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ABSTRACT

BACKGROUND
Improvements in medical therapy, carotid-artery stenting, and carotid endarterectomy
call into question the preferred management of asymptomatic carotid stenosis.
Whether adding revascularization to intensive medical management would provide
greater benefit than intensive medical management alone is unclear.

METHODS

We conducted two parallel, observer-blinded clinical trials that enrolled patients with
high-grade (>70%) asymptomatic carotid stenosis across 155 centers in five countries.
The stenting trial compared intensive medical management alone (medical-therapy
group) with carotid-artery stenting plus intensive medical management (stenting
group); the endarterectomy trial compared intensive medical management alone
(medical-therapy group) with carotid endarterectomy plus intensive medical man-
agement (endarterectomy group). The primary outcome was a composite of any stroke
or death, assessed from randomization to 44 days, or ipsilateral ischemic stroke,
assessed during the remaining follow-up period up to 4 years.

RESULTS

A total of 1245 patients underwent randomization in the stenting trial and 1240 in
the endarterectomy trial. In the stenting trial, the 4-year incidence of primary-
outcome events was 6.0% (95% confidence interval [CI], 3.8 to 8.3) in the medical-
therapy group and 2.8% (95% CI, 1.5 to 4.3) in the stenting group (P=0.02 for the
absolute difference). In the endarterectomy trial, the 4-year incidence of primary-
outcome events was 5.3% (95% CI, 3.3 to 7.4) in the medical-therapy group and 3.7%
(95% CI, 2.1 to 5.5) in the endarterectomy group (P=0.24 for the absolute differ-
ence). From day 0 to 44, in the stenting trial, no strokes or deaths occurred in the
medical-therapy group and seven strokes and one death occurred in the stenting
group; in the endarterectomy trial, three strokes occurred in the medical-therapy
group and nine strokes occurred in the endarterectomy group.

CONCLUSIONS
Among patients with high-grade stenosis without recent symptoms, the addition of
stenting led to a lower risk of a composite of perioperative stroke or death or ipsilateral
stroke within 4 years than intensive medical management alone. Carotid endarterectomy
did not lead to a significant benefit. (Funded by the National Institute of Neurological
Disorders and Stroke and others; CREST-2 ClinicalTrials.gov number, NCT02089217.)
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HE TREATMENT OF HIGH-GRADE CA-

rotid-artery stenosis varies considerably

internationally. Some countries limit re-
vascularization primarily to patients with symp-
toms, whereas others more commonly recommend
that asymptomatic patients undergo revascular-
ization.! In the United States, 75 to 80% of patients
who undergo carotid-artery stenting or endarter-
ectomy are asymptomatic.”? Randomized trials
from the 1990s and early 2000s showed that ca-
rotid endarterectomy led to a lower risk of stroke
among asymptomatic patients with high-grade
stenosis than medical therapy.? Improvements in
carotid endarterectomy, carotid-artery stenting,
and medical therapy and the results of two recent
small trials have challenged our understanding of
appropriate treatments.*® Here, we present results
from the Carotid Revascularization and Medical
Management for Asymptomatic Carotid Stenosis
Trials (CREST-2), which tested whether carotid-
artery stenting or carotid endarterectomy plus
intensive medical management would be superior
to intensive medical management alone for pre-
venting stroke in patients with high-grade carotid
stenosis without recent stroke symptoms.’

METHODS

TRIAL DESIGN

We conducted CREST-2, which comprised two par-
allel, observer-blinded trials: a stenting trial, in
which patients were randomly assigned to receive
either intensive medical management alone (med-
ical-therapy group) or carotid-artery stenting plus
intensive medical management (stenting group);
and an endarterectomy trial, in which patients
were randomly assigned to receive either inten-
sive medical management alone (medical-therapy
group) or endarterectomy plus intensive medical
management (endarterectomy group). The ethics
committees for all the trial centers approved the
protocol, which is available with the full text of
this article at NEJM.org. All the patients provided
written informed consent. The authors designed
the trial, gathered and analyzed the data, wrote the
manuscript, and made the decision to submit the
manuscript for publication. The authors vouch for
accuracy and completeness of the data and for the
fidelity of the trials to the protocol.

CENTERS AND INVESTIGATORS
Patients were enrolled at 155 centers in Australia,
Canada, Israel, Spain, and the United States. Op-
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erators performing carotid-artery stenting and
carotid endarterectomy were required to have cer-
tification by means of a validated process.? Inter-
ventionists submitted carotid-artery stenting cases
from the preceding 12 months. Depending on case
numbers and results, interventionists submitted
procedural reports and angiograms for 3 to 25
additional prospective nonurgent cases. Surgeons
submitted their preceding 50 consecutive cases
and were required to have documentation of a
periprocedural stroke and death rate of less
than 3%.

