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Carotid atherosclerotic plaque is encountered frequently in patients at high cardiovascular risk,
especially in the elderly. When plaque reaches 50% of carotid lumen, it induces haemodynami-
cally significant carotid stenosis, for which management is currently at a turning point.
Improved control of blood pressure, smoking ban campaigns, and the widespread use of statins
have reduced the risk of cerebral infarction to <1% per year. However, about 15% of strokes are
still secondary to a carotid stenosis, which can potentially be detected by effective imaging
techniques. For symptomatic carotid stenosis, current ESC guidelines put a threshold of 70% for
formal indication for revascularization. A revascularization should be discussed for symptomatic
stenosis over 50% and for asymptomatic carotid stenosis over 60%. This evaluation should be
performed by ultrasound as a first-line examination. As a complement, computed tomography
angiography (CTA) and/or magnetic resonance angiography are recommended for evaluating
the extent and severity of extracranial carotid stenosis. In perspective, new high-risk markers
are currently being developed using markers of plaque neovascularization, plaque inflamma-
tion, or plaque tissue stiffness. Medical management of patient with carotid stenosis is always
warranted and applied to any patient with atheromatous lesions. Best medical therapy is based
on cardiovascular risk factors correction, including lifestyle intervention and a pharmacological
treatment. It is based on the tri-therapy strategy with antiplatelet, statins, and ACE inhibitors.
The indications for carotid endarterectomy (CEA) and carotid artery stenting (CAS) are similar:
for symptomatic patients (recent stroke or transient ischaemic attack ) if stenosis >50%; for
asymptomatic patients: tight stenosis (>60%) and a perceived high long-term risk of stroke (de-
termined mainly by imaging criteria). Choice of procedure may be influenced by anatomy (high
stenosis, difficult CAS or CEA access, incomplete circle of Willis), prior illness or treatment (ra-
diotherapy, other neck surgery), or patient risk (unable to lie flat, poor AHA assessment). In
conclusion, neither systematic nor abandoned, the place of carotid revascularization must nec-
essarily be limited to the plaques at highest risk, leaving a large place for optimized medical
treatment as first line management. An evaluation of the value of performing endarterectomy
on plaques considered to be at high risk is currently underway in the ACTRIS and CREST 2 stud-
ies. These studies, along with the next result of ACST-2 trial, will provide us a more precise
strategy in case of carotid stenosis.
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Introduction

Carotid atherosclerotic plaque is encountered frequently
in patients at high cardiovascular risk, especially in the el-
derly, with an estimated prevalence of 10% in men and 6%
in women after the age of eighty. When plaque reaches 50%
of carotid lumen, it induces haemodynamically significant
carotid stenosis, for which management is currently at a
turning point.

The risk of ipsilateral cerebral infarction with a carotid
stenosis was previously estimated to be around 2% per
year,1 but it has decreased significantly over the last
20years. Improved control of blood pressure, smoking ban
campaigns, and the widespread use of statins have reduced
the risk of cerebral infarction to<1% per year.

However, about 15% of strokes are still secondary to a ca-
rotid stenosis, which can potentially be detected by effec-
tive imaging techniques. The objective of this work is to
offer a practical review, under the authority of the ESC
Council of Stroke and the ESC working group on Aorta and
Peripheral vessels, for the current desirable management
of carotid stenosis.

Imaging of the carotid stenosis

Stenosis evaluation
Stenosis severity is one of the key factors for revasculariza-
tion indication in case of a carotid plaque. For symptomatic
carotid stenosis, current ESC guidelines put a threshold of
70% for formal indication. A revascularization should be
discussed for symptomatic stenosis over 50% and for asymp-
tomatic carotid stenosis over 60%. This evaluation should
be performed by ultrasound as a first-line examination.
The carotid stenosis is estimated through multiple criteria,
mostly peak systolic velocity, end-diastolic velocity, ratio
of peak velocity of the internal carotid artery over peak ve-
locity of the common carotid artery2 (Table 1).

