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Abstract

Both caretid-endarterectomy (CEA) and carotid artery stenting (CAS) are common treatments
for carotidarterystenosisSeverakandomised controlled trials (RCTs) have compared CEA
to CASin thetreament ofcarotid arterystenosisThese studies have suggesteat CAS is

more stronglyassociated with periprocedural strpkewever CEA is more strongly

associated with. myocardial infarctiorulished longtermoutcomes repothat CAS and

CEA are similar/A reduction in complications associated with CAS has ladsm

demonstrated over tim&he symptomatic status tife patient anchistory ofprevious CEA

or cervical radiotherapgresignificantfactorswhen decidindpetweenCEA or CAS.

Numerous arotid artery stentare availablgvarying in material, shape and desibgrtwith
minimal evidence comparirggent typesTherole of cerebraprotection devices unclear.

Dual antiplatelet therapy is typically prescribed to preveistémt thrombosidyowever

evidence cemparingeriprocedural and postprocedusatiplateletherapy isscarce

resulting inincensistent guideline§everalRCTs are underwatpat will aim to clarify some

of these uncertaintiel this review, wesummarisehe developmenof varying techniques

of CASand studites comparing CAS to CEA as treatment options for carotid artery stenosis.

Key Words: carotid artery atherosclerosis, carotid artery stenosis, carotid artery stenting,

carotid endarterectomy, stroke, stroke preventio
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Approximately 6.5 million strokes occur per yé@troke is the secodeading cause of
death and is the leading cause of premature mortality and morbidity for both men and
women'? Atherosclerotic caradiarterystenosis is responsible fo20% of strokes, typically

occurring athe bifurcation of the internal and external carotid artérfésnfortunately,
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carotid atherosclerosis is often asymptomatic urdisablingor fatal stroke occurs. Patients
with vascular disease and risk factors such as disbeghitus, hypertension,

hyperlipidaemia and smoking are at significantly higher risk of develagairgid artery
atherosclerosis\ot all patients with carotid atherosclerosis are at increased risk of stroke,

howevera strong association betwsemerityof stenosis andtrokerisk exists?

Clinically important stenosis (the point at which the stnogleis increased) varies between
guidelinesgbut is generaltyefined as stenosib0% or >60%The prevalence of clinically
significant carotid artery stenosis+6-1% in the general population and ~1% in pers@ts
yearsof age’ The prevalence afevere asymptomatic carotid artery stenosis (>70%) is as
high as 3.198Carotid artery stenosis can leated medically or surgicaltp prevent stroke
or strokerelated deathTreatment of carotid stenosis redsistrokerisk and strokerelated
morbidity and mortality’ Carotid endarterectomCEA) and carotid artery stentif{GAS)

are commonly used to treat carotid stendSEA was first described by DeBakey in 1975
who reporteduccessful use d@his procedure in the 19503EA has becomeonventional

treatment for.cafotidrtery stenosié

In this review, the history, techniques and trial data concerning the emergeneelatidre
of CAS as an.alternative to CEA, are comprehengiegamined.

Emer gence of endovascular management of carotid artery stenosis

Endovascular treatment as an alternative to CEA emerged following trials deatingghe
benefit of angioplasty and stenting in patients with coronary artery dissase.its first
reported use for an intimal flap in 1989, a number of randomised controlled trials)(RCTs
have deménstratatielong term safety and efficacf CAS for carotid stenosi$?* Cost
effectivenessandits use insurgically inaccessible lesionsade CAS an attractive prospétt
Since its ineeption, the technological aspects of endovascegamient for carotid artery
stenosis _have evolved significanthgwever this has come at the expensésdinancial
benefit?® Figure.2 outlines a case of higarvical internal carotid artery (ICA) stenosis

successfully treated with CAS

Complications such gdaque dislodgement, intimal dissection, elastic vessel recoil and late

restenosisre thought to be more likely with angioplasty compared to €A%hough no
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trials have evaluated stenting versus angioplasty alomeary stenting is accepted the
endovascular techniquwé choice for carotid stenosis and has generally replaakadon

angioplasty.

