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Abstract

Purpose of review The goal of this paper is to provide the reader with a review of the
evidence supporting the surgical and medical management of patients with asymptomatic
internal carotid artery (ICA) stenosis.
Recent findings Based on the results of earlier clinical trials, surgical intervention with
carotid endarterectomy (CEA) has long been the preferred method of management for
patients with asymptomatic severe carotid stenosis. Carotid artery stenting (CAS) is
another less invasive surgical option that has similar outcomes over the long-term.
However, more recent improvements in medical management have reduced the risk of
stroke in this population to comparable rates seen with CEA. As a result, medical
management alone is advocated as well for patients with asymptomatic carotid
stenosis. In addition to stenosis severity, there are a number of features of plaque
morphology associated with vulnerable plaque that predict future stroke risk.
Summary Rates of stroke in patients with asymptomatic severe carotid stenosis with
modern surgical techniques, CEA and CAS, are similar to modern medical therapy
alone. Both surgery and medical therapy are good treatment options but it is not
known which treatment is superior. The Carotid Revascularization and Medical Man-
agement for Asymptomatic Carotid Stenosis Trial (CREST-2), an NIH-sponsored,
multicenter, randomized trial that aims to answer this important management deci-
sion.

Introduction

Atherosclerotic carotid artery stenosis is an important
cause of ischemic stroke, accounting for approximately
8–12% of all ischemic strokes [1]. The management of
symptomatic severe carotid stenosis, in patients with

low surgical risk, involves carotid intervention, either
with carotid endarterectomy (CEA) or carotid artery
stenting (CAS), and medical management. The manage-
ment of asymptomatic severe carotid stenosis, however,
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is more uncertain. Current guidelines recommend carot-
id intervention as well. But, these recommendations are
based on clinical trials performed 20–30 years ago. With
the advent of modern medical management, the risk of
stroke in medically treated patients with asymptomatic
carotid stenosis approaches that of those managed sur-
gically. Both surgical and medical therapies have a low
risk of stroke and it is uncertain which is the better
treatment option. The CREST-2 trial is a NIH-sponsored,
multicenter trial comparing medical with surgical treat-
ments for patients with asymptomatic severe carotid
stenosis that will hopefully answer this question in the
future. For patients not interested in or eligible for the
CREST-2 trial, features associated with vulnerable
plaque may provide a subset of patients at higher risk
of stroke, who may benefit from surgical intervention.

Prevalence of carotid artery stenosis
The prevalence of significant carotid artery stenosis in
the general population is low. For moderate ≥ 50%
stenosis, the prevalence ranges from 0–22.5% with a
pooled prevalence of 4.2% [2]. For severe ≥ 70% steno-
sis, the prevalence ranges from 0–4.9% with a pooled
prevalence of 1.7% [2]. In a large population study of
23,706 patients, asymptomatic moderate 9 50% carotid
stenosis by carotid ultrasound was found in 2% and
severe 9 70% stenosis in 0.5% [3]. Independent predic-
tors of carotid stenosis were age, male sex, hypertension
(HTN), diabetes mellitus (DM), current smoking, total/
HDL cholesterol ratio, and history of vascular disease
[3]. In another large population-based carotid artery
screening study of 4657 Swedish men, 2.0% had
moderate–severe 50–99% stenosis and 0.3% had carot-
id occlusions [4]. Independent predictors of carotid ath-
erosclerosis in this group were smoking, HTN, coronary
artery disease (CAD), and DM [4].

Screening for carotid artery stenosis
The US Preventative Services Task Force (USPSTF) rec-
ommends against screening for carotid artery stenosis in
the general population [5]. Similarly, many societies
also recommend against generalized screening [6–10].

Selective screening, however, in patients with known
vascular disease or multiple vascular risk factors, im-
proves the detection of asymptomatic carotid stenosis.
Coronary artery disease is a risk factor for carotid ath-
erosclerosis. Qureshi et al. in a review of 7 studies,
reported a prevalence of ≥ 50% carotid stenosis of 8–
21% in patients undergoing CABG [10]. Symptomatic

peripheral arterial disease (PAD) is also a risk factor for
carotid atherosclerosis. Studies report a prevalence of ≥
60% carotid stenosis of 9 20% in symptomatic PAD
[10]. A 14-Society Guideline on the management of
patients with carotid disease has Class IIb recommenda-
tions for screening carotid duplex in patients with PAD,
CAD, or atherosclerotic aortic aneurysm [7].