The echo B-mode can only be used as an adjunctive
method. Several concordant criteria are usually needed.
As a complement to ultrasound, computed tomography
angiography (CTA) and/or magnetic resonance angiogra-
phy are recommended for evaluating the extent and se-
verity of extracranial carotid stenoses. In the ACSRS
study, the incidence of transient ischaemic attack (TIA)
or ipsilateral stroke was 8.2% for 50–69% stenosis, 10.7%
for 70–89%, and 19.3% for 90–99%.3 However, trials vali-
dating this evaluation are outdated and do not take
into account the progress of the medical treatment, es-
pecially the use of statins and antithrombotic therapy.
Recently, 2017 ESC guidelines integrated plaque charac-
terization by imaging for revascularization indication in
case of asymptomatic carotid stenosis above 60% with
the assumption that imaging characteristics will identify
a subpopulation with higher risk of cerebrovascular acci-
dent4,5 (Table 2). Although those parameters are not yet
validated in clinical practice, we proposed here to de-
scribe the main imaging characteristics of carotid pla-
ques (actual and future ones), which can lead to ‘high-
risk lesions’.

Plaques characteristics
Ultrasound imaging
Stenosis progression. Significant plaque progression, over
20% increased of stenosis, has also been demonstrated as a
high-risk plaque feature.6 This tool should be used with
great caution, as the inter and intra investigator variability
can be considerable. Of note, monitoring the evolution of
an asymptomatic carotid plaque is not desirable on a regu-
lar basis, and the evaluation of stenosis variation should be
performed with available imaging, with the same imaging
modality, and if possible, with the same operator.

Plaque surface area. Measurement of plaque surface area
is an interesting feature; it is considered as an additional
risk factor, when it exceeds 80 mm2. As presented in the
ACSRS study, this factor should be integrated into a score,
allowing the identification of the plaques at highest risk.7

Plaque echolucency and ulcerations. Plaque wall echoge-
nicity could be systematically obtained and its analysis
proved to be one of the most used high-risk marker vali-
dated by Geroulakos et al.,8 in a qualitative analysis.
Hypoechoic structures most often correspond to the lipid
core or intra-plaque haemorrhage. This scoring was vali-
dated prospectively with an annual risk of 8% for echolu-
cent plaque.9 However, its generalization raises
reproducibility issues, which was addressed partially by
measure standardization of greyscale median.7 Lastly,
within a plaque that may appear iso- or hyper-echoic, the
presence of a juxta-luminal anechogenic area should be
considered at high risk10 (Figure 1A).

Visualization of a micro-flow within the plaque in con-
nection with vascular lumen defines the presence of a pla-
que ulcer. Initially validated by angiography, this feature is
associated with an increased risk of cerebral infarc-
tion.11,12 Only the largest ulcerations, however, appear to
have the highest risk. To better assess ulcer volume, 3D re-
construction,13 microbubble contrast imaging,14,15 or sen-
sitive Doppler imaging16 might be useful (Figure 1B).

High-intensity transient signals. Presence of high-intensity
transient signals (HITS), micro-emboli identified by trans-
cranial Doppler, is also defined as a major factor of high-
risk plaque.17 It is necessary, however, to use dedicated
devices and not conventional ultrasound examination. In
order to raise the sensibility of this technique, HITS detec-
tion should indeed be done during a long recording, if possi-
ble, at least 1 h.

Table 1. Spectral Doppler Ultrasound thresholds

Stenosis (%) PSV (cm/s) VICA/VCCA (cm/s) EDV (cm/s)

�49 <125 <2.0 < 40
50–69 125–230 2.0–4.0 40–100
�70 �230 �4.0 > 100

Obtained from Ref.2

PSV, peak systolic velocity in the stenosis; VCCA, peak velocity of
common carotid artery; VICA, peak velocity of internal carotid ar-
tery; EDV, end diastolic velocity in the stenosis.
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Magnetic resonance imaging
Magnetic resonance imaging (MRI) has two major advan-
tages: its performance in atherosclerotic tissues analysis
(especially for the detection of intra-plaque haemor-
rhages), and its capacity to perform cerebral structure and
parenchyma analysis during the same exam. An MRI dedi-
cated to plaque analysis can thus be used to search for a
thin or ruptured fibrous cap, an intraplaque haemorrhage,
and a large lipid core18,19 (Figure 1C).

