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EXPERT REVIEW

PERIPHERAL INTERVENTIONS

Carotid artery interventions - endarterectomy versus stenting
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North Macedonia

Abstract

Current management of patients with carotid artery stenosis is based on well-established guidelines, includ-
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— and optimal medical treatment alone. Outcomes in the postprocedural period after CAS and CEA are
similar, suggesting strong clinical durability for both treatments. Recent advances, which include the emer-
gence of novel endovascular treatment tools and techniques, combined with more recent randomised trial
data shed new light on optimal patient selection and treatment in contemporary practice. Improved, modern
technologies including enhanced embolic protection devices and dual-layered micromesh stents yield bet-
ter outcomes and should result in further improvements in CAS. In centres of excellence, nowadays, the
majority of patients with severe carotid artery stenosis can be successfully treated with either CEA or CAS.
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Abbreviations

ASR average surgical risk

CABG  coronary artery bypass grafting
CAS carotid artery stenting

CEA carotid endarterectomy

CTA computed tomography angiography
DAPT  dual antiplatelet therapy

DLMS  dual-layer micromesh stents

DUS duplex ultrasonography

EPD embolic protection device

HSR high surgical risk

IEP integrated embolic protection
MACE  major adverse cardiac events

Mi myocardial infarction

MRA magnetic resonance angiography
MRI magnetic resonance imaging

oMT optimal medical therapy

PCI percutaneous coronary intervention
RCT randomised controlled trial

TCAR transcarotid artery revascularisation
TIA transient ischaemic attack

Introduction

Severely stenosed carotid arteries are predisposed to stroke, and
carotid artery revascularisation, with either carotid artery stenting
(CAS) or carotid endarterectomy (CEA), can restore patency and
reduce the long-term risk of ischaemic stroke. Open carotid endar-
terectomy completely removes the atheromatous material, but
CAS (introduced as an alternative to CEA in 1994) is a less inva-
sive procedure. Carotid endarterectomy 30-day stroke and death
rates have decreased over the last 50 years, and similarly, carotid
artery stenting 30-day stroke and death rates have declined in
a similar magnitude in the last 30 years. Outcomes in the postpro-
cedural period after CAS and CEA are similar, suggesting robust
clinical endurance for both treatments.

Several randomised clinical trials, related meta-analyses, and
expert opinions have reshaped the present guidelines on the diag-
nosis and treatment of carotid artery stenosis'?. Although the indi-
cations for carotid revascularisation are well defined, there is less
consensus on the preferred revascularisation technique (CEA or
CAS). In contemporary clinical practice, many patients are equally
suitable for both treatment options.

Currently, CAS is a standard procedure performed by operators
of different specialities (cardiologists, neuroradiologists, angiolo-
gists, vascular surgeons, and neurosurgeons)'. Regardless of the
medical speciality, the high proficiency of operators and site expe-
rience remain paramount for reducing periprocedural adverse cer-
ebral events’. However, the guidelines still seem to underestimate
the great importance of operator and site experience, as well as the
impact of healthcare providers’ decisions on outcomes'>*.

According to clinical presentation, patients with extracranial
carotid artery stenosis may be asymptomatic or symptomatic.
Patients classified as recently symptomatic include those with
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symptoms in the past 6 months. All patients with carotid steno-
sis should undergo an appropriate, independent neurological eval-
uation followed by duplex ultrasonography (DUS) as a first-line
imaging modality in everyday clinical practice'?. Before any deci-
sion for revascularisation is made, additional aspects, such as
a patient’s surgical risk profile, life expectancy, degree of steno-
sis, and symptomatic neurological status, should be considered.
Further clinical and imaging evaluations may be conducted if jus-
tified'>*. The degree of carotid artery stenosis identifies patients
who would benefit from revascularisation, and the DUS consensus
criteria are used to determine stenosis severity according to cur-
rent guidelines'?.