Patients without evident atherosclerotic disease but
with multiple vascular risk factors are also at risk of
asymptomatic carotid stenosis. Several risk models have
demonstrated the importance of selectively screening
patients with vascular risk factors. Jacobowitz et al. used
a modified carotid duplex protocol to screen 394 pa-
tients ≥ 60 years old with ≥ 1 risk factor of HTN, CAD,
current smoking, or family history (FH) of stroke in a
first-degree relative. By multivariate analysis, HTN and
cardiac disease were predictors of 9 50% carotid artery
stenosis. In a model consisting of HTN, hyperlipidemia
(HL), cardiac disease, and current smoking, the preva-
lence of carotid stenosis was 1.8% with 0 risk factors,
5.8%with 1 risk factor, 13.5% with 2 risk factors, 16.7%
with 3 risk factors, and 66.7%with all 4 risk factors [11].
In a study by Qureshi et al., among 887 patients
screened with carotid duplex, age 9 65, HL, CAD, and
current smoking independently predicted 9 60% carotid
stenosis. Patients with multiple risk factors had a greater
risk of carotid stenosis than those with fewer risk factors
[12]. Suri et al. externally validated the Jacobowtz and
Qureshi scoring models in the Cardiovascular Health
Study (CHS) database. In the 5449 patients in this da-
tabase with screening carotid duplex, the prevalence of
≥ 50% carotid stenosis was 4.2%. The prevalence of ≥
50% stenosis was 19% in patients ≥ 65 years old, with
CAD, HL, and currently smoking and 21% in patients
with HTN as well [13]. Rockman et al. conducted a
screening program among 610 patients with vascular
risk factors and found 10.8% of patients had ≥ 50%
carotid stenosis. 22.1% of patients with both HTN and
CAD had ≥ 50% stenosis [14]. The 14-Society Guideline
has Class IIb recommendations to screen patients with-
out atherosclerosis but who have ≥ 2 risk factors of HTN,
HL, tobacco use, FH atherosclerosis in relative G 60 years
old, or FH of stroke [7].

The importance of carotid stenosis detection
The detection of asymptomatic carotid stenosis has
many implications. Approximately 10–15% of all first-
ever strokes are due to previously unknown 9 50%
asymptomatic carotid stenosis [8•, 15]. In addition,
approximately 50% of patients have progression of
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stenosis at the time of the stroke [16]. In a study by
Klarin et al., more than 90% of patients with carotid
artery–related stroke had no prior history of carotid
stenosis at the time of stroke [17]. Only 15–20% of
strokes are heralded by TIAs [15, 18].

Carotid stenosis is also an important risk factor for
cardiovascular disease. The importance of the detec-
tion of carotid artery stenosis is evident in cardiac
disease prevention. In the SMART study, patients with
≥ 50% carotid stenosis were approximately four times
more likely to have a myocardial infarction (MI) than
a cerebral infarction in 5 years (8.0% vs 2.2%, respec-
tively) [19]. In a meta-analysis of over 11,000 patients
with 9 50% carotid stenosis, the 5- and 10-year mor-
tality approximates 25% and 50%, respectively, and
almost two-thirds of the deaths were cardiac related
[20].

Management of symptomatic carotid stenosis
The first step in the management of patients with
carotid artery stenosis is to determine if the patient
is symptomatic or asymptomatic. Symptomatic pa-
tients are defined as having a transient ischemic attack
(TIA) or stroke secondary to the carotid artery steno-
sis. Ocular symptoms related to carotid stenosis in-
clude ipsilateral transient monocular blindness
(TMB) or amaurosis fugax or permanent visual loss
such as central retinal artery occlusion (CRAO) or
branch retinal artery occlusion (BRAO). Hemispheric
symptoms include contralateral hemiparesis or apha-
sia with dominant cerebral hemisphere involvement
or neglect with non-dominant hemisphere involve-
ment. Dizziness and lightheadedness are usually not
a symptom of carotid artery stenosis.