PATIENT SELECTION AND RANDOMIZATION

Patients 35 years of age or older were eligible if
they had no history of stroke, transient ischemic
attack (TIA), or amaurosis fugax in the carotid-
artery territory within 180 days before random-
ization. Also required were stenosis of at least 70%
as assessed by Doppler ultrasonography showing
a peak systolic velocity of at least 230 cm per
second and any of the following findings: an end
diastolic velocity of at least 100 cm per second,
a peak systolic velocity ratio of the internal to
common carotid artery of at least 4.0, or at least
70% stenosis on computed tomographic angiog-
raphy (CTA) or magnetic resonance angiography
(MRA); or at least 70% stenosis on catheter an-
giography alone.’ Patients were excluded if they
had a previous disabling stroke, unstable angina,
or atrial fibrillation prompting anticoagulation.
Patient eligibility and trial assignment were estab-
lished by the trial site, guided by differences in
eligibility criteria specific to carotid-artery stent-
ing or carotid endarterectomy.” Patients under-
went randomization by means of a Web-based
system, with stratification according to trial and
center.

INTENSIVE MEDICAL MANAGEMENT

The intensive medical management protocol was
the same for all the patients, except for the pe-
riod of antiplatelet use before and after carotid-
artery stenting and carotid endarterectomy.” Site
investigators managed cardiovascular risk factors
with protocol-driven central oversight.”® Primary
targets were a systolic blood pressure of less
than 130 mm Hg (the initial target of <140 mm Hg
was reduced in 2018 after guideline changes)!!
and a low-density lipoprotein (LDL) cholesterol
level of less than 70 mg per deciliter (1.80 mmol
per liter). Elevated levels of glucose and glycated
hemoglobin and lifestyle factors (cigarette smok-
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ing, excess body weight, and physical inactivity)
were also monitored and managed. Health coach-
ing was provided by telephone.’ If requested by
the patient, medications to address risk factors
were provided at no cost, including alirocumab,
which was donated by the manufacturer (Regen-
eron Pharmaceuticals) after 2018.

STENTING AND ENDARTERECTOMY
Revascularization procedures were performed
in accordance with guidelines'® and operators’
standard procedures. Carotid-artery stenting was
performed with local anesthesia for femoral ac-
cess, with or without conscious sedation. Embolic
protection was required. Starting 48 hours before
the procedure, patients who underwent carotid-
artery stenting received aspirin at a dose of 325 mg
daily and clopidogrel at a dose of 75 mg twice
daily. After the stenting procedure, patients re-
ceived clopidogrel at a dose of 75 mg daily and
aspirin at a dose of 75 to 325 mg daily for 30
days, followed by a dose of 70 to 325 mg daily
thereafter. Alternative antiplatelet regimens were
used when clopidogrel or aspirin could not be
used. Patients who underwent carotid endarter-
ectomy received aspirin at a dose of 325 mg
daily for at least 48 hours before the procedure
and 70 to 325 mg daily thereafter; periproce-
dural anticoagulation with either heparin or bi-
valirudin was required.

FOLLOW-UP ASSESSMENTS

In-person follow-up occurred at 12 to 36 hours
after the revascularization procedure; at 44 days;
at 4, 8, and 12 months; and every 6 months there-
after to 48 months. This follow-up included a
medical history, the Questionnaire Verifying Stroke
Free Status,* the modified Rankin scale score
(range, 0 [no symptoms] to 6 [death]), the Na-
tional Institutes of Health Stroke Scale (NIHSS)
score (range, 0 to 42, with higher scores indicat-
ing greater neurologic deficit)," vital signs, and
laboratory studies. Magnetic resonance imaging
(MRI) or computed tomography (CT) of the head
was recommended in patients who had an increase
in the NIHSS score of at least 2 points from base-
line. If stroke or TIA was suspected during fol-
low-up, an additional visit was scheduled, which
included CT (or CTA) or MRI (or MRA) and
other testing as indicated. For patients unable to
return to the clinic and during the coronavirus
disease 2019 pandemic, telephone and virtual
visits were conducted.!® The last patient who was

randomly assigned to each treatment group was
followed for 1 year. All the adverse events were
reported by the sites to the independent medical
monitor, with serious unexpected events report-
ed within 24 hours. Results of Doppler ultraso-
nography were obtained annually, overseen by the
imaging core (University of Maryland).”

PRIMARY AND SECONDARY OUTCOMES

The primary outcome was a 4-year composite of
any stroke (ischemic or hemorrhagic) or death,
assessed from randomization to 44 days (peripro-
cedural period), or ipsilateral ischemic stroke,
assessed during the remaining follow-up period
up to 4 years (postprocedural period). The primary
outcome was analyzed according to the inten-
tion-to-treat principle (i.e., in all the patients who
had undergone randomization).

