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ABSTRACT

Extracranial carotid atherosclerotic disease has been associated with approximately 15%-20% of ischemic
stroke cases and is a leading cause of mortality and disability worldwide. Medical, surgical, and endovas-
cular therapies for the prevention of stroke from carotid disease have advanced considerably over the past
quarter century. The objective of this review is to outline the clinical presentation of symptomatic carotid
artery stenosis and the risk factors associated with development of carotid artery stenosis and then summa-
rize the current evidence-based medical treatment modalities, along with available surgical and endovas-

cular therapies.
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Population-based studies have estimated that extracranial
carotid artery stenosis from atherosclerotic disease is asso-
ciated with 15%-20% of ischemic strokes'~ and leads to
subsequent substantial disability. With the aging of the gen-
eral population and the wide availability of noninvasive
imaging modalities, physicians in general clinical practice
frequently encounter patients with carotid artery stenosis.
Identification of the subset of these patients at high risk of
stroke, and treatment of this population, has become a vig-
orous and fruitful area of research and therapeutic
endeavor, generating spirited debate and a myriad of new
treatment regimens. This article will briefly outline the clin-
ical presentation of symptomatic carotid artery stenosis and
the risk factors associated with development of carotid
artery stenosis,and then review the current evidence-based
medical treatment modalities, along with the surgical and
endovascular therapies available.

Overall, the prevalence of severe atherosclerotic carotid
artery stenosis, which is defined as >70%, in the general
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population is estimated to be 0.1% to 3%, with an increased
prevalence noted in men, Caucasians, American Indians,
those with coronary artery disease, and the elderly (older
than 65 years of age).” Modifiable risk factors associated
with carotid artery stenosis include smoking, hypertension,
hyperlipidemia, and diabetes mellitus.’

Clearly defining and distinguishing between symptom-
atic and asymptomatic carotid artery stenosis is important
because the natural history, and subsequent extrapolations
on the benefit of medical treatment or surgical or endovas-
cular procedures, differs markedly between them. A patient
with carotid artery stenosis is considered symptomatic if
the patient has transient or permanent loss of vision in the
ipsilateral eye or focal neurologic symptoms in the contra-
lateral cerebral hemisphere. Symptoms of carotid artery ste-
nosis include ipsilateral transient visual obscuration
(amaurosis fugax) from retinal ischemia, contralateral
weakness or numbness of an arm, a leg, or the face, or of a
combination of these locations, a visual field defect, dysar-
thria, and in the case of dominant (usually left) hemisphere
involvement, aphasia. In daily medical practice, carotid
artery stenosis is identified in many patients during the
workup of vaguely defined episodes of “dizziness,” general-
ized weakness, syncope or near-syncope episodes, “blurry
vision,” or transient positive visual phenomena (eg,
“floaters”). Such nonspecific symptoms in patients with
carotid artery stenosis do not qualify as symptomatic
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vascular events; these patients are considered asymptom-
atic, even in the presence of high-grade (over 70%) or
severe carotid artery stenosis.

Initial management of symptomatic carotid artery steno-
sis should always attend to modifying cardiovascular risk
by starting antiplatelet therapy with aspirin, as well as
aggressive control of vascular risk factors (Table). All
patients presenting with carotid

asymptomatic cerebral embolization and stroke,'” though
the optimal duration is unknown.

The introduction of statins, in particular, has dramati-
cally altered the landscape of therapy for vascular disease.
The Stroke Prevention by Aggressive Reduction in Choles-
terol Levels (SPARCL) trial cemented the place of statins
as standard medical therapy for transient ischemic attack

(TIA) or stroke.'' In this study,

artery stenosis should be started on  Woll§{ ) (oY B (el Y {3 (of:Y [l 3 among a subgroup of 1007 patients
with a mean rate of carotid artery

aspirin.” Class I evidence suggests
that perioperative single antiplatelet
therapy with low-dose aspirin (81
mg) reduces the risk of stroke perio-
peratively for up to 6 months.’
Beyond the routine implementation

mendations regarding medical treat-
ments for carotid artery stenosis
have evolved from a series of clini-
cal trials over the past 50 years that
progressively expanded the phar-
macologic toolbox available to
clinicians.® Based on some early
studies, many providers have begun
aggressively treating carotid artery

stenosis by adding novel antiplate- stenosis.

e Studies estimate that extracranial
carotid artery stenosis from atheroscle-
rotic disease is associated with 15%-
20% of ischemic strokes and leads to

d subsequent substantial disability.

