JOURNAL OF THE AMERICAN COLLEGE OF CARDIOLOGY

VOL. 74, NO. 25, 2019

ª 2019 BY THE AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION
PUBLISHED BY ELSEVIER

ORIGINAL INVESTIGATIONS

Quality Assurance for Carotid Stenting in
the CREST-2 Registry
Brajesh K. Lal, MD,a Gary S. Roubin, MD, PHD,b Kenneth Rosenﬁeld, MD,c Donald Heck, MD,d Michael Jones, MD,e
Brian Jankowitz, MD,f Tudor Jovin, MD,g Seemant Chaturvedi, MD,h Guilherme Dabus, MD,i
Christopher J. White, MD,j William Gray, MD,k Jon Matsumura, MD,l Barry T. Katzen, MD,m L. Nelson Hopkins, MD,n
Minerva Mayorga-Carlin, MPH,a John D. Sorkin, MD, PHD,o George Howard, DRPH,p James F. Meschia, MD,q
Thomas G. Brott, MDq

ABSTRACT
BACKGROUND The CREST-2 Registry (C2R) was approved by National Institute of Neurological Disorders and Stroke–
National Institutes of Health in September 2014 with Centers for Medicare & Medicaid Services, U.S. Food and Drug
Administration, and industry collaboration to enroll patients undergoing CAS. The registry credentials interventionists
and promotes optimal patient selection, procedural-technique, and outcomes.
OBJECTIVES This study reports periprocedural outcomes in a cohort of carotid artery stenting (CAS) performed for
asymptomatic and symptomatic carotid stenosis.
METHODS Asymptomatic patients with $70% and symptomatic patients with $50% carotid stenosis, #80 years of
age, and at standard or high risk for carotid endarterectomy are eligible for enrollment. Interventionists are credentialed
by a multispecialty committee that reviews experience, lesion selection, technique, and outcomes. The primary endpoint
was a composite of stroke and death (S/D) in the 30-day periprocedural period. Myocardial infarction and access-site
complications were assessed as secondary outcomes.
RESULTS As of December 2018, 187 interventionists from 98 sites in the United States performed 2,219 CAS procedures
in 2,141 patients with primary atherosclerosis (78 were bilateral). The mean age of the cohort was 68 years, 65% were
male, and 92% were white; 1,180 (55%) were for asymptomatic disease, and 961 (45%) were for symptomatic disease.
All U.S. Food and Drug Administration–approved stents and embolic protection devices were represented. The 30-day
rate of S/D was 1.4% for asymptomatic, 2.8% for symptomatic, and 2.0% for all patients.
CONCLUSIONS C2R is the ﬁrst national registry for CAS cosponsored by federal and industry partners. CAS was performed by experienced operators using appropriate patient selection and optimal technique. In that setting, a broad
group of interventionists achieved very low periprocedural S/D rates for asymptomatic and symptomatic patients.
(J Am Coll Cardiol 2019;74:3071–9) © 2019 by the American College of Cardiology Foundation.
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ABBREVIATIONS
AND ACRONYMS
CAS = carotid artery stenting
CEA = carotid endarterectomy
FDA = U.S. Food and Drug

C

arotid artery stenting (CAS) has been

There are no large, prospective, comprehensive

shown in 2 prospective multicenter,

analyses reporting contemporary CAS outcomes in

randomized trials to have equivalent

North America. The C2R provides such a multicenter

outcomes compared with carotid endarterec-

dataset by ensuring responsible procedural oversight

tomy (CEA) in terms of the composite

through a national quality assurance program based

endpoint of periprocedural stroke, death,

on a collaborative effort by the National Institutes of

and myocardial infarction (MI), and late ipsi-

Health (NIH), Centers for Medicare & Medicaid Ser-

lateral stroke prevention (1–3). The carotid

vices, the Society for Vascular Surgery, the American

procedures in these and other trials were per-

College of Cardiology, industry partners, and the

management

formed more than a decade ago. At that time,

CREST-2 leadership. It represents outcomes from

MI = myocardial infarction

higher periprocedural stroke rates after CAS

the full spectrum of specialties and operators per-

were offset by higher rates of MI after CEA

forming CAS with acceptable experience. A large

(1,3–5). Since then, CAS methods have evolved

number of operators from academic and community

Health

with better patient selection, reﬁnement of

medical centers are included. We report the peri-

NIHSS = National Institutes of

technique, and improved technology (6).