Stroke was defined according to the World
Health Organization (WHO) as the rapid devel-
opment of clinical signs of focal (or global) dis-
turbance of cerebral function, lasting at least 24
hours, with no apparent cause other than of car-
diovascular origin.®® A stroke-adjudication com-
mittee, whose members were unaware of the treat-
ment assignments, reviewed all potential stroke
events and classified them as major or minor,
disabling or nondisabling, and ischemic or hem-
orrhagic. Stroke was considered to be major if
the NIHSS score was 6 or higher; stroke was
considered to be disabling if the modified Rankin
scale score was 3 or higher at least 30 days after
onset. Ischemic and hemorrhagic strokes were
diagnosed according to tissue-based definitions."
Prespecified secondary stroke outcomes includ-
ed the following: the primary outcome plus con-
tralateral WHO stroke occurring after 44 days up
to 4 years; tissue-based cerebral infarction, in-
tracerebral hemorrhage, or subarachnoid hemor-
rhage in any distribution or death in the peripro-
cedural period plus an ipsilateral central nervous
system (CNS) tissue—based infarction that oc-
curred in the postprocedural period; and the same
as the preceding outcome plus contralateral CNS
tissue—based infarction, intracerebral hemorrhage,
or subarachnoid hemorrhage that occurred in
the postprocedural period.

STATISTICAL ANALYSIS

Treatment differences were assessed at 4 years.
Analyses were performed according to intention-
to-treat principles. The percentage of patients with
an event in each of the four trial groups (two
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medical-therapy groups, stenting group, and end-
arterectomy group) was estimated with the use of
Kaplan—Meier curves, with a supporting analysis
that used the cumulative-incidence function to
account for the competing risk from death. As-
ymptotic normality may not be supported given
a relatively small number of events; therefore,
the significance of the treatment differences was
assessed by means of an assumption-free re-ran-
domization test with 10,000 replications.

The trial sample-size simulation calculations
assumed a 4-year event rate of 3.6% for each of
the revascularization groups and provided the
trial with 85% power at an alpha level of 0.05 to
detect rates below 0.8% or above 8.4% in the
medical-therapy groups (with accounting for 5%
crossover between treatments in each direction
and for a 2.5% annual withdrawal rate). A pre-
specified interim analysis was performed with
the use of O’Brien—Fleming boundaries after ap-
proximately one third of the patients reached the
4-year follow-up point, with an adjustment to
the alpha level for the final assessment to 0.047.

For the primary and secondary outcomes, the
95% confidence intervals for the estimated rates
and differences in rates were estimated by the
2.5th and 97.5th percentiles of the distributions
developed with the use of bootstrap methods with
100,000 replications. Treatment effects within pre-
specified subgroups were estimated with the use
of similar methods. Annual event rates during the
postprocedural period and differences in these
rates were estimated by means of Poisson regres-
sion. Because treatment differences in secondary
outcomes and in subgroups were not corrected
for multiplicity, results are reported as point esti-
mates with 95% confidence intervals. The widths
of the confidence intervals have not been adjusted
for multiplicity and should not be used to infer
definitive treatment effects. The multiple impu-
tation method that was specified in the statistical
analysis plan was not implemented because it
was not compatible with the resampling approach-
es used for testing. Missing data were not imput-
ed. Details are provided in the statistical analysis
plan, which is available with the protocol.

RESULTS

TRIAL POPULATIONS

In the stenting trial, 1245 patients underwent ran-
domization and were followed for a median of

3.6 years (interquartile range, 1.6 to 4.0). The first
patient underwent randomization on December 10,
2014, and the last follow-up visit was completed
on July 31, 2025.

In the endarterectomy trial, 1240 patients
underwent randomization and were followed for
a median of 4.0 years (interquartile range, 2.0 to
4.0). The first patient underwent randomization
on December 9, 2014, and the last follow-up visit
was completed on September 30, 2024.

The cohorts in both trials had generally simi-
lar demographic and risk-factor profiles, and
these profiles were also similar to those of the
general population of persons with asymptom-
atic carotid stenosis (Table 1 and Table S1 in the
Supplementary Appendix, available at NEJM.org).
In the stenting trial, 106 patients (17%) who had
been assigned to the medical-therapy group even-
tually underwent revascularization (78 patients
underwent carotid-artery stenting, and 28 under-
went carotid endarterectomy), and 41 patients (7%)
who had been assigned to the stenting group did
not receive any procedure (Fig. S1A). The corre-
sponding numbers in the endarterectomy trial
were 111 (18%), with 94 patients undergoing ca-
rotid endarterectomy and 17 undergoing carotid-
artery stenting, and 24 (4%), with 22 not receiv-
ing any procedure and 2 receiving carotid-artery
stenting (Fig. S1B). Across the trials and treat-
ment groups, the proportions of patients who
had primary risk-factor values in the target range
increased in the first few months after random-
ization and were generally sustained (Fig. 1 and
Figs. S2A through S6B). The use of antiplatelet
and anticoagulant agents was similar across all
the treatment groups (Table S2).