CASvs CEA'inCarotid Artery Stenosis
Since theemerg@ce of endovasculapproacheghe preferred management of carotid artery

stenosis has been widely debatdarge number of RCTs have attempted to evalwdieh
treatmat isisuperior Results of thesstudiesshowthat periprocedural stroke nsore
commonwith CAS (particularly in symptomatic patientahile myocardial infarction (Ml) is
more common with CEA. The heterogenous definitions of the MI endpoint in these studies
has been a'point of contention amongst the stroke commuiiitically silentischaemic
lesionsarealsomore commonly associatedth CAS despitebeing of uncertairlinical
significance’”*® Neverthelesssimilar longtermoutcomeswith CAS and CEAhave been
reported in most RCTs armppeas to be astatistically soundbservatiorf’

The WALLSTENT trial in 2001 was the first RCT to comp@®&S with CEA, however this
wasprematurelyterminated due to high complication raieshe stenting aroi® Though

small, te first RCT to demonstrate thaAS produced outcomes comparable to Ckas
publishéd'that'same yeHrSince then, largerials have demonstrated the safety and efficacy
of CAS compared t€CEA (Table 1)

Randomised Controlled TrialMixed Cohorts
The CAVATAS study (n=504yvas the firsiulticentre RCTto suggest that endovascular

management of carotid stenosis may be inéerior to CEA however wide confidence
intervals make interpretation of some data diffiCtit Similar periprocedural and lortgrm
stroke,deathand restenosis ratbgtween groups were reported, howevgnificantly more
postoperative. cranial nerve injuries (CNIs) and major groin/neck haematomas owdtirred
CEA. Patientsiiny the endascular arm who received a stent (n=50) had significantly lower

risk of restenesis comparedttise undergoingalloon angioplasty alone (n=145).

The CREST"trial is the largest international RCT comparing CEA to @A3502)in a
cohort of bothsymptomatic and asymptomatic patieffts’ Periprocedurally, the
stroke/deatiMI rate did not diffessignificantly between groups although individual rates of

periprocedural stroke, death and MI differ. For example,ignificantly more
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periprocedural strokes occurred with CAS there werdewer periprocedural MISCNIs

were more common with CEA.

Tenyear follow up data reported no significant difference in the stroke/deathidd| ra
betweenthgroups. Similar londermresults were seen with respect to postprocedural
ipsilateral strokgalthough periprocedural stroke/death and subsequent ipalilstieke

numbers favoured CEA. This is attributable to periprocedural differencesigNificant
differencewas seen between the two treatment groups with respect to restenosis or need for

revascularization

The SAPPHIRE trial (n=334) is the only largrilticentre RCT comparing CAS to CEA in
‘high-risk’ patients (defined as clinically significant cardiac disease, severe pulmonary
disease, contralateral carotid occlusion or laryngeale palsy, previous radical neck
surgery or cervical radiotherapygcrerent stenosis after CEA and age >86f.0ver 70% of
participants had asymptomatic stenokiiseported norinferiority of CAS with respect to
periprocedural.death/stroke/MI or postprocedural death/ipsilateral stroke, however these
incidences were notably high. No significant differences in periprocedieasth/stroke/MI or
death/ipsilateral sti@® between 31 days and 3 years and lengt restenosis was seen
between groupsNhether patients who are ‘high risk’ according to SAPPHIRE criteria have
poorer outcomes with CEA has been dispifatthether some of these patients required

surgical or endovascular therapy hlsodeen questioned.

Prospective Nommandomised Reqistries: Mixed Cohorts

The CaRESS study was a multicentre, prospective, nonrandomized trial (n=397) that
supported the results of CREST and CAVATAS! There were no significant differences in
death/stroke ratés at 30 days, 1 year or 4 years between CEA and CAS groups. When
analysed individually, rates of stroke and death at 4 years were similar. N@argnif
differencesinrates of death/Ml/ndatal stroke at 30 days, 1 year or 4 years was reported. In
comparisonto CREST, restenosis was more common with CAS, however revadadarisa

rates were similar between groups (p=0.263).

Randomised Controlled TrialSymptomaticCarotid Artery Stenosis

Trials targeting symptomatic patients generally favour CEA over EASSSis the largest

RCT comparing CAS with CEA in patients with symptomatic carotid artery stenosis

This article is protected by copyright. All rights reserved



(n=1713)***2The incidence of stroke/death/MI within 120 days of treatment was higher with
CAS, as were fyear stroke rates. Most strokes in this time period weredisabling as 5

year rates of fatal/disabling strokes wereilsimThe combined outcome of proceduetated
stroke/death or ipsilateral stroke during folloyy was also more frequent with CAS. Again,
significantly"more CNIs and haematomas occurred with CEA. iteng rates of restenosis

or occlusion did not differ between groups.