procedural outcomes for CAS performed in patients

Administration

IMC = interventional
management committee

IMM = intensive medical

mRS = modiﬁed Rankin Scale
NIH = National Institutes of

Health Stroke Scale

SEE PAGE 3080

NINDS = National Institute of

The Medicare coverage decision in 2005

Neurological Disorders and
Stroke

allowed reimbursement for CAS performed

S/D = stroke or death

in a subset of patients with CAS deemed to be

TIA = transient ischemic attack

at high risk for CEA (7). However, most ca-

with asymptomatic and symptomatic, high and
low surgical risk carotid stenosis from primary
atherosclerosis.

METHODS

rotid occlusive disease exists in an asymptomatic

DESIGN. In September 2014, the National Institute

standard surgical risk patient population. The CREST-2

of Neurological Disorders and Stroke (NINDS)-NIH

(Carotid Revascularization and Medical Management

approved the C2R protocol. The Centers for Medicare

for Asymptomatic Carotid Stenosis Study) is a set of 2

& Medicaid Services subsequently expanded reim-

multicenter randomized trials run in parallel (8,9).

bursement

One trial assesses treatment differences between

September 17, 2014, to include all categories of pa-

CEA plus intensive medical management (IMM)

tients with carotid stenosis. Coverage was predicated

versus IMM alone. The other assesses treatment dif-

on rigorous accreditation mechanisms by a multi-

ferences between CAS plus IMM versus IMM alone.

specialty physician group from the CREST-2 trial.

Reimbursement rules over the last decade have

The C2R oversight model is designed to achieve

caused the number of CAS procedures performed in

safety

the United States to decline considerably (10,11). The

selected and treated by qualiﬁed, proﬁcient pro-

CREST-2 Registry (C2R) was therefore initiated as a

viders at centers experienced in caring for patients

companion to the CREST-2 trial to provide the means

with carotid disease. The goal is to enroll consecu-

to maintain, enhance, and ensure requisite expertise

tive patients with asymptomatic or symptomatic

in CAS in order to conduct a rigorous randomized

carotid stenosis undergoing CAS by the selected in-

controlled clinical trial comparing CAS to IMM alone.

terventionists at participating sites. A small number

by

coverage

ensuring

for

that

CAS

within

patients
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of CREST-2 trial–eligible standard-risk asymptomatic

8 CAS procedures in the past 12 months are required

patients are unable to join the trial due to patient

to be considered for the registry.

refusal. These patients are permitted enrollment into
C2R to undergo CAS. Information on patient demographics, vascular risk factors, symptomatic status, and degree of stenosis is collected at baseline.
Procedural details such as stent and ﬁlter type, as
well as intraprocedural adverse events, are also
recorded. Periprocedural stroke and other adverse
events are recorded at the local site 30 days postprocedure. Enrollment in C2R is ongoing, and this
report includes patients enrolled from September 17,
2014, through December 31, 2018, inclusive. It also
analyzes outcomes of a subset of CREST-2 trialeligible patients enrolled in C2R (NCT02240862). The
C2R administrative center performs data quality
checks to ensure data accuracy. The C2R protocol
was reviewed by the University of Maryland institutional review board and granted a waiver of written informed consent.
PATIENT ELIGIBILITY. Patients are $18 and #80 years

of age. They are eligible with asymptomatic $70%

PROCEDURAL PROTOCOL. Prospective interventionists

have to undergo a web-based or slide-based training
program for

the

CREST-2 CAS protocol before

enrolling patients into C2R. The training program is
based on lessons learned from the CREST trial and
describes optimal patient and lesion selection, procedural

technique,

and

reporting

methodology

(1,14,15). Avoidance of adverse aortic arch anatomy
(Type 3), tortuous common or internal carotid arterial
anatomy (two 90 turns), and noncontiguous or long
lesions (>3 cm) is strongly encouraged. Prolonged
ﬁlter dwell times, overuse of intra-arterial contrast
runs, and aggressive post-stenting angioplasty with
large (>5.0 mm) balloons is discouraged. The use of
pre-procedural statins, periprocedural dual antiplatelet therapy, and intraprocedural anticoagulation
is reinforced. Interventionists are permitted to use
any U.S. Food and Drug Administration (FDA)approved carotid stent (open- or closed-cell and
straight or tapered conﬁgurations) and embolic pro-