of aspirin therapy, current recom- ¢ proyiders should refer patients with
symptomatic carotid artery stenosis of
70%-99% for revascularization. Prompt
revascularization in the hands of expe-
rienced operators produces a dramatic
reduction in future stroke risk.

e Intensive medical therapy may be
equal to carotid revascularization in
stroke risk reduction for asymptomatic

stenosis of 51%, the patients receiv-
ing high-intensity statin had an
impressive 33% reduction in any
stroke. "’

The strategy for antithrombotic
treatment in cases of asymptomatic
carotid artery stenosis remains con-
troversial because aspirin has not
been clearly shown to prevent
stroke in this population,'” and sim-
ilarly the benefits of a surgical or
stenting procedure in these patients
are less certain. A challenge regard-
ing the use of revascularization for
preventing stroke in patients with
asymptomatic carotid artery steno-

let agents to aspirin for short peri-
ods of time’ and high-intensity
statins. Clopidogrel or ticagrelor® are both efficacious
options that can be added to aspirin for secondary preven-
tion of ischemic stroke in patients with symptomatic carotid
artery stenosis. Long-term dual antiplatelet therapy (DAPT)
with aspirin, together with clopidogrel or ticagrelor, is not
generally indicated for secondary stroke prevention because
of increased risk of hemorrhage over time.*’ However, in
the early phase of symptomatic carotid stenosis where the
risk of recurrence is particularly high, dual antiplatelet ther-
apy has been shown to reduce the risk of recurrent

Table Aggressive Medical Management of Symptomatic Carotid
Artery Stenosis

Risk Factor Medical Intervention

- Start aspirin; can consider dual antiplatelet
therapy by adding clopidogrel or ticagre-
lor for 90 days or less

Smoking Encouragement of smoking cessation

Hypertension Initiation or adjustment of antihyperten-
sive regimen to attain blood pressure
goal <130/80 mm Hg

Diabetes mellitus Target HbA1c less than 7

Hyperlipidemia Initiation of high-intensity statin, target
serum LDL of <70 mg/dL; consider add-
ing ezetimibe for patients with high LDL
despite statin usage

Lifestyle Encouragement of exercise, weight loss,

and modifications to diet

HDL = high-density lipoprotein; LDL = low-density lipoprotein.

sis is the generally low risk of stroke
in untreated carotid artery steno-
sis.'® Furthermore, data reviewing patients with asymptom-
atic carotid artery stenosis have suggested that
combinations of the newer antiplatelet medications (ie, clo-
pidogrel, ticagrelor) and high-intensity statins may provide
stroke risk reduction approaching that of surgical treatment
with carotid endarterectomy. The 3 major randomized trials
that evaluated the benefit of endarterectomy in the asymp-
tomatic population, Veterans Affairs Cooperative Study
Group (VA trial),'* Asymptomatic Carotid Atherosclerosis
Study (ACAS),"” and the Asymptomatic Carotid Surgery
Trial (ACST),'® were published more than 10 years ago, in
an era of less effective and less intensive medical manage-
ment. A meta-analysis of these 3 trials found that endarter-
ectomy for asymptomatic carotid artery stenosis is
associated with a small absolute risk reduction for the out-
come of any stroke, varying from 1% in the VA trial over a
4-year period to 3.1% in ACST over a 3.4-year period.'’
Data from more recent systematic reviews intimate that
annual stroke rates among only medically managed asymp-
tomatic carotid artery stenosis declined from greater than
2% before the year 2000 to roughly 1% by 2010.'*" In
studies from the UK,ZU the Netherlands,21 and Canada,22
performed after 2010, stroke rates were 1% or less annually
in medically managed asymptomatic carotid artery stenosis
with a stenosis of 50% or greater; risks were no higher in
patients with carotid artery stenosis of 70% or higher than
in those with carotid artery stenosis of 50% to 69%. Though
these studies were relatively small, the low stroke rates are
consistent, despite the considerable burden of risk factors
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among the studied patients. The net benefit of surgical treat-
ment of asymptomatic carotid artery stenosis, which is asso-
ciated with periprocedural stroke, is thus marginal at best.