In addition to these recent developments, MRI is a rec-
ommended examination modality for silent infarction de-
tection.20 In the ACSRS study, patients with silent embolic
infarction had an annual risk of stroke of 3.6 vs. 1.1% with-
out asymptomatic event.21

Computed tomography and positron emission
tomography imaging
Computed tomography (CT) accessibility is clearly superior
to MRI and CTcan also be used for high-risk plaques charac-
terization. It is however less efficient than MRI for tissue
analysis, especially for the detection of intraplaque hae-
morrhages. Calcifications detection can lead to an overes-
timation of the total plaque surface area, although
measurement of plaque volume is easier with this
method.22 This technique is still very effective for plaque
ulceration detection, thanks to its spatial definition and its
capacity of 3D reconstruction.23 Positron emission tomog-
raphy, although less available than conventional modali-
ties, can detect inflammatory process inside the plaque,
with increased glycolytic activity 18F-fluorodeoxyglucose.
This technique seems useful by the simple use of the glu-
cose uptake quantification considered as a high-risk
marker.24,25 Although very promising, more data are
needed to confirm the role of PET scanner in clinical
practice.

This is a non-exhaustive review of the proposed markers,
according to their validation and use in current practice. In
perspective, new high-risk markers are currently being

developed, using all of the imaging techniques presented
above, but without sufficient evidence. It concerns the
evaluation of arterial haemodynamics, including the evalu-
ation of wall shear stress in contact with the plaque,26–28

the evaluation of plaque neovascularization,29,30 or the
evaluation of plaque tissue stiffness.31

In addition, although several blood biomarkers are pro-
posed in the literature, our group has chosen not to com-
ment on the use of these biomarkers in clinical practice.
While proteomics studies seem to highlight some bio-
markers usefulness not detailed here,34,35 scientific evi-
dence is so far insufficient to recommend their use.

Optimal medical treatment

Reducing cardiovascular risk factors
Medical management of patient with carotid stenosis is al-
ways warranted and applied to any patient with atheroma-
tous lesions. Best medical therapy is based on
cardiovascular risk factors correction, including lifestyle
intervention and a pharmacological treatment.36 The goal
is to reduce not only the risk of cerebrovascular events but
also of global cardiovascular events, especially those in-
volving coronary arteries (Figure 2).
Medical treatment begins first by smoking cessation.32

Passive smoking must also be avoided. In addition, regular
physical activity and a healthy diet, weight loss, reduced
alcohol consumption, and diabetes control are key ele-
ments of prevention. In cases of cerebral infarction with
evidence of atheromatous arterial lesions, Amarenco et
al.33 recently demonstrated the value of an LDLc target of
70mg/dL (1.8mmol/L) rather than 100mg/dL (2.6mmol/
L). An even lower target at 55mg/dL (1.4mmol/L) and a
reduction in LDLc of>50% of the initial LDLc is now recom-
mended by the European Society of Cardiology since 2019
for patients in secondary cardiovascular prevention and for
patients at very high risk.34 This objective is mainly based
on the results of Odyssey study with the use of alirocumab,
a PCSK9 inhibitor.35 It is of course necessary to start a hypo-
lipemic treatment with a statin. In the event of failure to
reach the LDLc target, or intolerance to statins, treatment
with ezetimibe should be introduced.36 Blood pressure con-
trol is essential in the prevention of cerebral infarction.
Pharmacologic treatment should follow the recent ESC
guidelines on hypertension,37 and especially angiotensin
conversion enzyme inhibitors following the results of HOPE
trial.38 It is important to note that targets have evolved
with a target systolic pressure <130mmHg for patients un-
der 65 years of age, and diastolic pressure <80mmHg in
secondary cardiovascular prevention, based primarily on
the result of the SPRINT trial.39

Antithrombotic therapy
Strategy of antithrombotic treatment in case of asymptom-
atic carotid stenosis remains discussed in the literature.
The aim of antithrombotic therapy in asymptomatic ca-
rotid stenosis is dual: to reduce the risk of stroke directly
related to the lesion, as well as modulating the increased
risk of other cardiovascular events (e.g. myocardial infarc-
tion). Single-antiplatelet therapy (SAPT), especially low-

Table 2 Featured associated with increased risk in patient
with asymptomatic carotid artery stenosis treated medically

Clinical • Controlateral transient ischaemic at-
tack or stroke

Cerebral imaging • Ipsilateral silent infarction

Ultrasound imaging • Stenosis progression (> 20%)
• Spontaneous embolization of trans-

cranial Doppler (high-intensity tran-
sient signal)