DUS is frequently combined with additional imaging modalities,
such as computed tomography angiography (CTA) and magnetic
resonance angiography (MRA), for improved accuracy of steno-
sis assessment'. CTA or MRA can simultaneously delineate the
aortic arch, supra-aortic trunks, carotid bifurcation, distal internal
carotid artery (ICA) and intracranial circulation, which is particu-
larly useful if CAS is being considered. Contrast-enhanced MRA
has higher accuracy than non-contrast MRA but necessitates para-
magnetic contrast agents (gadolinium). A combination of 2 imag-
ing modalities (DUS + CTA or DUS + MRA) further improves
accuracy and is routinely practised in many centres. Furthermore,
postprocedural CTA or brain magnetic resonance imaging (MRI)
are usually recommended to characterise the strokes that can occur

as periprocedural complications of carotid revascularisation.

SYMPTOMATIC CAROTID STENOSIS

In patients with severe carotid artery stenosis, CAS and CEA both
carry procedural risks, which are about twice as great for sympto-
matic as for asymptomatic patients. The clinical benefit of revas-
cularisation for stroke risk reduction in patients with symptomatic
carotid artery stenosis >70% is well established'**. The revascu-
larisation of symptomatic lesions with 50-69% stenosis should also
be performed, but, due to the lower absolute stroke risk in these
patients, the treatment value should always be balanced against the
possible procedural risks, taking into consideration the patient’s
clinical presentation, age, and sex'**. Exceptionally, in patients
with recurrent symptoms despite best medical therapy and carotid
stenosis <50% or near occlusion with distal vessel collapse, upon
multidisciplinary team review, revascularisation may also be con-
sidered'*. As recommended in current guidelines, revascularisa-
tion should be performed within 2 weeks of the index event®.

The ongoing uncertainty for prevention of future strokes in
patients with symptomatic carotid stenosis stands in defining the
optimal candidates for either CEA or CAS. The current multiso-
cietal guideline recommendations agree that in symptomatic high
surgical risk (HSR) patients who qualify for carotid revascularisa-
tion, CAS is indicated and preferred over CEA.

Factors in favour of CAS include younger age, specific ana-
tomical features (such as very distal ICA stenosis or contralateral
occlusion), lack of ICA tortuosity, absence of or only minimal
plaque calcification, and local tissue scarring due to previous neck
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radiotherapy or complex surgery. Furthermore, a medical history of
congestive heart failure, myocardial ischaemia, or severe pulmo-
nary disease makes CAS preferable over CEA. Patients receiving
anticoagulation for indications such as atrial fibrillation might also
be more suitable for CAS without increasing access site bleeding
complications (particularly with transradial CAS). However, CAS
is still associated with infrequent periprocedural embolic cerebral
complications, resulting in a slightly higher rate of peri- and early
postprocedural (up to 30 days) minor ipsilateral strokes, compared
to CEA’. Although the frequency of such events has been signifi-
cantly reduced over the past years, cerebral embolisms remain the
main weakness of CAS®.

Certainly, advantages of CEA over CAS may be found in
patients >70 years of age, those with lesion elongation, extreme
calcification, visible thrombus presence, or those with challenging
anatomies (aortic arch type III or arch calcification)®.

ASYMPTOMATIC CAROTID STENOSIS

An asymptomatic carotid artery stenosis (ACS) indicates a steno-
sis which is detected in patients without any clinical history of
ischaemic stroke, transient ischaemic attack (TIA), or other neu-
rological symptoms which might be related to the carotid arteries.
Among asymptomatic patients with severe carotid artery steno-
sis but no recent stroke or TIA, either CAS or CEA can restore
patency and reduce long-term stroke risks.

The procedural risks of CAS and CEA have decreased over the
decades, but there is still about a 1% risk of disabling stroke or
death. There is also some procedural risk of non-disabling stroke
(particularly with CAS) or of non-fatal myocardial infarction or
cranial nerve palsy (particularly with CEA). Optimal medical
therapy (OMT) can likewise reduce stroke rates; however, patients
with severe carotid stenosis still have a 1% annual risk of disa-
bling stroke or death.

In contrast to symptomatic carotid patients, the benefit of revas-
cularisation to prevent future strokes in asymptomatic carotid
artery stenosis patients is still very much debated. Contrary to
the previous belief based on randomised trials comparing medi-
cal therapy to revascularisation®'?, Howard et al demonstrated
a strong and unique relationship between the risk of stroke and
the degree of asymptomatic carotid stenosis'>. Data from a pro-
spective population-based cohort study (OxVasc) screening 2,178
asymptomatic patients with carotid ultrasound between 2002 and
2017 were used, as well as a systematic review and meta-analysis
performed of previously concluded cohort studies on this subject
between 1980 and 2020.