carotid stenosis, or symptomatic (transient ischemic

tection device (distal ﬁlter or proximal ﬂow-reversal)

attack, stroke, or amaurosis fugax within 180 days

of their choice. Permitted closed-cell stent conﬁgu-

before CAS procedure) $50% carotid stenosis. They

rations include Xact (Abbott Vascular, Santa Clara,

can be standard surgical risk, high anatomic risk, or

California),

high physiological risk for CEA. Patients are excluded

borough, Massachusetts), or Scaffold (W. L. Gore &

for any one of the following conditions: New York

Associates, Flagstaff, Arizona), and open-cell stents

Heart Association (NYHA) functional class IV conges-

include Rx Acculink (Abbott Vascular), Precise (Cor-

tive heart failure, chronic obstructive pulmonary dis-

dis-Cardinal Health, Santa Clara, California), or

ease on chronic continuous oxygen therapy, severe

Protégé Rx (Medtronic, Minneapolis, Minnesota).

WallStent

(Boston

Scientiﬁc,

Marl-

(Childs Class D) liver failure, cancer with metastatic

Protective ﬁlters that are permitted include Rx

spread and/or undergoing active chemotherapy, any

Accunet and Emboshield Nav6 (Abbott Vascular),

dementia considered greater than “mild,” and a
modiﬁed Rankin Scale (mRS) >3.

FilterWire EZ (Boston Scientiﬁc), Angioguard (CordisCardinal Health), Spider Fx (Medtronic), or Gore

SITE SELECTION. Sites are selected on the basis of

embolic ﬁlter (W. L. Gore & Associates), and ﬂow-

a high and consistent caseload of patients with

reversal protection devices include MoMa (Med-

carotid stenosis, a history of successful participa-

tronic) or Gore devices (W. L. Gore & Associates);
ﬂow

tion in clinical trials, collaborative and multidisci-

transcarotid

plinary expertise, availability of staff certiﬁed in

choice of anesthesia is left to the discretion of

the NIH Stroke Scale (NIHSS) (12) and mRS (13), and

the

availability

is discouraged.

of

a

facility

certiﬁed

for

ca-

rotid ultrasound.

reversal

interventionist,

though

was

excluded.

general

The

anesthesia

ASSESSMENT OF ENDPOINTS. The primary endpoint

INTERVENTIONIST SELECTION. As part of the oper-

in this analysis is a composite of stroke and death

ation

are

(S/D) during the periprocedural period. Neurological

reviewed by the multispecialty interventional man-

examination and the NIHSS assessments are per-

agement committee (IMC) of the CREST-2 trial. The

formed at baseline and 30 days after stenting at which

IMC reviews interventionist experience, technique,

time patients are also queried for any events that may

appropriate lesion-selection, and quality of outcomes

have occurred after discharge and prior to their

based on procedural notes and discharge summaries

follow-up visit. A stroke is deﬁned as a clinically

to identify the group of interventionists who will be

detected neurological deﬁcit consistent with stroke or

invited to participate in C2R. A minimum career case-

an increase in the NIHSS of $2 points. An evaluation

volume of 50 CAS procedures, and recent-case rate of

for MI is initiated on clinical suspicion and deﬁned by

of

C2R,

prospective

interventionists
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T A B L E 1 Baseline Demographic and Clinical Characteristics of Patients Undergoing CAS

in C2R for Primary Atherosclerosis

interventionists

for

consideration

to

commence

enrollment into CREST-2. The number of such cases
submitted for IMC review ranges from 3 to 20 cases

All Patients
(N ¼ 2,141*; 100%)

Asymptomatic
(n ¼ 1,180; 55.1%)

Symptomatic
(n ¼ 961; 44.9%)

67.8  7.8

68.3  7.5

67.1  8.1

Male

1,399 (65.3)

744 (63.1)

655 (68.2)

procedural angiograms. These provide an additional

White†

1,965 (91.8)

1,082 (91.7)

883 (92.0)

opportunity to cross-check the data submitted to C2R.