• Impaired cerebral vascular reserve
• Large plaques
• Echolucent plaques
• Increased juxta-luminal black (hypoe-

chogenic) area

Magnetic resonance
angiography

• Intraplaque haemorrhage
• Lipid-rich necrotic core

Obtained from Ref.43
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dose aspirin, has shown to reduce the risk of major adverse
cardiovascular events (MACE), although the benefit is less
certain in case of moderate (i.e. 50–75%) stenosis.40 Dual
antiplatelet therapy (DAPT: dual antiplatelet therapy, aspi-
rin, and clopidogrel) has not demonstrated any benefit
over SAPT.41 If bleeding risk is low, the ESC guidelines sug-
gest long-term SAPT in patients with asymptomatic >50%
stenosis, to reduce not only stroke directly related to ca-
rotid lesions but also other cardiovascular events whose
risk is increased in the presence of carotid stenosis.42

In the COMPASS trial, 1919 patients with carotid artery
disease (either history of carotid revascularization or
asymptomatic �50% stenosis) have been included.
COMPASS compared aspirin 100mg þ rivaroxaban 2.5mg
b.i.d. vs. rivaroxaban 5mg b.i.d. alone vs. aspirin 100mg
alone.43 In the whole trial, the combination strategy was
associated with a significant decrease in MACE, with a simi-
lar trend in the carotid artery disease subgroup. However,
the report lack granularity to distinguish asymptomatic
patients from those revascularized.

Cerebrovascular events secondary to carotid stenosis are
at high risk of recurrence,44 and SAPT (aspirin or clopidog-
rel) is effective in reducing the atherothrombotic risk and
is superior over oral anticoagulation.45–47 In the early phase
of symptomatic carotid stenosis where the risk of recur-
rence is particularly high, DAPT reduces the risk of recur-
rent asymptomatic cerebral embolization and stroke.46–49

It also reduces the risk of stroke recurrence in patients
with minor stroke and TIAs, but specific evidence in case of
carotid stenosis is lacking.50,51 In a subgroup of patients of
the SOCRATES trial with ipsilateral atherosclerotic steno-
sis, patients under ticagrelor alone had significantly lower
MACE rates than those under aspirin.52 In older studies, the
combination of dipyridamole and aspirin was superior to as-
pirin alone to reduce major vascular events in patients
with TIA or minor stroke.53,54 This combination appeared
as effective as aspirin þ clopidogrel, but not superior over

clopidogrel alone in the risk reduction of stroke recur-
rence.55,56 Indeed, data on the efficacy of dipyridamole for
cerebrovascular risk reduction are inconsistent.57,58 Of
note, COMPASS data presented above cannot be applied to
symptomatic carotid stenosis as these patients were ex-
cluded from the trial because of intracranial bleeding
risk.42

After carotid stenting, DAPT (aspirin þ clopidogrel) is
generally used,43 but optimal duration is debated. In a
meta-analysis of three RCTs,59 the only significant benefit
of DAPT over SAPTwas a reduction of TIA by 13%. In a na-
tionwide registry, no difference was found in terms of cere-
brovascular and cardiovascular events among 2829
patients under DAPT durations of <30days, 30–41days,
and �42days after carotid stenting.60 Low-dose aspirin
reduces periprocedural and long-term events after carotid
endarterectomy (CEA; 23,24). Low-dose aspirin was supe-
rior to high-dose aspirin on 30-day risk of MACE (3.7% vs.
8.2%; P¼ 0.002).61

In the meta-analysis collecting data from three RCTs
comparing DAPT to SAPT after carotid interventions,60

there was no difference after CEA in death from stroke and
TIA between DAPT and single agent antiplatelet therapy,
but a significant increase risk of major bleeding and neck
haematoma with DAPT. The results of COMPASS trial in
patients with carotid artery disease have been presented
above. No specific data in patients undergoing CEA is
available.

Surgical or endovascular management

Carotid endarterectomy and stenting:
description
Principles
Carotid endarterectomy consists of surgical removal of the
atherosclerotic material causing stenosis at the carotid bi-
furcation. It can be undertaken under local or general

Figure 1 Examples of vulnerable plaques by imaging. Hypoechogenic juxta-luminal area by B-mode ultrasound and colour Doppler (A); plaque ulcera-
tion by ultrafast Doppler imaging (B); 3D T1 hypersignal supporting an intra-plaque haemorrhage by magnetic resonance imaging (C).
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anaesthetic, although only local anaesthetic offers the op-
portunity to directly observe and monitor the patient’s
neurological status throughout the procedure.