PRIMARY OUTCOME

In the stenting trial, the 4-year rate of the com-
posite primary outcome was 6.0% (95% confi-
dence interval [CI], 3.8 to 8.3) in the medical-
therapy group and 2.8% (95% CI, 1.5 to 4.3) in
the stenting group. The absolute risk difference
was 3.2 percentage points (95% CI, 0.6 to 5.9;
P=0.02), and the relative risk in the medical-
therapy group as compared with the stenting
group was 2.13 (95% CI, 1.15 to 4.39) (Fig. 2A
and Table 2). From day 0 through 44, no strokes
or deaths occurred in the medical-therapy group,
and seven strokes and one death occurred in the
stenting group (in 1.3% of patients; 95% CI, 0.6
to 2.5) (Fig. 2B and Table 2). Beyond 44 days, 28
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Table 1. Demographic and Clinical Characteristics of the Patients in the Two Trials, According to Treatment Assignment.*
Stenting Trial Endarterectomy Trial
Characteristic (N=1245) (N=1240)
Medical Therapy Medical Therapy
Alone Stenting Alone Endarterectomy
(N=629) (N=616) (N=623) (N=617)
Age —yr 69.7+7.7 69.3+8.1 70.4+7.6 70.7+7.8
Female sex — % 38.2 36.9 39.0 35.3
Race — %7
White 90.1 929 88.3 90.0
Black 6.2 5.7 6.9 6.0
Other, not reported, or missing data 3.7 1.5 4.8 4.1
Hispanic ethnic group — %7 4.7 438 3.9 4.4
Previous stroke or TIA on target lesion >180 days 4.9 8.0 8.4 8.9
before randomization — %
Risk factors — %
Hypertension 87.4 88.0 84.9 85.1
Diabetes 37.8 40.7 38.0 34.4
Dyslipidemia 93.3 92.0 90.0 91.5
Current smoking 21.0 18.8 21.2 21.1
Previous cardiovascular disease or CABG 54.5 53.7 433 443
Blood pressure — mm Hg
Systolic 138.8+20.2 138.2+20.2 137.9+19.8 139.3+20.2
Diastolic 73.2+10.8 73.1+11.2 72.6+10.2 73.1+10.7
LDL cholesterol — mg/dl: 76.7+34.6 77.1+36.5 81.3£33.9 80.3+£33.6
Body-mass index§ 28.7£5.6 29.3+5.5 28.5+5.4 28.7+5.3
Stenosis at randomization — %
Index artery
=70% stenosis 97.6 97.7 97.1 97.4
Peak systolic velocity 2389 cm/secq 335 31.1 329 37.2
Nonindex artery: =50% stenosis 34.4 37.0 37.2 35.7
Modified Rankin scale score of 0 — %| 87.8 88.8 87.9 87.0
CHA,DS,-VASc score of =4 — %% 56.9 60.1 53.8 55.9
Current treatment with any antiplatelet agent — 100 — 99.2
before procedure — %
Carotid-artery stenting procedure
Median target-lesion length (IQR) — mm — 18 (12-20) — —
Embolic protection placed — % — 99.6 — —
Carotid endarterectomy procedure: general — — — 89.0
anesthesia — %

* Plus—minus values are means +SD. The stenting trial compared intensive medical management (medical therapy alone) with carotid-
artery stenting plus intensive medical management (stenting), and the endarterectomy trial compared intensive medical management
(medical therapy alone) with carotid endarterectomy plus intensive medical management (endarterectomy). CABG denotes coronary-
artery bypass grafting, IQR interquartile range, LDL low-density lipoprotein, and TIA transient ischemic attack.

Race and ethnic group were determined by the investigator.

To convert values for cholesterol to millimoles per liter, multiply by 0.02586.

The body-mass index is the weight in kilograms divided by the square of the height in meters.

A peak systolic velocity of 389 cm per second or greater indicates stenosis of approximately 80% or more of the artery.

Scores on the modified Rankin scale range from 0 to 6, with higher scores indicating greater disability and a score of 6 indicating death.
A score of 0 indicates no symptoms.