The observed discrepancy in the evidence from the cohort stud-
ies compared with earlier randomised trials could result from
a potential recruitment bias in relation to the severity of steno-
sis, which would undermine any expected risk association in trial
cohorts'®. The authors observed that, in asymptomatic patients,
the risk of stroke or TIA strongly correlated with the degree of
ipsilateral carotid artery stenosis. The 5-year ipsilateral stroke risk
was 18.3% in those with 80-99% stenosis compared with 1.0% in

those with 50-79% stenosis (p<0.0001). Therefore, the degree of
asymptomatic carotid stenosis should be a primary consideration
for patient selection for revascularisation.

Patients on OMT, featuring high-grade asymptomatic carotid
stenosis (>70%), and particularly those with 80-99% artery nar-
rowing, can greatly benefit from carotid revascularisation'®. The
importance of a prudent approach to asymptomatic patients is
reflected in the most recent guideline updates. The German-
Austrian S3 (2020), the European Stroke Organisation (2021)
and the updated European Society for Vascular Surgery (ESVS;
2021) guidelines recommend the revascularisation of patients with
asymptomatic high-grade stenoses, provided a meticulous pre-
interventional assessment is done.*!'*!5. The guidelines also recom-
mend close monitoring of periprocedural stroke/death rate records
to ensure that decision-making and clinical care are optimised and
complications are kept to a minimum?®.

Recent randomised clinical evidence reflecting real-world
practice (the CREST, ACT-1, SPACE-2 and ACST-2 trials) dem-
onstrates that CAS and CEA are both safe and effective in well-
selected average surgical risk (ASR) asymptomatic patients'®".
All randomised controlled trials (RCT) have shown comparable
outcomes for CAS and CEA for periprocedural complications
(death, stroke, and myocardial infarction [MI]) as well as rates of
ipsilateral stroke during follow-up.

The largest and most recently published trial, the ACST-2 trial,
randomised 3,625 patients and compared contemporary CAS ver-
sus CEA in asymptomatic patients with carotid artery stenosis.".
The main finding from the ACST-2 trial is that the effects of CAS
versus CEA on disabling or fatal events are approximately equal
in terms of procedural hazards (1.0% vs 0.9%; p=0.77). However,
there was a slight excess of early non-disabling strokes after
CAS and a slight excess of myocardial infarction after CEA. At
5 years, the risk of non-procedural fatal or disabling stroke was
equivalent (2.5% vs 2.5%) and there was no significant difference
for the incidence of any stroke (5.2% vs 4.5%) comparing CAS
with CEA. The results were consistent across patient subgroups
stratified by type of stroke, gender, age, and carotid artery dia-
meter stenosis. The trial is scheduled to collect 10-year data which
will provide additional evidence on the durability of their protec-
tive effects. Unfortunately, the ACST-2 study did not include an
OMT arm, so the analysis of early procedural risk versus long-
term benefit was not possible.

Furthermore, the investigators used the ACST-2 trial data to
update a meta-analysis of long-term outcomes of RCTs com-
paring CAS versus CEA in patients with asymptomatic (ACST-
2, CREST, SPACE-2, ACT-1) and symptomatic (ICSS, CREST,
SPACE, EVA-3S) carotid artery stenosis. The meta-analysis con-
firmed that the protective effects of CAS and CEA are similar
after the initial 30-day postprocedural period.

One of the most important current questions regarding carotid
revascularisation, whether OMT alone is as good as carotid revas-
cularisation with OMT, still remains to be answered. The reports
of a very low (~1%) annual stroke rate in asymptomatic carotid



stenosis patients®® has led to 2 ongoing trials (the CREST-2 and
ECST-2 trials) investigating the potential benefit of revascularisa-
tion compared to modern OMT alone?'-*2.

In conclusion, properly selected asymptomatic patients can
greatly benefit from carotid artery revascularisation, and CAS is
a safe and efficient revascularisation alternative to CEA in sub-
jects at high risk for stroke on best available medical therapy.

