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Asymptomatic carotid stenosis
Medicine alone or combined with carotid revascularization

ABSTRACT

Two positive randomized trials established carotid endarterectomy (CEA) as a superior treatment
to medical management alone for the treatment of asymptomatic carotid artery stenosis. How-
ever, advances in medical therapy have led to an active and spirited debate about the best treat-
ment for asymptomatic carotid stenosis. The Carotid Revascularization andMedical Management
for Asymptomatic Carotid Stenosis (CREST 2) trial aims to better define the best treatment for
the average patient with severe asymptomatic carotid stenosis. Enrollment in the trial may be
hampered by strong opinions on either side of the debate. It is important to realize that equipoise
exists and that neither the old data on CEA nor the new data on optimal medical therapy provide
a rigorous answer. The assumption that medical therapy has already been proven superior to
revascularization procedures may hinder both enrollment in the trial and technical advancements
in revascularization procedures. Neurology® 2017;88:2061–2065

GLOSSARY
ACAS 5 Asymptomatic Carotid Atherosclerosis Study; ACST 5 Asymptomatic Carotid Surgery Trial; ACT 1 5 Asymptom-
atic Carotid Stenosis Stenting vs Endarterectomy Trial; C2R 5 Carotid Revascularization and Medical Management for
Asymptomatic Carotid Stenosis Registry; CAS 5 carotid stenting; CEA 5 carotid endarterectomy; CMS 5 Centers for
Medicare Services; CREST 5 Carotid Revascularization Endarterectomy versus Stenting Trial; CREST 2 5 Carotid Revas-
cularization and Medical Management for Asymptomatic Carotid Stenosis; FDA 5 Food and Drug Administration; IMC 5
Interventional Management Committee; SAMMPRIS5 Stenting and Aggressive Medical Management for Preventing Recur-
rent Stroke in Intracranial Stenosis trial.

Recently, Drs. Spence and Naylor1 called for cessation of all carotid revascularization, carotid endarterec-
tomy (CEA) and carotid stenting (CAS), of low-risk asymptomatic carotid stenosis outside of the Carotid
Revascularization and Medical Management for Asymptomatic Carotid Stenosis (CREST 2) randomized
trial. In 2 trials separated by a decade, CEA has twice been shown superior to nonoperative management of
asymptomatic carotid stenosis, with an absolute risk reduction of 5%–6% over 5 years.2,3 Neither trial
employed what anyone would consider optimal medical management today, and hence Drs. Spence and
Naylor have declared them obsolete. CAS has now been shown in 2 separate randomized trials to be a low-
risk procedure with comparable periprocedural morbidity to CEA using a composite endpoint of stroke,
death, and myocardial infarction, with equivalent long-term stroke prevention.4–6 Drs. Spence and Naylor
correctly point out that, while both of these landmark trials demonstrated some of the lowest perioperative
event rates for both CEA and CAS to date, they did not answer the question of whether to revascularize the
patient with severe asymptomatic carotid stenosis in addition to providing the best medical treatment.
Substantial treatment pattern discrepancies continue to exist among the United States, Canada, and Europe,
with revascularization much more likely to be offered to asymptomatic patients in the United States.7 Those
of us working diligently to randomize patients in CREST 2 agree there is equipoise and do not presume to
know the answer.

Carotid stenosis provokes anxiety in both patients and their primary care physicians, and with reason.
Between 13% and 32% of acute intracranial large vessel occlusions are caused by cervical atherosclerotic carotid
stenosis or occlusion.8–11 Patients and their primary physicians understandably seek expert consultation and
treatment when a diagnosis of carotid stenosis is made. Indeed there is compelling evidence that optimal medical
management can have a dramatic effect in secondary stroke prevention. In the Stenting and Aggressive Medical
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Management for Preventing Recurrent Stroke in
Intracranial Stenosis trial (SAMMPRIS), the inci-
dence of recurrent stroke was decreased by half for
patients with symptomatic intracranial atherosclerosis
compared to the rate in the Warfarin vs Aspirin for
Symptomatic Intracranial Disease (WASID) trial.
SAMMPRIS used a strategy of optimal control of
hypertension, dyslipidemia, and diabetes, with anti-
platelet therapy and lifestyle coaching to encourage
smoking cessation and exercise.12 In addition, there
is evidence that the annual incidence of stroke with
optimal medical management of asymptomatic
carotid stenosis may be lower than the 2%/year
observed in both the Asymptomatic Carotid Athero-
sclerosis Study (ACAS) and the Asymptomatic
Carotid Surgery Trial (ACST).13–15 Drs. Spence and
Naylor note that evidence suggests that the rate may
in fact be as low as 0.5%–1%/year, which is similar
to the annual rate after successful CEA or stenting. It
is important to note that the latter point is not
proven in a prospective randomized trial with rigor-
ous follow-up and independent adjudication of out-
comes. But, at a minimum, there appears to be
equipoise. We are equally uncertain which answer
is correct (or incorrect). Hence it is premature, and
certainly without scientific basis, to declare ACAS
and ACST obsolete, and to suggest that no low-risk
asymptomatic patient should have a carotid revascu-
larization procedure (CEA or CAS) outside of a trial.
While such a policy would indeed facilitate earlier
completion of randomized trials, many patients
choose not to or cannot participate in randomized
trials for a variety of reasons. Given the data from
ACAS and ACST and the current equipoise, it seems
unreasonable that a patient with low-risk severe
asymptomatic stenosis should never be offered any
revascularization procedure, CEA or CAS, outside of
a trial. One should note that there are many potential
ways to identify the clinically asymptomatic patient
who is low risk for embolism, including transcranial
Doppler and high-resolution MRI plaque imaging, but
these methods themselves are unproven in a random-
ized trial, and are not universally available. Consider
the reverse situation, that medical management had
twice been shown superior to CEA for asymptomatic
carotid stenosis, and new data now suggest a lower
incidence of stroke with improved CEA and stenting.
Would anyone be calling for the suspension of medical
management alone without a randomized trial? We
need evidence, not eminence, on either side of the
debate.