Carotid artery stenting is more frequently carried out
under local anaesthetic. It involves passing a wire beyond
the stenotic lesion and either employing an umbrella-like
filter (to catch any pieces of atheroma dislodged during
stent placement) or using balloon inflation in the external/
common carotid arteries to encourage reverse flow down
the internal carotid (preventing atheromatous emboli be-
ing carried up into the intracerebral circulation), whilst
the stent is placed across the stenosis and expanded to re-
store the normal luminal diameter.

More recently, a direct common carotid approach (called
‘TCAR’ for Transcarotid Artery Revascularization) has been
shown to be safe and is likely to be employed more fre-
quently in the future; through a mini-incision and using
flow-reversal, this avoids traversing the aortic arch and
manipulating the catheter into the common carotid ori-
gin—this technique may reduce or eliminate the extra ‘mi-
nor’ stroke risk currently associatedwith CAS.62

Prior to intervention, patients should be on lipid-
lowering and on antithrombotic medications to stabilize
the plaque and discourage thrombosis. Generally, CAS
patients have DAPTand heparin during the procedure, with
DAPT continuing for about 3months afterwards, whereas
CEA patients have single APT and heparin, with APT con-
tinuing thereafter.

Current indications for intervention and procedural
risks
The indications for CEA and CAS are similar: for symptom-
atic patients (non-disabling stroke, TIA within the last
6months, ormultiple episodes of amaurosis fugax) if steno-
sis>50%. For asymptomatic patients: tight stenosis (>60%)
and a perceived high long-term risk of stroke (determined
mainly by imaging criteria).

Choice of procedure may be influenced by anatomy (high
stenosis, difficult CAS or CEA access, incomplete circle of
Willis), prior illness or treatment (radiotherapy, other neck
surgery), or patient risk (unable to lie flat, poor AHA

assessment). Risks from undertaking CEA include stroke,
cranial nerve palsy (or permanent nerve damage), a mod-
erate risk of MI and some risk of infection and bleeding.
Risks from CAS include stroke (with more risk of periproce-
dural minor stroke than CEA), lower bleeding risk than
CEA, and a smaller risk of MI. Cranial nerve damage is un-
common after CAS.
A flowchart for decision-making and current evidence

has been published in both the recent European Society for
Cardiology Guidelines and the European Society for
Vascular Surgery Guidelines43 (Figure 3).

Foundations: randomized controlled trials
Carotid endarterectomy and medical treatment vs.
medical treatment alone
In symptomatic patients: the two most important random-
ized trials comparing CEA with BMT (‘Best’ Medical
Treatment) were NASCET, ECST published in 1991.63–65

In asymptomatic patients, there are three major trials:
VACS randomized males from 1983 to 1987, with follow-up
until 1991. ACAS randomized 1662 patients between 1987
and 1993, with follow-up until 1997, and ACST-1 random-
ized 3120 patients between 1993 and 2003, with follow-up
extending to 2008. It can be noticed that medical treat-
ments changed considerably over this 25-year period. In
VACS, aspirin was taken by around half of patients, while
antihypertensive therapy was also used less commonly
than in the other two trials and no patient received statins.
During ACAS and ACST-1, use of antihypertensive therapy
and antithrombotic treatments increased; these trials also
included patients who took fibrates and increasing doses of
statins. ACST-1 had longer follow-up and more robust evi-
dence about statins use and found that overall stroke risk
was reduced by statins, so was the perioperative stroke
risk. This explains the decrease rate of ipsilateral stroke
risk, it was 2.3% person-year in trial whom recruited before
2000, compared with 1.0% person-year during the 2000–10
period (P< 0.001).66

Two trials are still recruiting in asymptomatic
populations:

Figure 2 Annual incidence of neurological ischemic events and stenosis progression in patient with asymptomatic carotid stenosis according to the qual-
ity of risk factors management. Extracted from Ref.85 Obtained from Ref.86
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CREST-2 is comparing medical treatment alone with medi-
cal treatment plus either CAS or CEA—this is not a direct com-
parison of CEA with CAS, as the patient and clinician choose
the CEA or CAS ‘are’ of the trial before randomization be-
tween the intervention or medical treatment alone.67 The
ACTRIS study is also comparing the effect of endarterectomy
in addition to medical treatment vs. medical treatment
alone, in patients with asymptomatic carotid plaque >70%
NASCET, andwith imaging vulnerability criteria.

Outcomes.