1,824 (88.7)

1,040 (91.5)

784 (85.2)

the procedures reported in this analysis, and sites

Diabetes

846 (39.9)

488 (41.6)

358 (37.9)

were contacted for corrections when any discordant

Prior or current smoker

1,597 (74.7)

894 (75.9)

703 (73.2)

Previous cardiovascular disease

955 (46.2)

594 (51.9)

361 (39.0)

Previous coronary artery bypass

467 (21.8)

291 (24.7)

176 (18.3)

Percent stenosis at enrollment

84.2  9.8

85.0  8.6

83.2  11.1

rates (events/100 procedures) were tabulated using

Length of lesion, mm

21.0  11.0

21.9  10.8

19.8  11.0

SAS version 9.4 (SAS Institute, Cary, North Carolina).

Left carotid artery treated

1,085 (50.7)

584 (49.5)

501 (52.1)

The data were analyzed by an independent statistical

Age, yrs

per interventionist. The information reviewed includes operative notes, discharge summaries, and

More than 200 such case reviews were possible within

Risk factors‡
Hypertension

data were identiﬁed. Data aggregation was conducted
by the C2R statistical team. The procedural characteristics, patient characteristics, and adverse event

Lesion characteristics

Values are mean  SD or n (%). *The ﬁrst C2R-eligible revascularization for 2,141 patients. †Race was
self-reported. ‡Missing data for hypertension (n ¼ 86), diabetes (n ¼ 24), previous cardiovascular disease
(n ¼ 75), stenosis (n ¼ 14), and lesion length (n ¼ 315).

team with no input from the industry funding
agencies, which also did not have access to the data.

RESULTS

C2R ¼ CREST-2 Registry; CAS ¼ carotid artery stenting.

PATIENT DEMOGRAPHICS AND PROCEDURAL DETAILS.

an elevation of cardiac enzymes based on the

Over the 52-month enrollment period, 3,461 CAS

thresholds of the local clinical center, in addition to

procedures were entered into the registry by the

either chest pain or symptoms consistent with

selected interventionists. Indications for the proced-

ischemia

of

ures included asymptomatic or symptomatic carotid

ischemia. Access site complications are considered

stenosis from primary atherosclerosis (n ¼ 2,330,

signiﬁcant if there is a need for blood transfusion or

67.3%), ipsilateral restenosis (n ¼ 912, 26.4%), and

surgical evacuation/repair.

other less frequent conditions (n ¼ 219, 6.3%) such

DATA MANAGEMENT AND ANALYSIS. The registry

as carotid trauma, dissection,

takes advantage of pre-existing infrastructure to

dysplasia. Of the 2,330 cases performed for primary

create a cost-effective National Quality Assurance

atherosclerosis, follow-up data were not available for

Program for carotid stenting. Data are submitted

111 cases (4.8%). The remaining 2,219 CAS procedures

prospectively through the Society for Vascular Sur-

were done in 2,141 patients (78 for bilateral disease).

gery Vascular Quality Initiative and the American

All subsequent results pertain to the ﬁrst procedure

College of Cardiology NCDR (National Cardiovascular

for each patient (n ¼ 2,141) in this group. Among the

Data Registry) data-entry portals, from sites partici-

asymptomatic patients in C2R, 264 (22.4%) were

pating in those respective registries. Interventionists

potentially eligible for the CREST-2 trial but could not

submit additional supplementary data on each pro-

be enrolled in the trial due to patient refusal; these

cedure directly to the C2R administrative center. The

patients underwent CAS under the registry, and their

administrative center then collates the information

data were included in C2R. Demographic and clinical

from all 3 sources to create the C2R database. The

features of the patients and characteristics of lesions

supplementary data include repeated questions on

undergoing CAS for primary atherosclerosis are pre-

primary outcome measures and procedural details.

sented in Table 1. A total of 1,180 CAS procedures were

This allows assessments for internal consistency and

performed on patients with asymptomatic stenoses

data accuracy between 2 separate sources of infor-

(55.1%) and 961 (44.9%) on symptomatic stenoses.