More unfayourable results were seen in the E3®\study, a multicentre nanferiority RCT
with a median follow up of 7.1 years (n=527Y° Exceptionally high rates ofepiprocedural
stroke/deathvith/CAS ledto the trial being stopped prematuréeliis also meant a statistical
power of 80% was not achieved, making results difficult to interpret. Althoygabrates

of periprocedural stroke/death and rmmecedural ipsilateral strokeeresignificantly higher
with CAS, 10-yearresults were not sigficantly different High rates of periprocedural
stroke/deathvith CAS accounted for this, with similar postprocedural stroke numbers

between groups. No significant difference was seen in restenosis rates.

Similar results, arose from the SPACE study, another large multicentre international RCT
(n=1200)*5*"N6trinferiority of CAS was not demonstrated with respect to periprocedural
death/ipsilateral'ischaemic stroke. Rates of ipsilatechlemic stroke at 2 years and
periprocedural stroke/death were similar between groups. Recurrent stenosis was more
frequent with CAS. Subgroup analysis of the CREST trial revealed no difference in
periprocedural stroke/death/MI rates or ldegm postpocedural ipsilateral stroke rates
based on Symptomatic stafiis?

Randomised Controlled Trialfsymptomatic Carotid Artery Stenosis

A lack of evidence makes the utility of CAS in asymptomatic patients uncértan.
Asymptomatic Carotid Trial (ACL) is the only multicentre RCT comparing CEAJaCAS

in asymptoematic' patien(®=1453)>> CAS was reported as nenferior to CEA with respect

to combined=periprocedural death/stroke/MI or ipsilateral stroke within 1§86 vs 3.4%
respectively)ySome consider thesatessomewhat high for what is thought to be a lask
cohort, although thessrethe lowest reported complication rates to dBteh periprocedural
stroke and death rates and postprocedure stroke rates up to 5 years were similar between
groups, as were cumulative 5-year rates of stfmesurvival.Thiswas also a sponsored
study. As mentioned, no differencegariprocedural stroke/death/Vitesor longterm

postprocedural ipsilateral strokatesbased on symptomatic stainshe CREST triat***
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Interim resultdrom the ongoingACST-2 trial report a 1% rate of periprocedural disabling

stroke, fatal Ml and deaih all included participant®>

RCTsperformed in the 1990s showed that prophylactic CEA plus medical therapy provided
better outcomes than medical therapy aftrgeveral medications that are now considered
best medical therapy (BMT), such as statwmste notavailable or in widespread use at the
time of these trials'and hence these resaégno longer be applicable. Annusttokerates

in asymptematic carotid artery stenosis have been reported as low as <I¥%ouetm

BMT .3 BMT is,.now considered the gold standard for asymptomatic carotid artery stenosis
some guidelines. There is likely bea small subset of patients with asymptomatic stenosis
who areat high riskof stroke that wouldbenefit from revascularisation, howevke criteria

to identify these patientsave not been clearly established

ComplicationsAssociated witltCAS andCEA

Periprocedural strokis more likely withCAS, howevetthis difference has reduced with time

(Figure 1a). In factCREST reported the fewgseriprocedural complications compared to
other RCTs. Overall, this trend may reflect the increasing skill of proceduralists, the need for
credentialing and emerging en@d®culartechniques and technologies. Thus, results from
earlier RCTs may be less applicalbAelditionally, periprocedural strokeftercarotid
revascularisation is not always secondary to thromboembolismofeambccurs due to
haemodynamic disturband&MI is morecommonwith CEA, likely due to the

periprocedural anaesthetic rigls areCNIs and haematomas (althougtanyCNIs arenon-
permanent)Periproceduratieath rates are simil@&etweerproceduresndperiprocedural
stroke/death. ratéa favourof CEA arelikely due to differences in stroke numbers (Figure 1b
and 1d) MFrates'haveemainedsimilar most likely reflectingactors other thaproceduralist
skill or experiencéFigure 1c) The high rate of periprocedural Ml during the SAPPHIRE
trial is likelydue to patients being high risk.

Systematic Reviews

Several gstematic reviews have strengthened the data surrounding CAS. A 2017 review of
6,526 patients from RCTsand a mean follow up of 5.3 years demonstrated a higher risk of

periprocedural stroke plus nqeriprocedural ipsilateral stroke wi@AS (OR 1.50; 95% CI
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1.22-1.84), primarily due timcreasedninor strokeratesin the periprocedural pericdCAS
was associated withlawer risk of periprocedural MAndCNIs. No difference in
periprocedural death/stroké/ or nonperiprocedural ipsilateral strekvas found and the

composite outcome of periprocedural death, stroke, MINirfavouredCAS.