OPTIMAL MEDICAL THERAPY

In patients with carotid artery disease, adequate concomitant med-
ication is of paramount importance. OMT including antiplatelet
agents, statins, blood pressure and diabetes control, smoking ces-
sation, and a healthy lifestyle are critical components of any revas-
cularisation strategy for stroke prevention.

Since atherosclerosis is a generalised condition, patients with
carotid artery stenosis would benefit from optimal medical ther-
apy, including antiplatelet and lipid-lowering drugs, irrespective
of the revascularisation method'~.

After CAS, dual antiplatelet therapy (DAPT) with aspirin and
clopidogrel is recommended for at least 3 weeks to 3 months
after the procedure, followed by lifelong antiplatelet monotherapy
thereafter'”¢. There are limited data on the value of novel P2Y,
inhibitors (ticagrelor, prasugrel) after CAS. Some benefits from
prolonged DAPT treatment, up to 12 months, may be expected
in selected low bleeding risk CAS patients after recent myocar-
dial infarction, as part of the secondary cardiovascular preventive
strategy®. The type and duration of antithrombotic treatment dur-
ing and after CAS should be patient-tailored, always balancing the
risk of cerebral ischaemic events against the bleeding risks, espe-
cially in patients on oral anticoagulation therapy'. More dedicated
clinical trials are needed to eclucidate the optimal duration and
type of antithrombotic regimen during and post-CAS to standard-
ise current practice. Patients with severe carotid stenosis may fur-
ther benefit from more aggressive preventive treatments and more
frequent follow-up.

Arterial hypertension remains the most important, modifiable
stroke risk factor and blood pressure control is among the most
effective strategies for preventing both ischaemic and haemor-
rhagic stroke. Hypertension as a primary risk factor for stroke is
also a risk factor for atrial fibrillation and MI, which both increase
the likelihood of stroke. Statins, with ezetimibe as needed, should
target low-density lipoprotein cholesterol (LDL-C) <70 mg/dL
(<1.8 mmol/L) if not achieved with intensive statin therapy alone.
Glycaemic control should target a glycosylated haemoglobin <7%
if feasible.

NOVEL CAS TOOLS AND TECHNIQUES

CAS practices have evolved with better patient selection, fur-
ther refinement of technique, and advanced technology to
avoid periprocedural complications. Recently, several technical
improvements and new tools have been introduced into CAS prac-
tice to further improve the treatment outcomes by providing bet-
ter cerebral protection and optimal plaque scaffolding. However,
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anatomical difficulties, including aortic arch complexity, severe
calcification and target vessel tortuosity, need to be considered
before endovascular carotid artery revascularisation®. Selecting
optimal treatment tools and approaches for a smooth and unevent-
ful device delivery is of paramount importance for overall treat-
ment success and favourable mid- to long-term outcomes.

EMBOLIC PROTECTION DEVICES

Primary stenting with self-expanding stents using embolic cere-
bral protection is a default strategy of endovascular carotid ste-
nosis treatment'. According to the latest recommendations for
patients undergoing CAS, decisions regarding the choice of cer-
ebral protection (filter, proximal flow reversal) should be at the
discretion of the operator!. Of note, technical performance based
on embolic protection device (EPD) dwell time has been shown
to be a significant predictor for 30-day outcome (death, stroke,
MI)®. The selection of EPD should be based on operator experi-
ence, lesion characteristics, anatomical factors and current avail-
ability of devices. Using different types of embolic protection
devices in a more appropriate and individually tailored way may
further improve CAS outcomes.

The embolic risk during CAS is highest during the post-dilation
after stent deployment®%.

The majority of embolic particles are under 100 pm in size
and may reach the cerebral circulation, despite the use of conven-
tional distal filters, due to malapposition or through the filter pores
(larger than 100 pum in most filters) and may contribute to the
higher risk of procedural minor stroke seen with CAS?. Recently,
double filtration during CAS using a novel post-dilation balloon
with an integrated embolic protection (IEP) filter with 40 pm
pores showed a low 30-day death, stroke, or MI rate of 1%?.