The CHA,DS,-VASc scale is used to assess the risk of stroke among patients with atrial fibrillation; scores range from 0 to 9, with higher
scores indicating a greater risk of stroke.
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A Stenting Trial: Systolic Blood Pressure

1.0+ 1.0+
-g . 0.8: . -ag . ng: Medical therapy alone (N=610)
- i Medical therapy alone (N=626) 2% |
E s g S
5T ] - Stenting {N=596)
s & O T LLE LR ek A ey B s & FrrmsmsmsmssmsmsmsmsssssossmssnesSoones
25 044 25 044
t = t =
e i s 'c 7
oT 0.2 o= 0.2
a | a |
0'0 T T T T T T T T T 1 0'0 T T T T T T T T T 1
0 4 8 12 18 24 30 36 42 48 0 4 8 12 18 24 30 36 42 48
Months of Follow-up Months of Follow-up
No. of Patients No. of Patients
Medical therapy 615597 587 575 528 474 421 399 360 323 Medical therapy 607595 585 573 526 472 419 399 360 323
alone alone
Stenting 607595 583 570 531 478 425 396 370 336 Stenting 596586 577 567 529 476 425 396 370 336

B Stenting Trial: LDL Cholesterol

C Endarterectomy Trial: Systolic Blood Pressure

1.0+ 1.0+
2 ) 2 )
S o 0.8 Medical therapy alone (N=620) S o 0.8 Endarterectomy (N=611)
2% ] - _
£5 o6 £5 o6
G X -0 Y X -0 H _
g 5 | Endarterectomy (N=616) g - | Medical therapy alone (N=608)
S o4g T S B 04 e
£ S £ S
2= ] 2= ]
o 02 o= 0.2
a | a |
0.0+ T T T T T T T T 1 0.0 T T T T T T T T 1
0 4 8 12 18 24 30 36 42 48 0 4 8 12 18 24 30 36 42 48
Months of Follow-up Months of Follow-up
No. of Patients No. of Patients
Medical therapy 613607 590 580 542 498 459 420 377 353 Medical therapy 608604 588 579 541 497 459 420 377 353
alone alone
Endarterectomy 611609 605 586 549 515 466 437 399 358 Endarterectomy 610610 606 586 549 515 466 437 399 358

D Endarterectomy Trial: LDL Cholesterol

Figure 1. Proportion of Patients with Risk-Factor Values in Target Range over Time.

The stenting trial compared intensive medical management (medical therapy alone) with carotid-artery stenting plus intensive medical
management (stenting), and the endarterectomy trial compared intensive medical management (medical therapy alone) with carotid
endarterectomy plus intensive medical management (endarterectomy). Shown are changes in risk-factor values (systolic blood pressure
and low-density lipoprotein [LDL] cholesterol) from baseline to 48 months for the stenting trial (Panels A and B) and the endarterecto-
my trial (Panels C and D). The target systolic blood pressure was less than 130 mm Hg (changed from <140 mm Hg in 2018). The target
LDL cholesterol level was less than 70 mg per deciliter (1.80 mmol per liter). Dashed lines represent the proportion of patients meeting
the treatment threshold goals in each group at baseline; these values overlap in Panel D. The first postbaseline assessment was con-
ducted at 44 days after randomization. Patients were followed beyond the occurrence of a primary-outcome event for risk-factor control.

In all panels, I bars indicate 95% confidence intervals.
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ipsilateral ischemic strokes occurred among 600
patients followed for 1686 person-years in the
medical-therapy group, for an annual event rate
of 1.7% (95% CI, 1.1 to 2.4); in the stenting group,
7 ipsilateral ischemic strokes occurred among 582
patients followed for 1714 person-years, for an
annual event rate of 0.4% (95% CI, 0.2 to 0.9),
with a relative risk of 4.07 (95% CI, 1.78 to 9.31)
(Fig. 2C and Table 2).

A supporting analysis that accounted for the

N ENGLJ MED 394;3

competing risk of death showed results similar
to those of the primary analysis (Table S3). A tip-
ping-point analysis suggested that the significance
for the stenting trial would be retained unless four
or more events were removed from the medical-
therapy group or unless three or more events were
added to the stenting group (see the Supplemen-
tary Appendix).