The next step is to determine the degree of carotid
artery stenosis, specifically is the artery severely (≥ 70%)
stenosed. Surgical intervention is the standard of care for
patients with symptomatic severe carotid stenosis who
are good surgical candidates. Data supporting this
comes from the North American Symptomatic Carotid
Endarterectomy Trial (NASCET), which showed that pa-
tients with symptomatic severe carotid stenosis who
were treated with carotid endarterectomy (CEA) had a
significantly lower rate of stroke at 2 years than those
treated with medical therapy only (9% vs 26%, respec-
tively, relative risk reduction (RRR) 65%) [21]. Current
AHA/ASA guidelines recommend CEA for patients with
symptomatic severe (≥ 70%) ICA stenosis performed
within 2 weeks if the perioperative risk is G 6% (Class I,
Level A) [22].

Management of asymptomatic carotid stenosis
The management of patients with asymptomatic severe
carotid artery stenosis is more controversial. The most
recent AHA/ASA guidelines recommend considering
CEA in asymptomatic severe (9 70%) ICA stenosis if
the perioperative risk is G 3% (Class IIa, Level A) [6].
However, a caveat exists in this recommendation stating
that the effectiveness of carotid intervention compared
with modern medical therapy is not well known. This is
the main source of contention for many physicians
treating asymptomatic carotid artery stenosis. The land-
mark clinical trials clearly found a significant stroke risk
reduction with CEA overmedical treatment alone. How-
ever, medical therapies have greatly improved and the
risk of stroke in medically treated patients has gone
down considerably. Currently, the risks associated with
surgical treatments and medical treatments are similar.

Surgical treatment of asymptomatic carotid stenosis
The data supporting surgery for patients with asymp-
tomatic carotid stenosis comes from three main trials,
the Veterans Affairs Cooperative Study (VACS) [23–26].
In VACS, 440 men with asymptomatic ≥ 50% carotid
stenosis were randomized to CEA plus medical manage-
ment versusmedical management only. CEA significant-
ly reduced the combined incidence of ipsilateral neuro-
logic events (stroke or TIA) compared to the medical
group (8.0% vs 20.6%, respectively; p G 0.001) [23]. In
ACAS, 1662 patients with asymptomatic ≥ 60% carotid
stenosis were randomized to medical therapy versus
CEA plus medical therapy. Patients in the surgical arm
had a 5.1% risk of ipsilateral stroke and perioperative
stroke/death over 5 years versus 11.0% risk of ipsilateral
stroke in the medical arm for a relative risk reduction of
53% (p = 0.004) [24]. In ACST, 3120 patients with
asymptomatic ≥ 60% carotid stenosis were randomized
to either immediate CEA or deferred CEA. Patients in the
immediate CEA group had a significantly reduced five-
year and 10-year risk of any stroke and perioperative
stroke/death than the deferred CEA group (5-year,
6.9% vs 10.9%; p = 0.0001; 10-year, 13.4% vs 17.9%,
95% CI 1.2%–7.9%; p = 0.009) [25, 26]. A Cochrane
review consisting of pooled data from these three pivotal
trials found a 30% relative risk reduction from CEA for
ipsilateral stroke or any stroke over 3 years [27].

Although CEA reduced the risk of stroke in patients
with asymptomatic carotid stenosis in these trials, the
absolute risk reduction from was only 5%. A. Ross
Naylor contends, therefore, that 95% of all CEAs are
“unnecessary” [15]. The surgical results from ACAS were
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questioned regarding their generalizability to the com-
munity. ACAS accepted surgeons with low complication
rates and rejected 40% of the surgical applicants [28].
When the results of ACAS were compared to other case
series performed around the same time, operative mor-
tality was eight times lower and stroke and death rates
were three times lower in ACAS than in the community
[28]. Many subgroups showed no benefit from CEA in
these trials. There was no benefit of surgery for women
in the 5-year rate of any stroke or perioperative death in
ACAS and ACST [28]. The 10-year data from ACST,
however, showed there was benefit from surgery for
both men and women aged less than 75 at entry to the
trial [26]. There was no surgical benefit in the elderly,
specifically for patients older than 75 years of age at trial
entry in ACST [26]. For patients with contralateral carot-
id artery occlusion, there was no surgical benefit in
patients with asymptomatic stenosis [29].