mation. In addition, data for each procedure are

The mean age of patients undergoing CAS was 67.8 

examined for internal consistency between direct

7.8 years, and a majority were male (65.3%) and white

information on clinical events (stroke, transient

(91.8%). The prevalence of vascular risk factors in the

ischemic attack) and stroke severity measures recor-

patients was predictably high. The mean percent

ded by sites (NIHSS and mRS). Sites are contacted for

diameter stenosis was 84.2  9.8%, and mean lesion

corrections when any discordant data are identiﬁed.

length was 21  11 mm.

or

electrocardiographic

evidence

or ﬁbromuscular

A third layer of quality control includes the subset of

The registry had 187 selected interventionists from

C2R cases submitted for review to the IMC by

98 selected sites across 37 states, and included 85
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F I G U R E 1 Cumulative Enrollment of Primary Atherosclerosis Cases in the CREST-2 Registry Over Time

2500
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Sep-16

Jul-16
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Sep-15

Jul-15

Mar-15
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Sep-14

0

Symptomatic

Cumulative enrollment of asymptomatic and symptomatic carotid artery stenting procedures performed from the inception of the CREST-2 (Carotid
Revascularization and Medical Management for Asymptomatic Carotid Stenosis Study) registry through December 31, 2018. The median rate of enrollment
was 40.5 (interquartile range: 25.5 to 57.0) per month, and the number of patients enrolled per interventionist was 8 (interquartile range: 3 to 18) per
month.

interventional cardiologists (45.5%), 44 vascular sur-

used ﬁlter-protection and 153 (7.1%) used a ﬂow-

geons (23.5%), 25 interventional radiologists/neuro-

reversal device; only 28 (1.3%) were performed

radiologists (13.4%), 23 neurosurgeons (12.3%), and 10

without protection. Most of the procedures (94.1%)

interventional neurologists (5.3%). Figure 1 shows the

were performed under local anesthesia.

cumulative enrollment in C2R. The median number of
patients enrolled per interventionist was 8 (inter-

CLINICAL OUTCOMES. Details of outcomes are pro-

quartile range: 3 to 18, range 1 to 122). The rate of

vided in Table 3. Among all patients with primary

enrollment has a median of 40.5 patients per month

atherosclerosis, the periprocedural rate of S/D was

(interquartile range: 25.5 to 57, range 3 to 70).

2.0%. Among the 961 patients with symptomatic pri-

Procedural details are presented in Table 2. Most

mary atherosclerosis, the rate of S/D was 2.8%, and

patients were treated with pre-procedural dual anti-

there were 4 deaths, 23 strokes, 2 MIs, and 4 major

platelet therapy (80.9%), pre-procedural statin ther-

access site complications. Among the 1180 patients

apy (76.7%), and post-procedural dual antiplatelet

with asymptomatic primary atherosclerosis, the rate

therapy

and

of S/D was 1.4%, and there were 4 deaths, 12 strokes, 2

embolic protection devices were represented in the

MIs, and 9 major access site complications. A portion

registry. A total of 1,500 patients (70.1%) were

(n ¼ 264, 22.4%) of potentially CREST-2 trial–eligible

implanted with a closed-cell stent (XACT, Wallstent,

patients (normal-risk asymptomatic) were enrolled

or Scaffold), 639 (29.9%) with an open-cell stent (Rx

into the registry and underwent CAS by the selected

Acculink, Precise Pro, or Protégé), and 1 patient

interventionists.

(0.05%) was treated with balloon angioplasty alone.

Table 4. The rate of S/D among these patients was

The procedure was performed with embolic protec-

0.8% compared with 1.5% for the remaining trial-

tion in 98.7% of patients. Among these, 1,960 (91.5%)

ineligible patients enrolled in C2R.

(93.5%).

All

FDA-approved

stents

Their

results

are

displayed

in
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In that setting, a broad group of interventionists

T A B L E 2 Details of Carotid Stenting Procedures Performed in C2R for

achieved a very low periprocedural rate of S/D for

Primary Atherosclerosis

asymptomatic (1.4%) and symptomatic (2.8%) paAll Patients
(N ¼ 2,141*; 100%)

Asymptomatic
(n ¼ 1,180; 55.1%)

Symptomatic
(n ¼ 961; 44.9%)

tients undergoing CAS for primary atherosclerosis

1,733 (80.9)

964 (81.7)