In the endarterectomy trial, the 4-year rate of
the primary outcome was 5.3% (95% CI, 3.3 to 7.4)
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in the medical-therapy group and 3.7% (95% CI,
2.1 to 5.5) in the endarterectomy group. The ab-
solute risk difference was 1.6 percentage points
(95% CI, —1.1 to 4.3; P=0.24), and the relative
risk in the medical-therapy group as compared
with the endarterectomy group was 1.43 (95% CI,
0.78 to 2.72) (Fig. 2A and Table 2). From day 0
through 44, three strokes occurred in the medical-
therapy group (in 0.5% of patients; 95% CI, 0.1
to 1.4), and nine strokes occurred in the endar-
terectomy group (in 1.5% of patients; 95% CI,
0.7 to 2.8) (Fig. 2B and Table 2). Beyond 44 days,
23 ipsilateral ischemic strokes occurred among
600 patients followed for 1761 person-years in the
medical-therapy group, for an annual event rate
of 1.3% (95% CI, 0.9 to 2.0); in the endarterec-
tomy group, 10 ischemic strokes occurred among
596 patients followed for 1823 person-years, for
an annual event rate of 0.5% (95% CI, 0.3 to 1.0),
with a relative risk of 2.38 (95% CI, 1.13 to 5.00)
(Fig. 2C and Table 2).

A supporting analysis that accounted for the
competing risk of death showed similar results
to those of the primary analysis. A tipping-point
analysis in the endarterectomy trial suggested
that significance would have been achieved if
seven or more events were removed from the
endarterectomy group or if six or more events
were added to the medical-therapy group.

In both trials, imaging of the head that was
performed within a 30-day window after a pri-
mary-outcome cerebral infarction occurred was
available for review for 71 of 84 patients (85%),
with volume data available for 69 patients. Imag-
ing was conducted by MRI in 59 patients (82%)
and by CT only in 13 patients (18%). The median
maximum volume was 1.49 ml (interquartile
range, 0.27 to 7.43). The infarct volume appeared
to be similar in the two treatment groups in
both trials (Fig. S7A and S7B). Differences in the
treatment effect for 11 prespecified subgroups
are shown in Figure 3.

For the combined periprocedural and post-
procedural periods, the annual event rate among
patients treated with intensive medical manage-
ment alone was similar in the two trials. In the
stenting trial, 28 events occurred among 629
patients followed for 1759 person-years, for an
annual event rate of 1.6% (95% CI, 1.1 to 2.3); in
the endarterectomy trial, 26 stroke events occurred
among 623 patients followed for 1834 person-

years, for an annual event rate of 1.4% (95% CI,
1.0 to 2.1).

SECONDARY OUTCOMES

The robustness of the primary findings was as-
sessed by consideration of commonly used alter-
native outcome definitions (Table S4A through
S4)). The results for the 4-year composite primary
outcome when the tissue-based definition of
stroke was used were similar to the results for
the primary outcome with WHO-defined stroke
in both the stenting and endarterectomy trials.
The results for the nondisabling stroke and minor
stroke outcomes were concordant with results for
the primary outcome in the stenting and endar-
terectomy trials. All the treatment groups, includ-
ing the medical-therapy groups, had low rates of
disabling stroke.

Periprocedural and postprocedural serious ad-
verse events are listed in Table S5. In the stent-
ing trial, the most common serious adverse events
were carotid revascularization, which occurred
in 118 patients (18.8%) in the medical-therapy
group and in 29 patients (4.7%) in the stenting
group, and death, which occurred in 69 (11.0%)
and 48 (7.8%), respectively. In the endarterectomy
trial, the most common serious adverse events
were carotid revascularization, which occurred in
131 patients (21.0%) in the medical-therapy group
and in 44 (7.1%) in the endarterectomy group,
and death, which occurred in 60 (9.6%) and 54
(8.8%), respectively. Common reasons that were
provided for revascularization were new carotid
symptoms, progression of stenosis, and patient
preference.

DISCUSSION

Among participants with asymptomatic high-
grade carotid stenosis, the stenting trial showed
that the addition of transfemoral carotid-artery
stenting to intensive medical management led
to a significantly lower risk of the primary com-
posite outcome (periprocedural stroke or death
or postprocedural ipsilateral stroke within 4 years)
as compared with intensive medical manage-
ment alone (2.8% vs. 6.0%). The absolute risk
difference of 3.2 percentage points was signifi-
cant, corresponding to a number needed to treat
of 31 to prevent one primary-outcome event
(Table S6).
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A Primary-Outcome Analysis
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Figure 2 (facing page). Four-Year Event Rates for the
Primary Outcome and Individual Components of the
Primary Outcome.

Panel A shows Kaplan—Meier estimates of the 4-year
incidence of primary-outcome events in the stenting
and endarterectomy trials, according to trial group.
The primary outcome was a composite of any stroke or
death, assessed from randomization to 44 days, or ip-
silateral ischemic stroke, assessed during the remain-
ing follow-up period up to 4 years. Panel B shows the
periprocedural component of the primary outcome
(i-e., stroke or death from randomization [day 0] to 44
days). Numbers in parentheses below the labels on the
horizontal axis are the numbers of events and of pa-
tients in trial group. I bars indicate 95% confidence in-
tervals. Panel C shows the postprocedural component
of the primary outcome (i.e., ipsilateral ischemic stroke
during the remaining portion of the 4-year follow-up).
In all panels, the inset shows the same data on an ex-
panded y axis.