Unlike medical treatments, surgical procedures
require the coming together of training, procedural
experience, and technology. This is especially true
for endovascular procedures. The original trials that
led to the Food and Drug Administration (FDA)

approval of the Merci retriever and the Penumbra sys-
tem for the treatment of large vessel occlusion stroke
were not designed to prove superiority of the proce-
dure to the natural history of the disease.16,17 Despite
the lack of evidence of clinical benefit, the FDA
approval of the devices was a seminal event in the
field of endovascular stroke intervention. The Cen-
ters for Medicare Services (CMS) followed with
reimbursement to hospitals and physicians for the
procedure, allowing physicians to obtain procedural
experience, and providing an impetus for industry to
invest in new and better devices. In 2013, 3 trials
were completed, all failing to demonstrate the clin-
ical efficacy of endovascular stroke treatment.18–20

The results led to similar calls for the cessation of
endovascular stroke treatment outside of trials.21

A quantum leap in the technology, the development
of stent retrievers, had already occurred.22,23 Con-
temporaneous improvements in aspiration catheter
technology were also occurring, along with a better
understanding of the populations most likely to ben-
efit. Within 2 years, no fewer than 5 randomized
trials were completed, establishing mechanical
embolectomy as, by far, the most important surgical
intervention ever for ischemic stroke.9–11,24,25 Where
would we be had we suspended all endovascular
stroke treatment until clinical benefit had been
unequivocally proven? The effect would have been
an abrupt decrease in the number of physicians with
the necessary procedural training and experience to
perform the procedures. Industry investment in new
technology would have dwindled, which would have
left us nowhere close to where we are today in our
ability to help patients with acute stroke.

The risk of stroke with CEA performed by experi-
enced surgeons in asymptomatic patients is at an
all-time low: 1.4% in the Carotid Revascularization
Endarterectomy versus StentingTrial (CREST) and
1.7% in the Asymptomatic Carotid Stenosis Stenting
vs Endarterectomy Trial (ACT 1). CAS can be per-
formed, by experienced interventionists and with
proper patient selection, with results equivalent to
CEA, and with no difference in cost.26,27 Comparable
long-term postprocedural health-related quality of life
has been documented for both CAS and CEA, with
advantages of CAS in the first month.28 It is undeni-
able, however, that the incidence of nondisabling
periprocedural stroke with CAS has been significantly
higher or numerically slightly higher than CEA in
every randomized trial comparing the 2 techniques.
The 30-day incidence of stroke was 1.3% higher in
ACT 1 and 1.1% higher in CREST for asymptomatic
patients, and 2.1% higher overall for the CAS pa-
tients in CREST.5,6,29 Although only a surrogate for
clinical outcomes, clinically silent ischemic lesions on
MRI diffusion imaging may also be more frequent
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with CAS.30 Considering that patients given 2 equally
efficacious procedures generally prefer a less invasive
treatment, why must we accept these circumstances as
unchangeable?

The limited scope of reimbursement for CAS in
the United States has resulted in an insubstantial rate
of technology development. While new devices for
the treatment of large-vessel occlusion stroke with
mechanical embolectomy come at a dizzying pace,
carotid stent technology has not changed substantially
in a decade. Development of new and improved
embolic protection systems, and meaningful trials to
compare different strategies, have been equally defi-
cient. There is one new stent design being tested in
a clinical trial, and another soon to be. There is one
new FDA-approved flow-reversal strategy, and others
that have been withdrawn because of the absence of
a market, given the absence of CMS coverage for
CAS for most symptomatic and all asymptomatic pa-
tients. Simultaneously, physician experience with
CAS is declining dramatically since 2014 due to the
closure of all CMS-approved registries. These regis-
tries had permitted treatment and reimbursement
for symptomatic patients with 50%–69% stenosis
and asymptomatic patients with 80%–99% stenosis
at higher than usual risk for CEA (treatment of high-
risk symptomatic patients with 70%–99% stenosis
had already been approved by CMS). As the Interven-
tional Management Committee (IMC) of CREST 2
reviewed applicants for the carotid stent arm of the
trial, rarely had an applicant performed the initial
qualification goal of 25 or more carotid stent proce-
dures within the previous year, and most had done
substantially fewer.