Another innovative approach in CAS is illustrated by the
Neuroguard IEP (Contego Medical, Inc.), a 3-in-1 system com-
prising a carotid stent (with a closed-cell design), a post-dilation
balloon and an IEP 40 pm filter, designed to reduce the number of
CAS steps while maintaining macro- and microembolic cerebral
protection?’. Results from the preliminary study demonstrated that
the Neuroguard IEP system is safe and feasible for CAS of clini-
cally significant carotid artery stenosis with a stroke/death rate of
0% at 30 days?’. A large pivotal study is currently underway.

TRANSRADIAL CAS

The transradial approach (TRA) has become the standard of care
for cardiac catheterisation and coronary interventions. Its benefits
are also well documented in peripheral interventions, including
CAS, leading to a reduced risk of bleeding and access site compli-
cations, early ambulation and discharge and, ultimately, cost sav-
ing?.

The technical failure of CAS through the femoral approach in
most of the cases is due to a complex aortic arch. Features that
increase the risk of complications during CAS procedures are
some type 2 & 3 arches, bovine arch and plongeant innominate
arteries?.
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TRA has been a subject of interest in CAS as part of the strategy
to tackle some anatomical variants of the aortic arch and supra-
aortic vessels more safely. This alternative approach may reduce
the time for catheter manipulation in the aortic arch and supra-
aortic vessels, thus directly limiting the CAS-associated stroke
risk?. Devices featuring low crossing-profile delivery systems
are facilitating the TRA and yielding excellent results?®. However,
large-bore devices can be used only selectively in patients with
larger-size radial arteries. Furthermore, TRA CAS can be per-
formed safely while the patient is taking anticoagulants plus
antiplatelet therapy during the periprocedural period, without
increasing access site bleeding complications.

While the adoption of transradial access has been increas-
ing in CAS in recent years, more training initiatives and sharing
of best practices are needed to bring its full potential to every-
day clinical practice. Notably, the growing importance of alter-
native approaches (i.e., transradial and transcervical access) in
modern CAS practice has recently been recognised in the latest
ESVS guidelines update, with a recommendation that the 2 meth-
ods should be considered for cases in which the transfemoral (TF)

route may confer a higher risk of complications'.

TRANSCAROTID ARTERY REVASCULARISATION

Transcarotid artery revascularisation (TCAR) combines carotid
artery stent placement with cerebral protection by clamping the
proximal common carotid artery and reversing cerebral arterial
flow. The major advantage of TCAR compared with TF CAS
is avoiding catheter manipulation in the aortic arch with direct
carotid artery access. Some relative contraindications include
proximal lesions that are <5 cm cranial to the clavicle, severe tar-
get vessel tortuosity, a small or significantly diseased common
carotid artery (CCA) or depth of the CCA, which makes access
difficult. There are no randomised trials directly comparing TCAR
with any other method of carotid revascularisation.

Two recent systematic reviews and meta-analyses reported on
4,852 patients from 10 prospective registries and 8 retrospec-
tive studies®®, and the second also included 2,110 patients in
18 reports of outcomes with TCAR?'. Both reviews highlight low
rates of periprocedural complications with TCAR; in symptomatic
patients, the periprocedural risk of stroke or TIA was 2.5% com-
pared with 1.2% in asymptomatic patients. Further comparative
studies are warranted to overcome the potential for selection bias
and ascertainment bias in these reports.

CONVENTIONAL CAROTID STENT DESIGN

Regarding the different conventional stent types, devices with
open- and closed-cell designs are currently available. It has been
shown that, during CAS, the new ipsilateral changes in diffusion-
weighted brain MRI are reduced with the use of closed-cell versus
open-cell stents (51% vs 31%; p<0.01)*2. Consistently, the more
recent meta-analysis confirmed that open-cell stents are associated
with a 25% higher risk (p=0.03) of developing postprocedural
new ischaemic lesions than closed-cell stents®*. No difference,

however, in the short- and intermediate-term risk of stroke or
death was observed in patients during CAS with either open-cell
or closed-cell stents.

