THERAPY SAFETY

some promise (33).

Several factors can be appreciated in determining a

In the ICSS (International Carotid Stenting Study)

particular revascularization modality’s risk including

magnetic resonance imaging (MRI) subset, an in-

aortic arch anatomy, prior revascularization, prior

crease in MRI lesions with stenting versus surgery is

neck irradiation, proximal or distal vessel tortuosity,

reported; however, 45% of CAS patients with new

and subclavicular stenosis (21). These patient-related

MRI lesions had nonipsilateral hits (34). The CAP-

factors have been determined assuming current

TURE (Carotid ACCULINK/ACCUNET Post Approval

technology and expertise among providers.

Trial to Uncover Unanticipated or Rare Events) reg-

Nonipsilateral events have been noted previously.

Over the ﬁrst decade of this century, there were

istry looked at carotid stenting with distal ﬁlters and

rapid improvements in technology, experience, and

showed 18% of all strokes were nonipsilateral (35).

expertise in the application of endovascular therapies

These data make clear that the aortic arch is a signif-

to carotid stenosis which slowed after reimbursement

icant contributor to new lesions seen on MRI. More-

was not provided. For example, novel methods for

over, the discovery of these new lesions has led to new

embolic protection have been developed to further

questions: What is the impact of these lesions on

reduce the risk of stroke during CAS. We would note

neurological function, are they neurological events,

the potential for better cerebral protection using

and do they portend a different natural history after

different types of ﬁlters or even 2 kinds of protection

revascularization? Despite signiﬁcant developments,

at the same time. Both proximal balloon occlusion, as
well as transcarotid artery revascularization (TCAR)
proximal protection with reversed ﬂow, have shown
beneﬁt.

T A B L E 2 Societal CAS Guidance Documents

Society

Proximal cerebral protection was the subject of the
ARMOUR (Proximal Protection With the MO.MA De-

SVS

Year (Ref. #)

2008 (51),
2011 (52)

vice During Carotid Stenting) trial in the United

ESVS

2009 (53)

States, which showed low rates of major adverse

RACP, RACS, RANZCR

2010 (47),
2011 (54)

cardiovascular and cerebrovascular events of 2.3%
NICE

2011 (55)

ESC

2011 (56)

cant 50% reduction in new ischemic lesions using

ASA, ACCF, AHA, AANN, AANS, ACR, ASNR, CNS,
SAIP, SCAI, SIR, SNIS, SVM, SVS

2011 (23)

proximal balloon occlusion. Evidence suggests that

SCAI, SVM

2016 (57)

and major stroke of 0.9% at 30 days (30). A metaanalysis by Stabile et al. (31) also indicated a signiﬁ-

proximal balloon occlusion is superior and provides a
safe platform for CAS. The National Cardiovascular
Data Registry Carotid Artery Revascularization and
Endarterectomy registry of 10,200 patients in the
United States also showed that the risk of stroke was
different with distal ﬁlters versus proximal balloons,
although not signiﬁcantly so (2.2% vs. 1.5%) (32). It
should be noted that this technology continues to

AANN ¼ American Association of Neuroscience Nurses; AANS ¼ American Association of Neurological Surgeons; ACR ¼ American College of Radiology;
ASNR ¼ American Society of Neuroradiology; CNS ¼ Congress of Neurological
Surgeons; NICE ¼ National Institute for Health and Care Excellence; RACP ¼ Royal
Australasian College of Physicians; RACS ¼ Royal Australasian College of Surgeons; RANZCR ¼ Royal Australian and New Zealand College of Radiologists;
SAIP ¼ Society of Atherosclerosis Imaging and Prevention; SCAI ¼ Society for
Cardiovascular Angiography and Interventions; SIR ¼ Society of Interventional
Radiology; SNIS ¼ Society of NeuroInterventional Surgery; SVM ¼ Society for
Vascular Medicine; other abbreviations as in Table 1.
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continued

deepen

improved outcomes is better case selection and

understanding of the ramiﬁcations and further reduce

investigation

is

required

to

operator experience. For example, in the CHOICE

the number of new post-procedure MRI lesions.