In both ACAS and ACST, there was a delay until
surgical benefit. Risks were higher early on in the CEA
arm due to perioperative risks but with time the risks
favored the CEA group. In ACAS, for the outcome of
ipsilateral stroke or perioperative stroke or death, the
Kaplan-Maier curves do not cross until 10 months and
do not become significantly reduced in the CEA arm
until 3 years [24]. In ACST, for the outcome of any stroke
or perioperative death, the Kaplan-Maier curves do not
cross until 2 years and become significant at 5 years [25]
and persist at 10 years [26].

Carotid endarterectomy vs carotid artery stenting
Carotid endarterectomy is considered the gold standard
for carotid intervention. Carotid artery stenting is a less
invasive alternative. Comparisons between the two
treatments in patients with asymptomatic carotid steno-
sis come from the Carotid Revascularization Endarterec-
tomy vs Stenting Trial (CREST) and the Asymptomatic
Carotid Trial (ACT) I. In CREST, symptomatic and
asymptomatic patients were randomized to CEA versus
CAS. There was no significant difference in the 4-year
rate of the primary outcome (perioperative stroke, MI,
death, or ipsilateral stroke in 4 years) between CAS and
CEA (7.2% vs 6.8%, respectively; p = 0.51) [30]. Howev-
er, in the perioperative time, there were more strokes in
the CAS group (4.1% vs 2.3%; p = 0.01) andmoreMIs in
the CEA group (2.3% vs 1.1%; p = 0.03) [30]. Over a 10-
year follow-up, there was no difference in the primary
outcome between CEA and CAS [31]. In addition, there
was no significant difference between CEA and CAS in
rates of restenosis or revascularization [31]. In ACT I, a

multicenter, randomized controlled trial, patients with
asymptomatic stenosis were randomized in 3:1 ratio to
CAS:CEA. CAS was non-inferior to CEA for the primary
endpoint (peri = operative stroke, death or MI or ipsilat-
eral stroke at 1 year) (3.8% vs 3.4%, respectively; p =
0.01). Five-year follow-up between the two groups was
similar as well [32].

Declining stroke rates over time
Over time, there has been a steady decline in the rate of
stroke in patients with asymptomatic carotid stenosis
treated with medical therapy alone. The 5-year rate of
ipsilateral stroke in medically treated patients in ACAS
(published 1995) was 11.0%, compared to 5.3% in the
first 5 years of ACST (published 2004) and 3.6% in the
second 5 years of ACST (published 2010) [15]. Similar-
ly, the 5-year rate of any stroke in medically treated
patients in ACAS was 17.5% compared to 11.8% in the
first 5 years of ACST and 7.2% in the second 5 years of
ACST [15]. There has been a “60–70%” decline in stroke
rate over time in medically treated patients in random-
ized and non-randomized studies [15]. In fact, in more
recent trials, the annual ipsilateral stroke rates of 0.34–
1.4% inmedically treated patients are considerably low-
er than that reported in ACAS andACST [19, 33, 34]. In a
meta-analysis, the rate of ipsilateral stroke in patients
treated withmedical therapy only was 1.13% per year in
studies completed between 2000 and 2010 compared to
2.38% per year in studies completed before 2000 (p
G 0.001) [35]. The biggest reason for these declining
stroke rates is likely due to the progress of medical
therapy. In the ACAS trial, conducted between 1987
and 1993, medical therapy consisted of ASA 325 mg
per day and risk factor counseling [24]. In the ACST trial,
conducted between 1993 and 2003, medical therapy
was managed by the clinician, and typically consisted
of anti-thrombotic, anti-hypertensive, and anti-
hyperlipidemic therapy [26]. Although most patients
were on aspirin throughout the ACST trial, less than
10% were on lipid-lowering therapy and about 50%
on anti-hypertensive therapy at the beginning of the trial
compared to greater than 80% on each drug at the end
of trial [26].