769 (80.0)

disciplined approach to CAS using currently accepted

(Central Illustration). C2R represents a protocol-driven

Medications
Pre-procedure† DAPT‡
Pre-procedure statin therapy

1,641 (76.7)

910 (77.2)

731 (76.1)

best practices that maintains safe and efﬁcacious CAS

Post-procedure§ DAPT

1,999 (93.5)

1,096 (93.1)

903 (94.1)

outcomes while assisting the credentialing of in-

Closed cell stents

1,500 (70.1)

805 (68.3)

695 (72.5)

Open-cell stents

639 (29.9)

373 (31.6)

266 (27.7)

1 (0.05)

1 (0.08)

0 (0.0)

Distal ﬁlter protection

1,960 (91.5)

1,074 (91.0)

886 (92.2)

SPACE-2 trial is a randomized, controlled, multicenter

Proximal ﬂow-reversal

153 (7.1)

94 (8.0)

59 (6.1)

trial comparing CAS to CEA in asymptomatic patients

No embolic protection

28 (1.3)

12 (1.0)

16 (1.7)

with $70% stenosis. Enrollment in the SPACE-2 trial

1,919 (94.1)

1,066 (95.3)

853 (92.7)

120 (5.9)

53 (4.7)

67 (7.3)

Stents

terventionists for the CREST-2 randomized trial (11,16–18).

No stent used (balloon
angioplasty)

The C2R 30-day rate of S/D of 1.4% for asymptomatic patients compares favorably to the 2.5% rate
reported by the SPACE-2 (Stent Protected Angioplasty
versus Carotid Endarterectomy) trial in 2019 (6). The

Embolic protection

Anesthesiak
Local
General

was halted prematurely because of slow enrollment;
513 patients were enrolled, and 197 were randomized
to CAS. Thus far, patients have been followed for 1

Values are n (%). *The ﬁrst C2R-eligible revascularization for 2,141 patients. †Pre-procedure includes medication
taken within 36 h of the CAS procedure. ‡DAPT (dual antiplatelet therapy) is deﬁned as aspirin þ any other
antiplatelet. §Post-procedure includes medications prescribed to the patient at the time of discharge. k“Local”
includes minimal sedation (anxiolysis), moderate sedation/analgesia (conscious sedation), local, and regional
anesthesia. “General” includes deep sedation/analgesia, local converted to general, and general anesthesia.
DAPT ¼ dual antiplatelet therapy; other abbreviations as in Table 1.

year. Similar to CREST-2 using C2R, the SPACE-2 trial
required that centers and interventionists enroll in a
registry. Interventionists had to have performed $40
CAS or $20 CAS in the SPACE-1 study with a periprocedural complication rate #6%.
The C2R 30-day rate of S/D is lower than those re-

DISCUSSION

ported in prior prospective trials and registries where

This study is the largest, prospective, multicenter

competency, patient selection, lesion selection, pro-

registry evaluating contemporary CAS outcomes in

cedural technique, and adjunctive medical therapy

the United States. It is the ﬁrst national registry for

(4,5). Experience and certain elements of technique

CAS cosponsored by federal and industry partners

have previously been documented to be associated

there was comparatively less focus on interventionist

that creates a cost-effective national quality assur-

with event rates from CAS (16,17,19). Compared with

ance program for carotid stenting. CAS was per-

these earlier studies, interventionists in C2R were

formed in C2R by experienced operators using

more experienced in the performance of CAS. The

appropriate patient selection and optimal technique.

training for CAS in the low-risk asymptomatic patients for C2R and the CREST-2 trial has been further
reﬁned. For example, arch and great vessel athero-

T A B L E 3 Periprocedural Adverse Events Among Patients Undergoing Carotid Stenting in

sclerosis, type 3 arches and some type 2 arches,

C2R for Primary Atherosclerosis

modest circumferential lesion calciﬁcation, and speAll Patients
Asymptomatic
Symptomatic
(N ¼ 2,141*; 100%) (n ¼ 1,180; 55.1%) (n ¼ 961; 44.9%)

Stroke or death

ciﬁc types of vessel and lesion tortuosity are
excluded. Adjunctive therapy with dual antiplatelet

43 (2.0)

16 (1.4)