(Carotid Stenting for High Surgical-Risk Patients;

A recent review examined the 30-day strokes in a

Evaluating Outcomes Through the Collection of

sample of CAS registries, cohort studies, and RCTs

Clinical Evidence) multicenter prospective study,

from the past 8 years, including CREST and ACT I.

duration of experience was inversely associated with

In this review, the patients who underwent the

stroke risk (42). These results have been noted

TCAR approach had proximal protection, no passage

generally (43).

through the aortic arch, and the symptomatic and

An analysis of the CAPTURE 2 study suggests an

cumulative stroke rates were among the lowest re-

operator threshold of 72 cases to maintain a death and

ported (36). TCAR is more invasive than percuta-

stroke rate of <3% in high surgical risk patients (43). A

neous approaches because it requires an incision.

meta-analysis of data until 2010 supports the impor-

However, avoidance of the arch and the use of

tance of operator experience and the fact that more

proximal protection may provide efﬁcient particu-

experience is associated with lower-risk CAS (44). It

late capture (37). In a systematic review and meta-

should be noted that the same is true for CEA: Results

analysis

transfemoral

from the NASCET (North American Symptomatic Ca-

approach for CAS that included 11,592 patients, the

rotid Endarterectomy Trial) and the ACAS (Asymp-

transcervical approach was associated with a lower

tomatic Carotid Atherosclerosis Study) showed that

of

TCAR

compared

with

risk for periprocedural stroke, but there were no

the efﬁcacy of CEA depends upon demonstrated

differences in transient ischemic attack, MI, local

institutional excellence (45), although more recent

hematoma, or death (38).

data do not show as strong a relationship in real-

In addition to embolic protection, carotid stent

world practice (46).

design is improving as well. For example, carotid

Thus, as the science raises both the specter of new

stent cell design affects outcomes signiﬁcantly. Pla-

lesions on MRI after all procedures, device research

que prolapse occurs more frequently with open-cell

continues to work to minimize emboli, operators

stents rather than closed-cell stents (39). The SPACE

improve in case selection, and standards are prof-

(Stent-Protected Angioplasty versus Carotid Endar-

fered for the provision of CAS, how should CMS

terectomy) randomized trial showed a signiﬁcant

regulate the provision of care? We would endorse

difference, with the most-open-cell stent having the

several methods to ensure that an appropriately

highest risk (40). A Belgian–Italian study showed the

trained workforce provides this procedure. First, CAS

same thing, as well as more delayed events after

reimbursement must be tied to experience and out-

stenting in general (41). Carotid stent development is

comes. We would note that many professional soci-

occurring with greater attention to the local carotid

eties have put forward training and credentialing

environment

including

the

preservation

of

the

guidance (Table 2). This document will not place

external carotid artery and better lesion containment.

preference on any single standard; however, we agree

There are 3 such stents currently available: the Gore

with all stakeholders that minimum standards for

carotid stent (W.L. Gore & Associates, Newark, Dela-

training and ongoing experience are needed to ensure

ware); the Terumo Roadsaver nitinol stent (Terumo,

high-quality outcomes for the public.

Tokyo, Japan), which is the subject of a prospective

Second, we would advocate for adjudicated out-

randomized trial; and in Europe, the CGuard by

comes and the creation of a carotid team to ensure

InspireMD (Tel Aviv, Israel). Evidence is starting to

standardized

accumulate

advance the idea of a Center of Excellence model to

concerning

these

next-generation

devices.

reporting

of

results.

We

would

include routine case audits of cases. Minimum
standards will be created with penalties for poor

THE ROLE OF THE ADVANCED SKILL SET AND
LIMITING PRACTITIONER REIMBURSEMENT

performance.
Third, the data created by these Centers of Excellence will be placed in a mandatory, monitored CAS

The risk of procedural complications, including

registry, with documentation of operator, patient,

stroke, provides an important backdrop to carotid

and site required. We would recommend the inclu-

disease, perhaps more so than other endovascular

sion of a pre- and post-stroke scale, history and

procedures. We would note that results for CAS

physical examination parameters, and National In-

continue to improve, even in patients at high risk for

stitutes of Health Stroke Scale results, among other

CEA. Acknowledging the importance of technological

pertinent data. We believe that linking participation

improvement, we believe the primary driver of

in

this

type

of

registry

should

be

tied

to
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reimbursement, similar to the reporting for coronary

in the determination of beneﬁt, neutrality, or harm in

artery bypass grafting.

this disease process. We endorse the approval of CAS
technology as just that: approval of a new tool in the

CONCLUSIONS

care of patients with signiﬁcant asymptomatic inter-

Asymptomatic internal carotid artery stenosis re-

nal carotid artery stenosis.

mains a signiﬁcant contributor to stroke and is likely
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