Medical treatment of asymptomatic carotid stenosis

Anti-platelet therapy

In the Asymptomatic Carotid Emboli Study (ACES),
anti-platelet therapy independently reduced the risk of
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stroke and TIA [36]. In a multicenter stroke database,
prestroke aspirin use in patients with large artery athero-
sclerotic stroke was associated with less severity of stroke
at presentation [37]. Class IA recommendations from
the 14-Society Guideline call for anti-platelet therapy,
aspirin 75–325 mg per day, in patients with carotid
stenosis [7].

Lipid-lowering therapy

The multiple benefits of lipid-lowering therapy, specifi-
cally statins, are well known. Statins reduce the inci-
dence of stroke. In ameta-analysis of twelve randomized
control trials, there was a 21% reduction in stroke inci-
dence in the statin groups with a 1.0 mmol/L (39 mg/
dL) reduction of LDL (p G 0.0001) [38]. Statins also
reduce the need for carotid revascularization. In the
Heart Protection Study (HPS), simvastatin significantly
reduced the need for carotid revascularization (0.4% vs
0.8%; p = 0.0003) [38]. In the Stroke Prevention by Ag-
gressive Reduction in Cholesterol Levels (SPARCL) trial,
in patients with carotid artery stenosis, atorvastatin re-
sulted in a 56% reduction in carotid revascularization
(HR 0.44; p = 0.006) [39]. Statins also cause plaque
stabilization. In the Rotterdam Study, high-dose statins
changed the structure of carotid plaques from vulnera-
ble, lipid-rich plaques to stable, calcific plaques [40].
Statins also reduce the progression of carotid stenosis.
In the Measuring Effects on Intima-Media Thickness: an
Evaluation of Rosuvastatin (METEOR) trial, rosuvastatin
significantly reduced the progression rate of intima me-
dial thickness (IMT) in patients with subclinical carotid
atherosclerosis [41]. Class IB recommendations from
the 14-Society Guideline advise the use statins to reduce
LDL to goal G 100 mg/dL for patients with carotid ste-
nosis [7]. And Class IIa recommendations advise statins
to reduce LDL to goal G 70 mg/dL in patients with
carotid stenosis and stroke [7].

Management of hypertension

Systolic blood pressure is an independent risk factor for
carotid artery stenosis [42]. In the Systolic Hypertension
in the Elderly Program (SHEP) trial, treatment of hyper-
tension in patients with ICA stenosis was associatedwith
less progression of stenosis (14% vs 31%; p = 0.020) and
more regression of stenosis (32% vs 0%; p = 0.004)
compared to placebo [43]. Class IA recommendations
from the 14-Society Guideline advise anti-hypertensive

therapy for goal blood pressure (BP) G 140/90mmHg in
asymptomatic carotid stenosis [7]. According to the
2019 ACC/AHA guideline for the primary prevention
of cardiovascular disease, new lower BP targets are rec-
ommended for goal BP G 130/80mmHg [44]. Although
this guideline does not specifically call for this lower
range in patients with carotid stenosis, SBP G 130mmHg
is the new target for patients enrolled in the CREST-2
trial.

Management of diabetes

Diabetes is a risk factor for asymptomatic carotid steno-
sis [3]. Class IIa recommendations from the 14-Society
Guideline suggest diet, exercise, and glucose-lowering
medications [7]. The benefit of intensive therapy to goal
HbA1c G 7.0% is not established. Statins for goal LDL G
70 mg/dL is recommended for patients with diabetes
[7].

Smoking

Smoking is a risk factor for asymptomatic carotid steno-
sis [3, 4]. Smoking also increases the risk of carotid
plaque progression [45]. Class I recommendations from
the 14-Society Guideline recommend smoking cessation
for patients with carotid stenosis [7].

Obesity and exercise

Class I guidelines from the European Society of Vascular
Surgery recommend healthy diet and exercise [8•].