• Symptomatic randomized trials of CEA vs. medical
treatment alone:
In recently symptomatic patients with <50% stenosis,
CEA (plus BMT) did not prevent stroke, but operation did
reduce stroke risk in patients with moderate (50–69%)
and severe (70–99%) stenosis. Benefit from surgery in-
creased with increasing severity of stenosis, except for
‘near-occlusion’ (defined as a 95–99% stenosis with distal

ICA collapse or a narrow calibre lumen with ‘trickle
flow’) where there were no obvious benefits from CEA.

• In asymptomatic trials, VACS observed no difference in
‘ipsilateral’ or ‘any’ stroke (including the periopera-
tive risk) at 4 years. By contrast, ACAS and ACST ob-
served that CEA conferred significant reductions in
‘any’ stroke (including the perioperative risk), while
ACAS reported that CEA significantly reduced 5-year
rate of ‘ipsilateral’ stroke. The ACAS and ACST-1 trials
were important to the current development of inter-
national practice guidelines, which advise that CEA
should be performed with a 30-day death/stroke rate
<3% and that, before considering surgery, patients
should have a predicted survival of at least 5 years.

Important points included:

• Gender and CEA—large registries (much larger than
these trials) have shown that results of CEA are not

Figure 3 Management of extracranial carotid artery disease. BMT, best medical therapy; CAS, carotid artery stenting; CEA, carotid endarterectomy;
CTA, computed tomography angiography; MRA, magnetic resonance angiography; TIA, transient ischaemic attack. Obtained from Ref.42
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influenced by sex and these findings in hundreds of
thousands of patients are clear.68

• Stenosis severity and stroke risk—these three asymp-
tomatic trials did not show a relationship between
stroke risk and severity of stenosis, so patients not un-
dergoing surgery with 60–99% stenosis (few had either
60 or 99%) had very similar stroke risks.

• Long-term durability of benefit is particularly impor-
tant if intervention is undertaken in asymptomatic
patients. The ACST-1 trial showed a clear advantage in
favour of surgery at 5 years of follow-up and this was
maintained until 10 years.

• Age and stroke benefit—trials were usually undertaken
in patients who were <75 years, although ACST-1 in-
cluded about 600 older patients—the benefits of CEA
were not clear in these older patients although it is
unlikely that a very specific cut-off age exists and
older patients may benefit from CEA, whilst being at
higher risk from stroke and other causes of death
within the next 5–10 years.

Carotid endarterectomy vs. carotid artery stenting
Fourmajor trials have recruited patients with recent symp-
toms (ICSS, CREST, EVA-3S, and SPACE)69–72 and five have
completed or are close to completion in patients who are
asymptomatic (CREST, SPACE2, Brooks, ACT1, CREST-2,
ACST-2).71,73–77 All used contemporary medical treatments
in both treatment arms and, as their results have been pub-
lished in the 2000s and 2010s, their use of lipid-lowering
drugs has beenmore consistent.

Outcomes.

• Symptomatic randomized trials: endarterectomy vs.
stenting.
A meta-analysis of over 4000 patients in the ICSS,
CREST, EVA-3S, and SPACE trials comparing surgery
with stenting in symptomatic patients showed a strong
association between increasing age and higher rates of
death/stroke after CAS, but not after CEA.
In CAS patients, risk increased with age (compared
with patients aged < 60 years), CAS patients aged
>80 years being four times more likely to suffer a pro-
cedural stroke/death [odds ratio (OR) 4.15, 95% confi-
dence interval (CI) 2.20–7.84]. In CEA patients,
increasing age was not associated with an increased
risk of perioperative stroke/death. When CAS was
compared with CEA, the age effect started to become
apparent in patients aged 60–65, while CEA was clini-
cally superior to CAS in patients aged >70 years (HR
2.09, 95% CI 1.32–2.32).78 Similar findings (no associa-
tion between age and procedural risk after CEA) were
reported by NASCET in 2001.79

• Asymptomatic randomized trials: CEA vs. CAS
A meta-analysis from four of the five completed
asymptomatic RCTs in average risk patients found that
CAS patients had a higher chance of periprocedural
stroke (OR 1.71, 95% CI 0.99–2.98).75,80–82 These ‘ex-
tra’ strokes were mostly minor and, in contrast, the
risk of MI was lower after CAS. Long-term review was
necessary to determine the durability of CEA vs. CAS

and it has shown that both procedures are equally du-
rable, despite their early differences. Trials of CAS vs.
CEA are not complete yet, as ACST-2, the largest vas-
cular surgery intervention trial to date has almost fin-
ished recruitment and these 5-year results are eagerly
awaited in 2021.76 Over 3500 patients have been en-
rolled in ACST-2 and, with more modern medical
treatments and newer stenting techniques, these find-
ings will inform the practice of intervention in asymp-
tomatic patients for the 2020’s.