A 2012 Caochrane review of%72 patients from 16 trialeported similar rateof death or
majordisabling stroke between treatmeatsl foundhat endovascular treatment was
associated witBignificantlylower risks ofMI, CNI andhaematoma$Rates of
periproceduratleathstroke or ipsilateral stroke during follemp significantly favoured
endarteretmmy, however post-procedurgsilateral strokeates were comparable

Restenosis'was more commwith endovascular therapy (OR 2.41; p=0.007).

Following reports that CEA may be advantageous in older patients, Howard et ale@xplor
the association of age with treatment differences in a-arelysis of symptomatic

participants fronfour RCTs*° The periprocedural hazard ratio for stroke or death in the CAS
group was_hoted to increase with aggnificantly, with no evidence of increased risk by age
group with-CEALCompared to CEA, the HR for stroke or death in CAS was reported to be
1.61 in patients aged 65-69 and 2.09 for patients ag&d .70his difference was almost
entirely attributable to increased periprocedural stroke risk in the CAS group.

Stents

Factors that influence the choice of stent include device availability, clinical triakbr p
marketing registry participation, stent cell structure, stent shape and speiitic
protection deviceEPD) characteristicsSelf-expanding stents have largely replaced the
original balloon exparablestents of earlier trialdModern stents can hassified as
open/closéd.cell; bare metal covered and tapered/ntapered The type of stent used

depends ontherindication and lesion characteristics.

Opencell stefthavea free cell area of5mnt and adapt well to the contour of the vessel
making delivery. easidyut physicallycover lesof the target lesigrpotentially posing
higher risk of embo$iationas atherosclerotic materiaay prolapse through the stesttuts
Closedcell stens may kinkthe vesseif placed inappropriately. No published high quality
RCTs compare opecell to closeecell stents and availab&ridence is conflictingPublished

studies have shown a variety of res{itt&> Conflicting results regardingrocedural
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microemboliand restenosis rates have also been rep8rt&Hybrid’ stentsthat combine
characteristics abpeneell and closeetell stents have been desigmeltich possess a gradual

change from openell to closeecell design or have an abrupt point of change (shouldered).

Baremetal stent¢BMSs) are a metal scaffolthatmaintan patency of the vessé8MSs

covered with compounds such as polytetrafluroethylene or polyeth@erghthalatevhich

aim toprevent smooth muscle cell proliferation (and thus restenosisjcsmugalstrut
openingsare called covered stenfghe only RCT comparing BMSs against covered stents in
carotid artery stenosis demonstrated a lower risk of periprocedural and pahipabce
microembaolismwith covered stentseoweverthis trial was stopped early due to extremely

high resten®sis ‘tates within the covered stent group and only ticigzants were recruite®f

Tapered stents, characterized by a larger diameter proximally and narrow diameter distally,
are designed to mimic the progressive narrowing of@#e Evidence on tapered versus
non+apered stents is poor, with only omeblished retrospective studythe literatureé”® This
revealed no.difference in the 8@y stroke rates between tapered andtapered groups,
however restenosis at follow up was more common withtapared stents (2.6% vs 0%
p=0.03).

StentModels

Several carotid artery steritave been approved by the FIPPable 2) The first self

expanding stent was the Carotid Wallstent (Boston Scientific, Mountain ViaywJE).

With the exception of the Carotid Wallstent, which is made from elgiloy, the magbsef-
expanding carotid &ry stents are made of nitinol. When exposed to the temperature of the
human body, the thermal properties of nitinol stents allow them to achieve a predefined
shape, whereas/the expansion of the Carotid Wallstent relies on aldq@riagtion as its

delivery sheathiis withdrawn.

The Acculinkfitinol stent was the first to be approved following &RCHeRtrial.>°
Following appreval of the Guidant Acculink stent and AccUugieD, the CAPTURE study
commenced® This prospective, multicentre registry 8f500patients assessedtcomes of
CAS using these devicestime same patients the noninvestigational séing. Following
CREST, the FDA approved the use of the Acculink stent with the Ac&Rietn standard-

risk patients with either symptomatic or asymptomatic carotid artery sténosis
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Analysisof 12,135 caratl artery stent procedures in a lalgmericanregistry indicated that
stents were typically used with their respective EPD systems (78 2% most commonly
used devicewerethe AcculinkAccunet, XadtEmboshield (Abbottand the
PreciséAngioguard(Cordis, Milpitas, CAUSA) stestDevices seldom used were the
Protégé/Spiderkx (Medtronic, PlymouMN) (3.7%) and Carotitlvallstent/Filterwire
(Boston Scientific, NatickMA) (1.8%).Nonsignificant differencewere seenvith respecto

rates ofin-hospital stroke and death between the three oozsmonly $sed devices.