Modern medical therapy in other vascular territories
Evidence exists from other vascular beds that medical
therapy alone is at least equivalent to intervention plus
medical therapy. In the Clinical Outcomes Utilizing
Revascularization and Aggressive Drug Evaluation
(COURAGE) trial, percutaneous coronary intervention
for patients with stable coronary artery disease did not
reduce the composite outcome of death, myocardial
infarction, or stroke when compared to medical therapy
alone [46]. In the Stenting and Aggressive Medical Man-
agement for Preventing Recurrent Stroke in Intracranial
Stenosis (SAMMPRIS) trial, patients with symptomatic,
severe (70–99%) stenosis of an intracranial artery were
randomized to aggressivemedicalmanagement alone or
angioplasty and stenting plus aggressive medical man-
agement. Enrollment was stopped early because the 30-
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day stroke and death rate was significantly higher in the
stenting group compared to the medical group (14.7%
vs 5.8%; p = 0.002) [47]. In addition, the 1-year primary
outcome in themedically treated arm of SAMMPRISwas
much lower than what was expected from the Warfarin–
Aspirin Symptomatic Intracranial Disease (WASID) trial
(12.6% vs 25%, respectively) [47–49]. This is likely due
to the more aggressive medical therapy and use of dual
anti-platelet therapy used in SAMMPRIS.

Clinical equipoise

Just as the medical treatment of patients with asymp-
tomatic carotid stenosis has improved over time, so has
the surgical treatment. The perioperative stroke and
death rate of vascular surgeons in the CREST trial (pub-
lished 2010) was 1.1% [50]. By comparison, in ACAS
(published 1995) the rate was 2.3%, and in ACST (pub-
lished 2004) it was 3.1% [50]. With improvement in
both medical and surgical treatments and now similar
outcome rates, clinical equipoise exists for the manage-
ment of patients with asymptomatic carotid stenosis.
The Carotid Revascularization and Medical Manage-
ment for Asymptomatic Carotid Stenosis (CREST-2) Tri-
al is a NIH-sponsored multicenter randomized con-
trolled trial comparing intensive medical management
(IMM) versus carotid intervention (CEA or CAS) plus
intensive medical management. There are two parallel
trials such that patients can either be randomized to the
CEA trial (IMM vs CEA plus IMM) or CAS trial (IMM vs
CAS plus IMM). The CREST-2 trial has passed the mid-
point of enrollment and will not be completed for sev-
eral years. Eligible patients should be offered enrollment
in CREST-2. For patients ineligible for or uninterested in
CREST-2, there are a number of risk factors associated
with asymptomatic carotid stenosis that pose a higher
risk of stroke.

Severity of stenosis

As the degree of carotid stenosis becomes more severe,
the stroke risk increases. In the asymptomatic carotid
stenosis and risk of stroke (ACSRS) study, there was an
S-shaped relationship between the severity of stenosis
(NASCET method) and the incidence of ipsilateral TIA
or stroke, such that the event rates for 50–69% stenosis
were 8.2%, for 70–89% stenosis were 10.7%, and for

90–99%were 19.3% [51]. In patients with symptomatic
carotid stenosis, the benefit of CEA increases with in-
creasing degrees of stenosis [28, 52]. In ACAS and ACST,
however, there was no increase in surgical benefit for
worsening stenosis [24, 25, 28, 53].

Progression of stenosis

Progression of carotid stenosis is associated with an
increased risk of stroke. In the ACSRS study, patients
with progression of carotid stenosis had two times the
rate of ipsilateral stroke compared to patients without
progression [54]. Patients in the deferred group of the
ACST trial with progression of two categories and three
categories of stenosis over 1 year had a 4 and 7 times,
respectively, greater risk of ipsilateral stroke/TIA than
those without progression [55].