In the endarterectomy trial, we found no sig-
nificant difference in the 4-year incidence of
primary-outcome events (5.3% in the medical-
therapy group and 3.7% in the endarterectomy
group). The event rate among patients who had
been assigned to a revascularization group ap-
peared to be similar in the two trials (Fig. 2A).
Results appeared to be consistent across sub-
groups in the two trials.

The program of intensive medical manage-
ment had similar effects on control of risk factors
across the treatment groups in the two trials
(Fig. 1). The CREST-2 team diligently monitored
the risk-factor status of all patients and worked
closely with the trial sites to improve control.
Furthermore, a commercial company worked di-
rectly with patients on risk-factor management.

The results of CREST-2 should be considered
in the context of recently completed interventional
trials®® and a population-based study of asymp-
tomatic carotid-artery disease.” The SPACE-2 trial,
which did not show a benefit of revascularization
as compared with medical therapy,? used the less-
stringent criteria of the European Carotid Surgery
Trial (ECST) for measuring stenosis.””> In addi-
tion, despite multiple tactics for enrollment,*
the final cohort in the SPACE-2 trial was less
than 16% of the target enrollment, which lim-
ited the power of that trial to compare revascu-
larization with medical treatment alone.’ The
ECST-2 trial included patients with stenosis of 50
to 69%, of whom one third had symptoms, and

only 10 of 214 patients in the revascularization
group underwent carotid-artery stenting.®

The Oxford Vascular Study, which involved pa-
tients receiving medical therapy, showed a lower
annual stroke rate than the medical-therapy groups
in CREST-2 but relied on patients with stenosis
of 50% or more seeking medical attention for
event ascertainment.? In CREST-2, but not in the
Oxford study, MRI imaging was preferred to CT
and was performed for 82% of the primary-
outcome cerebral infarctions. MRI has substan-
tially higher sensitivity for detecting infarction
than CT, particularly smaller infarcts. Further-
more, we surveilled patients for potential stroke
events in a scheduled manner using the Question-
naire Verifying Stroke Free Status.™ Thus, the two
trials in CREST-2 provide more-rigorous evidence
than SPACE-2 and ECST-2 about the relative ef-
fects of revascularization as compared with med-
ical therapy on stroke outcomes. They also pro-
vide more pertinent evidence than the Oxford
study about the risk of stroke among asymptom-
atic patients with stenosis of 70% or more.

As in previous trials involving patients with
carotid-artery disease,>®??* all the treatment
groups, including the medical-therapy groups,
had low rates of disabling stroke. Stenosis pro-
gression and TIAs are established risk factors
for ipsilateral stroke and indications for early
intervention. To comply with the standard of care,
our trials allowed revascularization in the medi-
cal-therapy groups after TIA (urgent) or progres-
sion of stenosis (timely). Patients receiving inten-
sive medical therapy should be educated about
symptoms of carotid-artery TIA and the impor-
tance of urgent presentation for care if such symp-
toms occur.” As in previous trials,>®*? both
carotid-artery stenting and endarterectomy were
durable with regard to low rates of postproce-
dural strokes.

Our two trials have limitations. First, although
stroke adjudicators were unaware of the treatment
assignments, patients and treating physicians were
not. Second, various changes in medical-therapy
practices occurred during the trials that could
lower stroke rates and negate any additional
benefit of revascularization. For example, guide-
lines now recommend a lower target for systolic
blood pressure, the advent of proprotein conver-
tase subtilisin—kexin type 9 (PCSK9) inhibitors
creates new options for the lowering of LDL cho-
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Table 2. Analysis of Primary Outcome and Components.

Variable

Primary 4-yr composite outcome*
Event rate (95% Cl) — %

Absolute difference (95% Cl) — percentage
pointsT

P value for difference
Relative risk (95% CI){
Components of primary outcome
Periprocedural period: stroke or death
No. of events/no. of patients
Percent of patients with event (95% Cl)

Difference (95% Cl) — percentage
points

Postprocedural period: ipsilateral ischemic
stroke

No. of person-yr
No. of events/no. of patients

Annual event rate per person-yr
(95% Cl) — %

Relative risk (95% Cl)

Stenting Trial

Medical Therapy
Alone Stenting

6.0 (3.8108.3) 2.8 (1.5t0 4.3)
3.2 (0.6t05.9)

0.02
2.13 (1.15 to 4.39)

0/629 8/616
0.0 (0.0 to 0.6) 1.3 (0.6 to 2.5)
-1.3 (-2.2t0 0.4)

1686 1714
28/600 7/582

1.7 (1.1to 2.4) 0.4 (0.2t0 0.9)