27 (2.8)

agents, pre-procedure statins, antithrombotic agents,

Any stroke, regardless of laterality

35 (1.6)

12 (1.0)

23 (2.4)

and hypertension and hypotension management

Stroke ipsilateral to the index artery

31 (1.5)

9 (0.8)

22 (2.3)

Stroke contralateral to the
index artery

10 (0.5)

5 (0.4)

5 (0.5)

Death
Stroke, death, or MI
MI
Stroke, death, MI, or major†
access site complications
Major access site complications

are better speciﬁed. Further, technique has been
updated to include speciﬁc recommendations for

8 (0.4)

4 (0.3)

4 (0.4)

limited procedural angiography, procedure time,

47 (2.2)

18 (1.5)

29 (3.0)

balloon size, limited balloon dilatation, short embolic

4 (0.2)

2 (0.2)

2 (0.2)

protection ﬁlter dwell time, and use of closed-cell

59 (2.8)

27 (2.3)

32 (3.3)

stents if available. The IMC reviewed each interven-

13 (0.6)

9 (0.8)

4 (0.4)

tionist in detail for prior training, total career experience, and current procedural volume. Procedural

Values are n (%). *The ﬁrst C2R-eligible revascularization for 2,141 patients. †Access site complications are
considered major if there is a need for blood transfusion or surgical evacuation/repair.
C2R ¼ CREST-2 Registry; MI ¼ myocardial infarction.

reports and angiographic records were examined.
Interventionists had to participate in an interactive
webinar on the ideal CAS protocol. They were
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counseled on cases representing poor patient selec-

T A B L E 4 Periprocedural Adverse Events Among Asymptomatic Patients Undergoing

tion, lesion selection, technique, or medical therapy.

Carotid Stenting in C2R for Primary Atherosclerosis, Stratiﬁed by Potential CREST-2

Earlier rigorous, prospective randomized trials

Trial Eligibility

have demonstrated good stroke prevention outcomes

All Asymptomatic
CREST-2 Trial
CREST-2 Trial
Patients
Ineligible
Eligible
(N ¼ 1,180*; 100%) (n ¼ 916; 77.6%) (n ¼ 264; 22.4%)

from both CAS and CEA (1–3). For example, the 30-day
rate of S/D in the CREST trial was 2.5% in asympStroke or death

tomatic patients and 6% in symptomatic patients. In

16 (1.4)

14 (1.5)

12 (1.0)

11 (1.2)

1 (0.4)

9 (0.8)

8 (0.9)

1 (0.4)

Stroke contralateral to the index artery

5 (0.4)

5 (0.6)

0 (0.0)

Death

4 (0.3)

3 (0.3)

1 (0.4)

18 (1.5)

16 (1.8)

2 (0.8)
0 (0.0)

Any stroke, regardless of laterality

the International Carotid Stenting Study, the 30-day

Stroke ipsilateral to the index artery

rate of S/D was 7.4% (20). The results of the present
study suggest that if these trials were to be repeated
with current CAS experience and practice, the results

Stroke, death, or myocardial infarction

observed with CAS may be even more favorable (3,6).

MI
Stroke, death, MI, or major†
access site complications

The low event rates we observed are also consistent
with outcomes in recent, but far smaller, FDA regis-

Major access site complications

tries examining emerging device technologies (21–23).
The results are concordant with recently completed

2 (0.2)

2 (0.2)

27 (2.3)

23 (2.5)

9 (0.8)

7 (0.8)

2 (0.8)

4 (1.5)
2 (0.8)

Values are n (%). *1,180 asymptomatic patients out of the total 2,141 C2R patients with primary atherosclerosis.
†Access site complications are considered major if there is a need for blood transfusion or surgical evacuation/
repair.

registries from Europe (24). They reported a rate of
S/D of 2.9% in their large cohort of mostly symp-

CREST-2 ¼ Carotid Revascularization and Medical Management for Asymptomatic Carotid Stenosis Study;
other abbreviations as in Table 2.

tomatic patients, quite similar to the 2.8% seen in
symptomatic patients in C2R. The low event rates
from C2R for CAS are also comparable to those re-

analysis of patients in the registry that met criteria for

ported for transcarotid revascularization (25).