Recent advances have been made in decision-making for
choosing carotid plaque intervention in case of asymptom-
atic plaque. Early studies had a high risk of stroke due to
suboptimal medical treatment. Since these trials, consid-
erable efforts have been made to reduce the risk of stroke,
through hygiene-dietary rules and pharmacological treat-
ment (detailed in the paragraph of the medical care).84

Consequently, the best therapeutic option for asymptom-
atic plaque is now medical except for selected cases. The
benefit of CEA and CAS for asymptomatic plaque is now
low, and should be limited to patients selected on the basis
of long-life expectancy, low surgical risk, and plaque con-
sidered vulnerable (or at ‘high risk of stroke’) according to
the imaging criteria (detailed in the imaging paragraph).
For symptomatic patients with carotid plaques considered
to be at high risk of stroke, the benefits of these proce-
dures remain a good option.

Carotid endarterectomy and myocardial
revascularization
Myocardial revascularization is accompanied by an in-
creased risk of stroke. The presence of carotid plaque indi-
cates an increased risk of stroke. Nevertheless, the cause
of post-operative stroke is multifactorial, including the risk
of embolization from the aorta or its branches, atrial fibril-
lation, etc. No evidence exists for a significant reduction in
the risk of stroke with preventive surgery. Therefore, the
latest ESC guidelines do not recommend routine carotid
surgery and only certain high-risk cases, such as bilateral
severe stenosis, should be discussed in a vascular team
with a neurologist.83

Conclusion

Neither systematic nor abandoned, the place of carotid re-
vascularization must necessarily be limited to the plaques
at highest risk, leaving a large place for optimized medical
treatment as first line management. This quite simply
delimits the recently symptomatic plaques, for which a ce-
rebral imaging confirms as much as possible the recent
character of the cerebral infarction. The situation is much
more complex in case of asymptomatic plaques. High-
performance imaging for high-risk plaque detection is
needed, although no single technique nor morphological
marker is universally accepted. An evaluation of the value
of performing endarterectomy on plaques considered to be
at high risk is currently underway in the ACTRIS and CREST
2 studies. These studies, along with the next result of
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ACST-2 trial, will provide us a more precise strategy in case
of carotid stenosis.
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Andreev A, Andreozzi GM, Verlato F, Camporese G, Arosio E,
Barkauskas E, Barros DA, Brannigan P, Batchvarova V, Dramov A,
Belardi P, Novelli G, Abbott AL. Asymptomatic internal carotid artery
stenosis and cerebrovascular risk stratification. J Vasc Surg 2010;52:
1486–1496.e1–5.

8. Geroulakos G, Ramaswami G, Nicolaides A, James K, Labropoulos N,
Belcaro G, Holloway M. Characterization of symptomatic and asymp-
tomatic carotid plaques using high-resolution real-time ultrasonogra-
phy. Br J Surg 1993;80:1274–1277.

9. Topakian R, King A, Kwon SU, Schaafsma A, Shipley M, Markus HS; for
the ACES Investigators. Ultrasonic plaque echolucency and emboli
signals predict stroke in asymptomatic carotid stenosis. Neurology
2011;77:751–758.

10. Kakkos SK, Griffin MB, Nicolaides AN, Kyriacou E, Sabetai MM, Tegos
T, Makris GC, Thomas DJ, Geroulakos G; Asymptomatic Carotid
Stenosis and Risk of Stroke (ACSRS) Study Group. The size of juxtalu-
minal hypoechoic area in ultrasound images of asymptomatic carotid
plaques predicts the occurrence of stroke. J Vasc Surg 2013;57:
609–618.e1; discussion 617–8.

11. Eliasziw M, Streifler JY, Fox AJ, Hachinski VC, Ferguson GG, Barnett
HJ. Significance of plaque ulceration in symptomatic patients with
high-grade carotid stenosis. North American Symptomatic Carotid
Endarterectomy Trial. Stroke 1994;25:304–308.

12. Handa N, Matsumoto M, Maeda H, Hougaku H, Kamada T. Ischemic
stroke events and carotid atherosclerosis. Stroke 1995;26:
1781–1786.