Simplified categorisation into open-cell and closed-cell stent
design might conceal true differences, since both stent types may
feature different free cell areas and strut connections. The risk for
postprocedural adverse cerebral events has been related to the size
of the carotid stent free cell area, indicating a significant impact
of carotid stent design on CAS outcome. Consistently, open-cell
stents with a free cell area >7.5 mm? have been associated with an
increased 30-day stroke risk3*.

Importantly, based on the CREST trial, around 40% of strokes in
the CAS treatment arm occurred 24 hours post-procedure (median
3.5 days)®. Significant incidence of serious cerebral ischaemic
complications after removing embolic protection further highlights
the importance of good plaque coverage for optimal CAS results.

DUAL-LAYER MICROMESH STENTS

Dual-layer micromesh stents (DLMS) are the next generation of
carotid stents with an additional built-in protective micromesh
which were specifically designed to provide sustained embolic
protection after the stent implantation period. The feasibility and
good clinical performance of DLMS have been confirmed in sev-
eral CAS clinical studies®®. Currently, there are two DLMS
available, Roadsaver (Terumo) and CGuard (InspireMD).

The CLEAR-ROAD study of the Roadsaver carotid stent
reported a 2.1% rate of major adverse events at 30 days in
100 treated patients, with only 1 patient suffering a minor ipsi-
lateral stroke due to atrial fibrillation with inadequate anticoagu-
lation®. An Italian multicentre registry reported excellent clinical
performance with no cerebrovascular events within 30 days after
CAS using the Roadsaver DLMS in 150 patients*. Another mul-
ticentre Italian study including 200 patients implanted with the
CGuard carotid stent resulted in 2 TIAs, 5 periprocedural minor
strokes (2.5%), including 1 thrombosis — solved by surgery — up
to 30 days post-procedure*!.

Of note, results of studies reporting mid- to long-term outcomes
(up to 6 years) of different DLMS support the efficacy and dura-
bility of this novel device class by showing relatively low ipsilat-
eral stroke, in-stent restenosis, and target lesion revascularisation
rates?4>4 Importantly, the latest German-Austrian S3 (2020)
recommendations for management of carotid stenosis revasculari-
sation updated the acceptable periprocedural (in-hospital) death/
stroke incidence (as monitored by expert neurologists) to <2% for
asymptomatic and <4% in symptomatic patients*. This is stricter
than the most recent ESVS guideline update, which recommends
30-day death/stroke incidence thresholds of <3% and <6% for the
two patient populations, respectively'.

In this regard, it is important that an individual patient-level
meta-analysis of 4 DLMS studies, including 556 asymptomatic or
symptomatic patients treated either with the Roadsaver or CGuard
carotid stents, showed very favourable 30-day safety results, with
periprocedural stroke noted in 1.07% (0 major strokes), 30-day



stroke in 1.25%, and death in 0.17% of patients®. Furthermore, no
independent predictors of peri- or postprocedural adverse events,
including symptomatic status, were identified. The investigators
concluded that the low rate of adverse events, independent of
clinical, anatomical and procedural characteristics, suggests that
DLMS as a device class are safe for usage in guideline-based CAS
and that they may have a possible clinical benefit over the conven-
tional single-layer stents®.

Comparably, a meta-analysis of 10 studies (combining the data
on 635 asymptomatic or symptomatic patients) confirmed a low
30-day stroke and death rate of 2% (p<0.0001) with DLMS, with-
out a major difference in the clinical performance of the 2 types of
DLMS (CGuard vs Roadsaver)*. Recently, other real-world studies
have also confirmed the excellent safety and performance of DLMS
during CAS in non-selected patient populations?43483152 Finally, the
ROADSAVER study, the largest real-world DLMS study to date,
with close to 2,000 elective patients enrolled, further complements
the available clinical evidence on DLMS use in current CAS*.

In this all-comers patient cohort, reflecting pan-European con-
temporary CAS practice, the Roadsaver DLMS results in 30-day
death/stroke rates well below the strictest German-Austrian S3
recommendations®, 1.6% versus 2.0% in asymptomatic and 2.8%
versus 4.0% in symptomatic patients (data not published).

While the current guidelines do not explicitly support the use
of a particular stent type, stent designs providing better plaque
coverage, including closed-cell stents and particularly DLMS,
may actually limit plaque protrusion through the stent struts, thus
lowering the incidence of cerebral embolisation during and after

device implantation'.