inclusion in the trial demonstrated nominally more

In any randomized trial comparing the efﬁcacy of

favorable outcomes. The rate of S/D in this subset of

treatment strategies, it is necessary to optimize the

CREST-2–eligible patients who could not be enrolled

therapies to reﬂect “state-of-the-art” management

was 0.8%.

practices. CREST-2 is currently examining the efﬁcacy
of intensive
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medical management (IMM)

Medicare reimbursement for CAS is currently

alone

restricted to a small subset of patients designated to

against the standard practices of treatment with CEA

be at high risk for CEA. When established, C2R

or CAS plus IMM. For the trial to be credible, it must

negotiated exemptions that allowed selected practi-

be performed with minimal periprocedural stroke

tioners and medical centers to perform CAS for

events in each treatment group. The 1.4% periproce-

broader indications under controlled conditions and

dural rate of S/D observed in the asymptomatic cohort

to bill for these services. With this arrangement, the

of C2R is reassuring and suggests that the NINDS was

registry has met its mission of facilitating the cre-

sanguine in including CAS as a treatment option in

dentialing of interventionists to enroll into the ran-

the CREST-2 trial. There is no certainty that these

domized trial, while maintaining the safety and

outcomes will be reproduced in the trial. However, an

efﬁcacy of outcomes. Starting with 30 approved

C ENTR AL I LL U STRA T I O N Outcomes for Stenting of Atherosclerotic Carotid Stenosis in the CREST-2 Registry

187 interventionists
from 98 sites in the
United States
Carotid stenosis
standard or high risk
for surgery

Asymptomatic
≥70% stenosis
n = 1,180 patients

Rate of stroke or death
1.4%

Symptomatic
≥50% stenosis
n = 961 patients

Rate of stroke or death
2.8%

Lal, B.K. et al. J Am Coll Cardiol. 2019;74(25):3071–9.

Consecutive patients with standard or high-risk stenosis were enrolled to undergo stenting with all U.S. Food and Drug Administration–approved stents and embolic
protection devices. Adverse events achieved by interventionists from 5 different specialties were low for both symptomatic and asymptomatic patients.
CREST-2 ¼ Carotid Revascularization and Medical Management for Asymptomatic Carotid Stenosis Study.
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interventionists in 2014, the CREST-2 trial has 187

CONCLUSIONS

interventionists entering patients into the trial.
C2R is supported by infrastructure funded by

C2R is the ﬁrst national registry for CAS cosponsored

NINDS-NIH with additional support from industry

by federal, industry, and academic society partners.

partners and shares some data collection infrastruc-

Protocol-speciﬁed credentialing and training with the

ture from academic societies. This unique collabora-

goal of optimal patient and lesion selection and

tion provides a model for supervision, monitoring,

optimal technique was accomplished. In that setting,

and roll out of new technology requiring speciﬁc skill

CAS performed by a broad group of experienced in-

sets among practitioners across the country. Addi-

terventionists achieved low periprocedural rate of

tional unique aspects of the registry include careful

S/D in a large cohort of patients with asymptomatic

scrutiny of data submitted by clinical centers to

and symptomatic carotid stenosis.

ensure complete and accurate information. Valida-
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in the general community. The results represent estimates of adverse events that can be achieved with

PERSPECTIVES

experience and appropriate patient selection and
technique. However, interventionists from 5 different
specialties succeeded in performing 2,141 CAS procedures with low periprocedural events, underlining
the unique, multidisciplinary character of this endovascular procedure. The registry thus provides valuable guidance on patients suitable for CAS, how the
procedure should be performed, and what experience
is optimal to achieve safe outcomes. It also provides a
guide for monitoring performance outcomes for all
practitioners. The endpoints were reported by the
interventionists rather than by independent evaluators or stroke neurologists, though the protocol
incorporated as much cross-checking of information

COMPETENCY IN PRACTICE-BASED LEARNING
AND IMPROVEMENT: A quality assurance program
developed through federal, professional society, and
industry cooperation that addresses training, credentialing, and monitoring of procedural technique and
outcomes can ensure high-quality carotid artery
stenting.
TRANSLATIONAL OUTLOOK: Randomized trials
will help clarify the role of carotid revascularization as
an adjunct to intensive risk factor modiﬁcation for
patients with asymptomatic carotid stenosis.

as was possible within a registry framework.
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