The advances in intensive medical management of
asymptomatic carotid artery stenosis leading to lower stroke
rates raise the most important question: whether carotid
revascularization is still indicated. The value of revasculari-
zation in asymptomatic patients is being assessed in the
ongoing Stenting versus Endarterectomy for Treatment of
Carotid-Artery Stenosis IT (CREST-2) trial.*”

There is little controversy regarding the benefit of endar-
terectomy in symptomatic moderate- to high-grade carotid
artery stenosis. Two major trials, the North American
Symptomatic Carotid Endarterectomy Trial (NASCET)>*
and the European Carotid Surgery Trial (ECST),” consis-
tently found an increased risk of stroke, especially with
higher degrees of stenosis, and established that symptom-
atic carotid artery stenosis patients benefit from surgical
treatment with endarterectomy. In NASCET,”***® patients
were divided into 3 groups: low-moderate (<50%), moder-
ate (50%-69%), and severe/high-grade (>70%) symptom-
atic stenosis. Those with symptomatic 50%-69% stenosis
had a 29% relative reduction in the 5-year risk of ipsilateral
stroke, while those with <50% stenosis had no such bene-
fit.”* Those with >70% stenosis had such a dramatic benefit
(65% relative risk reduction) that this study arm was prema-
turely stopped, and all patients with severe stenosis were
subsequently referred for endarterectomy.”® Thus, current
guidelines from the American Heart Association/American
Stroke Association (AHA/ASA) recommend endarterec-
tomy for patients with recent (within the past 6 months)
ipsilateral 70% to 99% carotid artery stenosis, so long as
the perioperative risk of stroke and death for the surgeon or
center is <6%.°

Prompt evaluation and triage of patients with symptom-
atic carotid artery stenosis is essential to diminish the risk
of early recurrent stroke. Prospective studies have shown
that the risk of ipsilateral stroke is highest within the first
90 days, and especially within the first month, after a
TIA.”’ Urgent revascularization can lower this risk by up to
80%."’

When carotid endarterectomy is indicated for patients
with TIA or stroke, the AHA/ASA guidelines state that it is
reasonable to perform the intervention within 2 weeks of
symptom onset, rather than delaying surgery, if there are no
contraindications to early revascularization.® No high-qual-
ity prospective, randomized trials have specifically evalu-
ated outcomes related to the timing of endarterectomy after
a recent stroke or TIA, and data for outcomes related to the
optimal timing of carotid artery stenosis revascularization
in general is scarce.

One important consideration is that in patients with total
or near total occlusion (100%) of a symptomatic ipsilateral
internal carotid artery, intervention is not recommended by
multiple specialty society guidelines.”® Internal carotid
artery occlusion at the carotid bifurcation leads to dissemi-
nation of thrombus distally into the intracranial portion of

the vessel, which precludes restoration of blood flow by
intervention.”® Medical management (Table), rather than
revascularization, is recommended for these patients.28

The lingering uncertainty about the benefit of carotid
endarterectomy in women should also be noted. A com-
bined review of Asymptomatic Carotid Atherosclerotic
Study (ACAS) and Asymptomatic Carotid Surgery Trial
(ACST) identified that men with asymptomatic carotid
artery stenosis had a 51% relative risk reduction.”” No sig-
nificant reduction in the stroke rate was observed in
Women;” however, these studies may have been underpow-
ered to detect a risk reduction in women.

In the generation since the trials on carotid endarterec-
tomy were performed, a newer technology in the form of
endovascular transfemoral carotid artery stenting emerged
as a potential alternative treatment for carotid artery steno-
sis. Compared with endarterectomy, transfemoral carotid
artery stenting has several advantages: It can be done with
mild sedation, requires no incision and is minimally inva-
sive, carries no risk of cranial nerve palsy, and has fewer
cardiovascular complications.”” Patients undergoing trans-
femoral carotid artery stenting are usually treated with a
dual antiplatelet regimen prior to the procedure and contin-
ued for 30 days or longer after the procedure.

There have been more than 10 randomized trials com-
paring endarterectomy and transfemoral carotid artery
stenting (the largest of these to date being CREST ") with
the results consistently suggesting that the 2 modalities,
when performed by expert operators, achieve equivalent
long-term benefits. However, the procedures have differing
safety profiles, with transfemoral carotid artery stenting
patients incurring more peri-procedural minor strokes,
while endarterectomy patients have more peri-procedural
myocardial infarctions and develop higher rates of postpro-
cedural cranial nerve palsy.”” Older adult patients have
worse outcomes with transfemoral carotid artery stenting
compared with endarterectomy,”’ even though older age
was originally proposed to be associated with high risk for
surgery and, therefore, a potential indication for carotid
stenting rather than endarterectomy. This point is illustrated
by the findings of a 2016 meta-analysis®' that evaluated
pooled patient-level data from subjects with symptomatic
carotid artery stenosis from multiple randomized trials. The
peri-procedural risk of stroke and death was significantly
increased with transfemoral carotid artery stenting com-
pared with endarterectomy for patients aged 70 to 74 years,
75 to 79 years, and >80 years.”' In clinical practice, the 2
interventions are best viewed as complementary approaches
rather than exclusive of the other. There are many patients
who have comorbid conditions (significant cardiac, pulmo-
nary, or other disease that greatly increases the risk of anes-
thesia), anatomic characteristics (a carotid lesion that is not
suitable for surgical access or unfavorable neck anatomy
such as contralateral vocal cord paralysis), or are of
advanced age that clearly benefit from 1 approach over the
other. The current AHA/ASA guidelines recommend trans-
femoral carotid artery stenting for recently symptomatic
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and severe carotid artery stenosis, when performed by an
operator with a 30-day stroke and mortality rate of <6%,
and also state that it is reasonable to consider patient age in
choosing between transfemoral carotid artery stenting and
endarterectomy.®