FUTURE PERSPECTIVES

A quality assurance program adopting competency in practice-
based training and improvement, credentialing, and monitoring of
procedural technique and outcomes can ensure high-quality CAS
or CEA.

Table 1. Revascularisation risks and benefits of CAS and CEA.

CAS preferred
Clinical history

e Congestive heart failure
(NYHA Functional Class I11/1V)

e | eft ventricular ejection
fraction <30%

e Surgically inaccessible lesions:
above C2 or below the clavicle

® Previous ipsilateral neck
irradiation or complex neck

Endarterectomy vs stenting

A multidisciplinary team review (neurologists or stroke physi-
cians, vascular surgeons and interventional cardiologists or radiol-
ogists) is recommended to reach consensus decisions regarding the
indications and treatment of patients with carotid stenosis regard-
ing CEA, CAS or OMT alone. Shared decision-making, including
patient preferences after thoughtful informed consent, is vital in
selecting the more appropriate procedure for individual patients.
A thorough pre-revascularisation multidisciplinary assessment,
using multimodality imaging, with particular emphasis on the
degree of stenosis as one of the main factors determining the ben-
efits of revascularisation, may be the most appropriate approach
in eligible patients.

Based on current expertise, and considering recently published
data, contemporary CAS and CEA can be considered as comple-
mentary methods for treating asymptomatic patients with 70-99%
stenosis and symptomatic patients with 50-99% artery stenosis.
Considering anatomical and medical factors, it is particularly
important to identify patients who would benefit mostly from one
approach or the other (Table 1).

A recent analysis suggested that high operator volume was
associated with a lower risk of death or stroke following CAS™.
Consequently, the importance of the centre’s and operator’s expe-
rience, particularly the annual operator volume (a better predictor
of 30-day death or stroke rate after CAS than lifetime operator
volume), in performing CAS should always be emphasised®*.
Among appropriately trained, high-volume operators, satisfactory
short- and long-term CAS outcomes can be achieved regardless of
their specialisation™. Continuous training of operators while main-
taining a high procedural volume at both the centre and operator
level are crucial for successful carotid revascularisation practice.
In addition, quality assurance programs and continuous monitor-
ing of complications are required to maintain high-quality man-
agement. Decisively, a collaboration between interventionalists,
surgeons, and neurologists is essential to ensure proper patient
selection and choose the optimal treatment approach.

CEA preferred
Anatomical factors

e Elderly (>75y) e Extreme access challenges

(<30 days) ® Restenosis after CEA or CAS

e CAD with left main or
multivessel CAD

® Planned open heart surgery

(<30 days)

surgery
e Unstable angina o Contralateral carotid artery ¢ Bleeding disorder, e Complex and high-grade aortic
® Recent myocardial infarction occlusion contraindication for DAPT arch atheroma

e Circumferential target lesion
calcification
e Fresh thrombotic lesion

e Advanced COPD e Spinal neck immobility

e Extreme ICA tortuosity

e Contralateral laryngeal palsy e Tracheostoma

e Aneurismatic ICA morphology

C2: second cervical spine vertebral body; CAD: coronary artery disease; CAS: carotid artery stenting; CEA: carotid endarterectomy; COPD: chronic
obstructive pulmonary disease; DAPT: dual antiplatelet therapy; ICA: internal carotid artery; NYHA: New York Heart Association
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Conclusions

The recent trials of CAS versus CEA have provided better evi-
dence that both procedures carry similar risks and provide compa-
rable long-term benefits. Comparisons between the two modalities
often represent a false choice because the two therapies are bet-
ter viewed as complementary approaches rather than competitive
procedures. In centres of excellence, nowadays, the majority of
patients with severe carotid artery stenosis can be successfully
treated with either CEA or CAS. A multidisciplinary assessment
with a careful patient and lesion analysis based on inclusion and
exclusion criteria for both treatment options in high-volume cen-
tres of excellence in both strategies, are essential for selecting an
optimal treatment approach. Finally, the evaluation should be done
individually, tailoring the procedure to a specific patient in order

to achieve the best risk-to-benefit balance.
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