High intensity transient signals on transcranial Doppler

High-intensity transient signals (HITS) are microemboli
viewedwith transcranial Doppler (TCD) that are amark-
er of unstable plaque and are associated with increased
risk of stroke. Early work by Spence et al. showed that
patients with 9 2 HITS in the middle cerebral artery
ipsilateral to an asymptomatic carotid artery with ≥
60% stenosis were 15 times more likely to have a stroke
in 1 year (15.6% inHITS+ and 1% in HITS−; p G 0.0001)
[56]. The Asymptomatic Carotid Emboli Study (ACES),
a multicenter, prospective study in patients with ≥ 70%
stenosis, found that patients with ≥ 1 HITS had a 5.5
times greater risk of ipsilateral stroke in 2 years com-
pared to patients without HITS (HR 5.57; p = 0.007)
[18]. In a meta-analysis of five prospective studies in
patients with asymptomatic carotid stenosis, HITS were
a strong predictor of future stroke (OR 7.46; p = 0.001)
[57].

Plaque echolucency

Plaque morphology on ultrasound correlates well with
stability of plaque and subsequent risk of stroke. Early
work by Steffan et al. and Geroulakos et al. showed that
echolucent or lipid-rich plaques are unstable and more
often associated with symptomatic patients compared
with echogenic or fibrin-rich plaques which are more
stable and associated with asymptomatic patients [58,
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59]. More recent studies have shown that plaque
echolucency is associated with a 2–6 times increased risk
of stroke [60•]. Two meta-analyses showed that plaque
echolucency in asymptomatic carotid stenosis is associ-
ated with approximately 2.5 times increased rate of
ipsilateral stroke [61, 62]. In the ACES study, plaque
echolucency was associated with a 6-time greater risk
of ipsilateral stroke (HR 6.43; p = 0.019) [63]. In patients
with echolucency and HITS, there was a 10 times greater
risk of ipsilateral stroke (HR 10.61; p = 0.0003) [63].

Juxtaluminal black area

The juxtaluminal black (or hypoechoic) area on ultra-
sound correlates with a lipid-rich necrotic core on histo-
logic carotid plaque specimens [64]. Several studies have
shown that the presence of a juxtaluminal black (JBA) is
associated with symptomatic plaques [65, 66]. Griffin
et al. demonstrated the importance of the size of JBA,
finding that JBA ≥ 8mm2 without a visible fibrous cap is
highly associated with symptomatic plaques regardless
of the degree of stenosis [67]. In ACSRS, the size of the
JBA was linearly associated with stroke risk. The average
annual stroke rate was 0.4% for JBA G 4mm2, 1.4% for
JBA 4–8 mm2, 3.2% for JBA 8–10 mm2, and 5% for JBA
9 10mm2 was 5% (p G .001) [68].

Ulcerative plaque

Ulcerations in carotid plaques pose an increased risk
of stroke. Moore et al. showed that the risk of stroke
was proportional to the size and structure of the
ulcerative plaque. Group A ulcers (small) had a more
benign prognosis with 0.4% risk of stroke per year.
However, group B (large) ulcers and group C (mul-
tiple or cavernous) ulcers both had a 12.5% risk of
stroke per year [69]. Kuk et al. used 3D ultrasound to
show that carotid ulcer volume ≥ 5 mm3 was associ-
ated with higher risk of higher risk of stroke, TIA, or
death (p = 0.009) [70]. In medically treated patients
in the NASCET trial, patients with ulcerative plaques
were significantly more likely to have an ipsilateral
stroke than those without ulcers. For example, the 2-
year risk of ipsilateral stroke in patients with ulcera-
tive plaques and 75%, 85%, and 95% stenosis in-
creased from 26%, to 44 to 73%, respectively

compared to 21% for patients without ulcerative
plaques and similar degree of stenosis [71].