Regardless of the type of carotid revascularization per-
formed, whether transfemoral carotid artery stenting or end-
arterectomy, in several studies, experience of the operator
has been shown to influence patient outcomes.'” In the ran-
domized trials that evaluated efficacy of transfemoral
carotid artery stenting or endarterectomy, such as
CREST,” proceduralists at high-volume academic centers
underwent rigorous vetting with case review and participa-
tion in a lead-in phase, prior to patient enrollment, to allevi-
ate any potential effect of operator experience. However,
there is evidence that outcomes in the community, where
operator volume is lower, may not be as good. In a large
observational study of elderly Medicare beneficiaries in the
US undergoing transfemoral carotid artery stenting, lower
annual operator volume and early experience were associ-
ated with increased 30-day mortality.”” A Canadian hospital
registry found that low hospital and surgeon case volumes
are risk factors for complications following endarterec-
tomy.”” Outside large volume, academic centers with expe-
rienced operators, therefore, the applicability of the
randomized trial results to individual community hospitals
and community operators, and the subsequent benefit of
revascularization, remains unclear. If at all possible, clini-
cians involved in the management of carotid artery stenosis
should be aware of the complication rate of the operator to
whom they are referring for revascularization; the perioper-
ative risk of stroke and death for the surgeon or center
should be <6%.

Transcarotid revascularization is a novel technique that
has evolved over the past decade and represents a hybrid of
endarterectomy and transfemoral carotid artery stenting.”*
Transcarotid revascularization uses a transcarotid approach
to stenting and, additionally, incorporates a protection
mechanism deployed to prevent cerebral embolization.”*
The major Achilles heel of traditional transfemoral carotid
artery stenting, known from prior studies,’”* is the higher
peri-procedural risk of stroke in comparison with endarter-
ectomy. Transcarotid revascularization differs importantly
from transfemoral carotid artery stenting in that the operator
avoids navigating the aortic arch, a known key source of
embolization and subsequent stroke, particularly in elderly
patients. The mechanism of neuroprotection with transcaro-
tid revascularization is with the use of an extracorporeal
reversal flow system and also clamping of the carotid artery
below the sheath insertion, which leads to obligate reversal
flow in the carotid system during the case.*

The reported results from the recent Safety and Efficacy
Study for Reverse Flow Used During Carotid Artery Stent-
ing Procedure II study (ROADSTER II)*® on transcarotid
revascularization are compelling and represent the lowest
perioperative stroke rate ever reported in a prospective
carotid revascularization study. There were strokes in only

0.6% at 30 days. In comparison, the 30-day stroke rate from
the CREST study,” which compared transfemoral carotid
artery stenting with endarterectomy, was notably higher at
4.1% for transfemoral carotid artery stenting and 2.3% for
endarterectomy. Although the reported results from the
ROADSTER 1I study’® are promising, longer-term follow-
up data to confirm these early transcarotid revascularization
stroke outcomes and directly compare them to endarterec-
tomy and transfemoral carotid artery stenting in a random-
ized clinical trial are lacking at this point. The most recent
AHA/ASA guidelines report that the utility of transcarotid
revascularization for the prevention of recurrent stroke and
TIA remains uncertain® at the present time.

In summary, patients with symptomatic carotid artery
stenosis with 70%-100% stenosis (by North American
Symptomatic Carotid Endarterectomy Trial [NASCET]-
defined criteria) have an increased risk of stroke, in
comparison with patients with asymptomatic carotid
artery stenosis, where the natural history is more favor-
able. Revascularization, whether with transfemoral
carotid stenting or endarterectomy, should be considered
in patients with symptomatic carotid artery stenosis of
70%-99% and performed as soon as possible. Prompt
revascularization in the hands of an experienced opera-
tor produces a dramatic reduction in recurrent stroke
risk. Intensive medical therapy may be equal to carotid
revascularization in stroke risk reduction, and random-
ized studies with forthcoming results to answer this
question are ongoing.
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