The lack of investment in new carotid stent tech-
nologies and trials to assess them, combined with
declining physician expertise, is not a recipe for suc-
cess. The advances that have been achieved with
improved medical management must be paralleled
with complementary advances in interventional treat-
ments. A moratorium on all carotid revascularization
procedures outside of randomized trials will only
exacerbate the situation, instead of fostering an envi-
ronment where the procedure can fulfill its promise
through proper physician training and improved
technology. Drs. Spence and Naylor fear overuse of
CAS on inappropriate patients. As with all surgical
and procedural treatments, we must find with CAS
(and endarterectomy) the proper balance of the right
procedures performed by the right physicians. Surely
that balance lies somewhere among an explosion of
unnecessary procedures, unqualified physicians per-
forming procedures 2 times a year, and a moratorium
on all procedures.

The CREST 2 Registry (C2R) was designed to
provide an avenue for potential carotid stent

physicians within the trial to enhance and maintain
experience with the procedure in order to ensure
the best possible outcomes in the stent arm of the
trial. Physicians are vetted by the IMC after review
of procedural records from 25 consecutive cases,
and are required to enroll all future patients in 1 of
2 national registries, with the data then transferred
to the C2R. All physicians undergo training on
patient selection. Once an investigator is approved
for the randomized phase of the trial, CREST 2 eligi-
ble patients can only be entered in the registry if they
refuse participation in the randomized trial, and even
then a site may not enter more eligible patients in the
registry than in the randomized trial. Hence there is
far more quality oversight for CAS than for CEA,
or for that matter, the vast majority of surgical proce-
dures. Leaders in the CAS community are, and always
have been, strong advocates of outcomes tracking,
and we agree that both CAS and CEA should be per-
formed at centers that track results and demonstrate
quality outcomes.

Reimbursement for CAS in asymptomatic patients
who are Medicare beneficiaries is linked to participa-
tion in the CREST 2 companion registry or the ran-
domized trial, which promotes trial enrollment. A
similar situation does not exist for CEA. Linking
reimbursement for CEA in asymptomatic patients
to participation in a companion registry or the
CREST 2 trial would undoubtedly also enhance
enrollment, but may be controversial in limiting
access to a procedure that has the weight of 2 random-
ized trials behind it. One additional barrier to trial
enrollment is the practice pattern in the United
States. Neurologists are infrequently involved in the
management of asymptomatic carotid stenosis, often
bypassed from the primary care physician to the sur-
geon or interventionalist. Perhaps neurologists inter-
ested in vascular disease should play a more active
role in the medical management and triage of these
patients.

Drs. Spence and Naylor also question the general-
izability of the surgical results in CREST and ACT 1
to the community at large. They cite reviews of
administrative datasets indicating higher than accept-
able complication rates for CAS, and question the rel-
evance of these trials in making treatment decisions in
the asymptomatic patient.31 First, reimbursement
policy in the United States has remarkably biased
the performance of stenting. CAS has been utilized
in a cohort ;of patients who are elderly or, as
defined by the CMS, have significant comorbid-
ities. We agree that this group of patients requires
additional study. They were not the subject of
CREST or ACT 1. Second, these trials included
hundreds of surgeons and interventionalists from
over 100 medical centers in North America and
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should reflect what is possible and can reasonably
be expected with appropriate training. Questions
of generalizability will always exist, whether
the subject is surgery, or the intensively managed
optimized medical treatment in SAMMPRIS and
CREST 2. The medical treatment protocols in
those trials may also be difficult to reproduce in
the community at large for a variety of reasons,
including access to care, physician expertise, and
patient compliance due to social or cost barriers.

The results of CREST 2 should provide great
insight into the best management of asymptomatic
carotid stenosis. However, completing the trial re-
quires recognition on both the medical and surgical
sides of the debate that we do not know the answer
to the question “How do we best manage the average
asymptomatic carotid stenosis patient?” As a commu-
nity, we must suspend our biases and attempt to
enroll every eligible patient. However, even if the trial
shows equivalence of optimal medical therapy and
optimal medical therapy plus revascularization, it is
certain that there will be a continued need for carotid
revascularization procedures (CEA and CAS) in
selected subgroups of both symptomatic and asymp-
tomatic patients. Further, CEA, CAS, and medical
therapy will never be equivalent for all patients. There
are clearly patient characteristics that may favor one
surgical treatment over another, or no procedure at
all. Carotid stenosis patients should be cared for by an
individual, or team of individuals working together,
with the expertise to offer all treatment options. We
must foster an environment that aims to do the right
thing for the right patient, and also one that assures
adequate physician training to perform procedures
and enables advances in technology to make those
procedures as safe as possible.
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