Vulnerable plaque on MRI

Vulnerable plaque features have been shown on MRI
carotid plaque imaging to predict future stroke [60•].
In symptomatic carotid stenosis, Kwee et al. demon-
strated that in patients with symptomatic 30–69%
stenosis, lipid-rich necrotic core (LRNC) (HR = 3.20;
p = 0.036), a thin/ruptured fibrous cap (HR = 5.76; p =
0.002), and intraplaque hemorrhage (IPH) (HR =
3.54; p = 0.04) were associated with recurrence ipsilat-
eral stroke/TIA [72]. And Hosseini et al. showed that
in patients with symptomatic ≥ 50% stenosis, the
presence of IPH was a strong predictor of recurrent
stroke/TIA (HR = 12.0; p G 0.001) and stroke (HR =
35.0; p = 0.001) [73]. In asymptomatic carotid steno-
sis, several studies have shown similar plaque features
associated with future stroke. Takaya et al. showed
that in patients with asymptomatic 50–79% stenosis,
a thin or ruptured fibrous cap (HR 17.0; p ≤ 0.001),
intraplaque hemorrhage (IPH) (HR 5.2; p = 0.005),
and larger maximum % lipid-rich/necrotic core were
all associated with future stroke or TIA [74]. Singh
et al. found that in men with asymptomatic 50–70%
stenosis, IPH was significantly associated with future
stroke/TIA (HR 3.59; p G 0.001) [75]. Mono et al.
showed that in patients with asymptomatic ≥ 50%
stenosis, lipid-rich necrotic core (HR 7.21; p = 0.037)
was associated with subsequent ipsilateral stroke or
TIA [76].

Impaired cerebrovascular reserve

Impaired cerebrovascular reserve (CVR) is like a stress
test for the brain. In the setting of severe carotid
stenosis, autoregulation preserves cerebral blood flow
by vasodilation of the brain’s arterioles [60•]. When a
vasodilating agent (such as inhaled carbon dioxide,
breath holding, or intravenous acetazolamide) is giv-
en to a patient, in patients with normal vascular
reserve there will be further vasodilation. But in pa-
tients at the limits of vasodilation, there will be im-
paired reserve, as the cerebral arterioles are unable to
further vasodilate. Several studies have demonstrated
that impairment of CVR is predictive of future stroke.
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Gur et al. showed that in asymptomatic patients with
severe 9 70% internal carotid artery stenosis, patients
with impaired reserve in response to an intravenous
acetazolamide injection were more likely to have ip-
silateral stroke/TIA (p = 0.009) [77]. Silvestrini et al.
found that in patients with asymptomatic stenosis ≥
70% stenosis, impaired breath-holding index (BHI)
was associated with a 13.9% annual ipsilateral stroke/
TIA rate compared to 4.1% in patients with normal
BHI [78]. And Markus and Cullinane found that in
patients with carotid occlusion or asymptomatic ca-
rotid stenosis, patients with impaired CVR to inhaled
8% carbon dioxide had a high likelihood of stroke/
TIA (OR 14.4; p = 0.0021) [79].

Silent embolic infarcts

The presence of silent embolic infarcts ipsilateral to
a carotid stenosis poses a high risk of future ische-
mic stroke in patients with asymptomatic carotid
stenosis. In the ACSRS study, patients with
moderate–severe (60–99%) stenosis and silent em-
bolic infarcts on baseline head CT were 3 times

more likely to have an ipsilateral stroke than those
without embolic infarcts (3.6% vs 1.0% annual
stroke rate, respectively; HR 3.0; p = 0.002) [80].

Contralateral TIAs

In the ACSRS study, patients with a history of contralat-
eral TIAs ≥ 6 months prior to enrollment were 3 times
more likely to have future stroke/TIA (RR 3.0; 95% CI
1.90–4.73) [51]. This finding is further supported by the
fact that patients in the deferred arm of ACST had 2
times the rate of ipsilateral stroke when there was a
history of contralateral symptoms [25, 51].

All of the above risk factors have been shown to be
markers of vulnerable plaque and independently in-
crease the risk of future stroke. The 2017 Guidelines
for the European Society for Vascular Surgery have
incorporated these risk factors into their Class IIa
recommendation for asymptomatic stenosis. It states
that CEA or CAS should be considered for patients
with asymptomatic 60–99% stenosis at “average sur-
gical risk” with one imaging marker of vulnerable
plaque [8•].

Conclusion

Asymptomatic carotid artery stenosis is an important cause of ischemic
stroke. Both surgical intervention (CEA and CAS) and modern medical
therapy are good treatments and are associated with low and similar rates
of ischemic stroke. The CREST-2 trial in a few years will hopefully provide
insight into the management of these patients. As a field, we should offer
enrollment in CREST-2 to all eligible patients. For patients ineligible for
CREST-2, features associated with vulnerable plaque may help stratify
patients at higher risk of future stroke.
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