13. Kuk M, Wannarong T, Beletsky V, Parraga G, Fenster A, Spence JD.
Volume of carotid artery ulceration as a predictor of cardiovascular
events. Stroke 2014;45:1437–1441.

14. Saha SA, Gourineni V, Feinstein SB. The use of contrast-enhanced ul-
trasonography for imaging of carotid atherosclerotic plaques: cur-
rent evidence, future directions. Neuroimaging Clin N Am 2016;26:
81–96.

15. Steinl D, Kaufmann B. Ultrasound imaging for risk assessment in ath-
erosclerosis. Int J Mol Sci 2015;16:9749–9769.

16. Goudot G, Khider L, Pedreira O, Porée J, Alsac JP, Amemiya J-M,
Bruneval K, Messas P, Pernot E, Mirault MT. Innovative multiparamet-
ric characterization of carotid plaque vulnerability by ultrasound.
Front Physiol Frontiers 2020;11:157.

17. Markus HS, King A, Shipley M, Topakian R, Cullinane M, Reihill S,
Bornstein NM, Schaafsma A. Asymptomatic embolisation for predic-
tion of stroke in the Asymptomatic Carotid Emboli Study (ACES): a
prospective observational study. Lancet Neurol 2010;9:663–671.

18. Schindler A, Schinner R, Altaf N, Hosseini AA, Simpson RJ, Esposito-
Bauer L, Singh N, Kwee RM, Kurosaki Y, Yamagata S, Yoshida K,
Miyamoto S, Maggisano R, Moody AR, Poppert H, Kooi ME, Auer DP,
Bonati LH, Saam T. Prediction of stroke risk by detection of hemor-
rhage in carotid plaques. JACC Cardiovasc Imaging 2020;13(2 Pt 1):
395–406.

19. Takaya N, Yuan C, Chu B, Saam T, Underhill H, Cai J, Tran N, Polissar
NL, Isaac C, Ferguson MS, Garden GA, Cramer SC, Maravilla KR,
Hashimoto B, Hatsukami TS. Association between carotid plaque
characteristics and subsequent ischemic cerebrovascular events: a
prospective assessment with MRI–initial results. Stroke 2006;37:
818–823.

20. Pascot R, Daoudal A, Cardon A, Godet G, Lucas A, Clochard E,
Gauvrit J-Y, Teurnier YL, Kaladji A. Evaluation by magnetic reso-
nance imaging of silent brain infarcts in preoperative and postopera-
tive asymptomatic carotid surgery. Ann Vasc Surg 2017;43:258–264.

21. Kakkos SK, Sabetai M, Tegos T, Stevens J, Thomas D, Griffin M,
Geroulakos G, Nicolaides AN; Asymptomatic Carotid Stenosis and
Risk of Stroke (ACSRS) Study Group. Silent embolic infarcts on com-
puted tomography brain scans and risk of ipsilateral hemispheric
events in patients with asymptomatic internal carotid artery steno-
sis. J Vasc Surg 2009;49:902–909.

22. Adraktas DD, Tong E, Furtado AD, Cheng S-C, Wintermark M.
Evolution of CT imaging features of carotid atherosclerotic plaques
in a 1-year prospective cohort study. J Neuroimaging 2014;24:1–6.

23. Wintermark M, Jawadi SS, Rapp JH, Tihan T, Tong E, Glidden DV,
Abedin S, Schaeffer S, Acevedo-Bolton G, Boudignon B, Orwoll B,
Pan X, Saloner D. High-resolution CT imaging of carotid artery ath-
erosclerotic plaques. AJNR Am J Neuroradiol 2008;29:875–882.

24. Cocker MS, Spence JD, Hammond R, deKemp RA, Lum C, Wells G,
Bernick J, Hill A, Nagpal S, Stotts G, Alturkustani M, Adeeko A,
Yerofeyeva Y, Rayner K, Peterson J, Khan AR, Naidas AC, Garrard L,
Yaffe MJ, Leung E, Prato FS, Tardif J-C, Beanlands RSB; Canadian
Atherosclerosis Imaging Network (CAIN) - Project II. [18F]-
Fluorodeoxyglucose PET/CT imaging as a marker of carotid plaque
inflammation: comparison to immunohistology and relationship to
acuity of events. Int J Cardiol 2018;271:378–386.

25. Kelly PJ, Camps-Renom P, Giannotti N, Martı́-Fàbregas J, Murphy S,
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