4.07 (1.78 to 9.31)

Endarterectomy Trial

Medical Therapy
Alone Endarterectomy

53 (3.3t0 7.4) 3.7 (2.1t05.5)
1.6 (-1.1t0 4.3)

0.24
1.43 (0.78 0 2.72)

3/623 9/617
0.5 (0.1 to 1.4) 1.5 (0.7 to 2.8)
-1.0 (-2.1t00.1)

1761 1823
23/600 10/596
1.3 (0.9 0 2.0) 0.5 (0.3 to 1.0)

2.38 (1.13 to 5.00)

* The primary outcome was a composite of any stroke or death in the periprocedural period (randomization through 44 days) or ipsilateral
ischemic stroke in the postprocedural period (the remaining portion of the 4-year follow-up).

T These 95% confidence intervals for the 4-year composite outcome were adjusted to 95.3% to account for the reduction in the P value from
the interim analysis (i.e., to represent the 2.35% and 97.65% thresholds of the bootstrap distribution).
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lesterol levels, and new highly efficacious phar-
macotherapies for diabetes and obesity have been
adopted widely.?*?® Third, revascularization was
performed only by well-trained and certified
high-volume operators, so the results in CREST-2
may not reflect practice more broadly. Fourth,
transcarotid-artery revascularization came into
frequent use after approximately one half the pa-
tients had undergone randomization, and thus this
approach could not be incorporated in the trial.”
In addition, the tipping-point analysis suggest-
ed that significance in the stenting trial could be
affected by a change in the outcome of three or
four patients (with a larger number being required
for the endarterectomy trial to reach significance
thresholds). Although the absolute number of pa-
tients is relatively small, it represents more than a
10% relative change in the number of events.

Finally, carotid-artery revascularization is not de-
signed to prevent strokes of all mechanisms, and
some of the postprocedural strokes may not have
been causally related to carotid-artery revascular-
ization.

We found that among patients with high-
grade stenosis without recent stroke symptoms,
carotid-artery stenting with intensive medical
management led to a lower risk of a composite
outcome of perioperative stroke or death or ipsi-
lateral stroke within 4 years than intensive medi-
cal management alone. Carotid endarterectomy
plus intensive medical management did not
provide a significant benefit as compared with
intensive medical management alone. An ongo-
ing long-term post-trial follow-up study, as was
done in the Carotid Revascularization Endarter-
ectomy versus Stenting Trial (CREST) trial® is
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Subgroup Absolute Difference in 4-Yr Estimated Event Rate (95% Cl)
Stenting trial Endarterectomy trial
percentage points

All patients —— —o—
Age

<70yr —— -

=70 yr +—— —

<80yr —e— ——

=80 yr * —_—
Sex

Male ——— T———

Female —— —
Peak systolic velocity

<342 cm/sec — ————

=342 cm/sec —_— —T—
Hypertension

No ———— —_—T

Yes —— T—
Diabetes mellitus

No — ——

Yes —_—— —_——
Dyslipidemia

No °® °

Yes —— —
Smoking

No —— —

Yes —_— S
CHA,DS,-VASc score

0-3 —— —t—

>4 —_1T —_—t——
Symptomatic status of target artery

Lifetime asymptomatic — T—

Previous stroke or TIA - * ,g
Symptomatic status of contralateral artery

Lifetime asymptomatic — —o—

Previous stroke or TIA s . S— -

T T T T T
-10-8 -6 -4-2 0 2

T T T T T 1 UL L UL
4 6 810121416 -10-8-6-4-20 2 4 6 8 10121416

Medical Therapy
Alone Better

Stenting+Medical
Therapy Better

Medical Therapy  Endarterectomy+
Alone Better ~ Medical Therapy
Better

Trials, According to Risk-Factor Subgroups.

fibrillation; scores range from 0 to 9, with higher scores i

S8A through S8K. TIA denotes transient ischemic attack.

Figure 3. Absolute Between-Group Differences in the 4-Year Estimated Event Rate in the Stenting and Endarterectomy

Shown are absolute between-group differences in the 4-year incidence of primary-outcome events in the stenting
and endarterectomy trials. The CHA, DS, -VASc scale is used to assess the risk of stroke among patients with atrial

not adjusted for multiplicity and should not be used to infer treatment effects. Arrows indicate that the 95% confi-
dence interval extends outside the graphed area. Full data regarding the subgroup analyses are provided in Figure

ndicating a greater risk of stroke. Confidence intervals are

evaluating longer-term outcomes for the com-
parisons of carotid-artery stenting and carotid
endarterectomy with intensive medical manage-
ment.*® The identification of features of carotid
atherosclerosis that may benefit from revascular-
ization warrants future research.’
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