Techniques
Embolic Protection

Embolic complications oéndovascular theraphave prompted the developmeftEPDs
Manipulation of sheaths and catheters in an atheromatous arch, wiring and delivery of
devices across the lesion, balloon expanstantdeploymentind EPDremovalmay all lead

to embolisation. Cerebral protection was first described in 1987 by Thembrusing
temporary distal’balloon occlusion (TDB&)n 1990, a triple caxial catheter was
developed’.NumerousEPDs have been designeding filters and guidewirattached
balloonsDistal filter embolic protection devicésEPDs)and proximal embolic protection
devices(p-EPDs)are the two most commonly usE®Ds>> EPDs were used in most RCTs
comparing CAS to CEA, however frequency of use and type of device varied considerably.
Complications associated wiPDs include vasospasm and arterial dissectidfigure 3
demonstrates deployment of an f-EPD during CAS for a young patient with carotidsstenos

secondary to fiboromuscular dysplasia.

Embolic Protection vs No Protection

It is not clear.whether cerebral protection is beneficial, wiitlgle centr&RCTsusing popular
devicessuggestinghatEPDs provide no benefi®*°The SPACE triatirew similar
conclusiongXin‘comparison, a multicentre prospective registry of 1483 patients reported that
patients treated with EPDs had lower rates of ipsilateral stroke (1.7% vspt0%07) and
non{atal stokes/deaths (2.1% vs 4.9%; p=0.004An even larger registry of 11,243

patients supprted this argument, reporting fewer periprocedural strokes and deaths with EPD
use (2.23% vs 5.29%; p<0.000%)A systematic refew of 2,357 patientsaportedower
periprocedurastroke/death ratan patientsvho receivedterehal protection although death

rates were almost identicil
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EPD Technigues

P-EPDs achieve cerebral protection by occluding vessels proximal to the stenosis and

stagnating flow while FEPDs etrap embolic material that become dislodged during the
procedure.REPDs establish protection prior to manipulation of the lesion but relies on
collateral flow to-maintain cerebral perfusiorREPDs require large introducer sheaths(8

Fr vs 6 Fr for fEPD) which are more difficult to navigate and obscure the lesion during stent
deployment. If flow through all ECA branches is not stagnated, the efficacy of the device
may also be reduced. F-EPDs are inserted by traversing a wire through the lesi@tiagd pl
the filter distally/using a delivery sheath, where withdrawal of the sheath deploys the filter.
Atherosclerotic plaques may embolise as instruments pass through and filters will only catch
emboli larger than the pore sizeElPDs can become obstructedhatarge emboli which

may impair cerebral flow or spill out during retrieval. ConcentitPDs have a wire

attached centrally and eccentdEPDs have it attached laterally, with neither consistently
shown to be superidf:®° F-EPDsarethe most commonlysedprotection devcesin the

USA ! Previously used distal balloons became obsolete after the safety of distal filters was

demonstrated,.although no hetaehead trials have compared the two.

There are noJargmulticentreRCTscomparing pePDsand fEPDs however published
studiesgenerdly support proximal protectiorData fromthree smalRCTsand four
observational studiesere pooled in a recent medaalysis, withthe incidence of new
ischemic lesions/patient afiffusion-weighted magnetic resonance imagidg-MRI)
significantly lower in the proximal balloon occlusion grddespite potentially being
associated with subtle neurocognitive defettts,significance of these lesions is unclear as
many are asymptomatic and disappear over.rastroAfonso et al. reportefbwer

embolic events.with EPDs®

A large retrespective analygis=10,264) reported no differentethe rates of stroke/death
in-hospitaler within 30 days betweergfD and fEPD cohortshowever pEPDuse was
infrequentmaking this difficult to interpret* Anotherretrospective analysis of 130 patients
also reported no significant difference in 30-day outcomes with a range of devioasghl
several limitations were preséfitA technique combining the use oERDs and-EPDs

(double protection) has also been described. A single-centre study (n=78) reported a
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significantly lower incidence and number of postprocedure ischaemic lesions MiRtw-
with double protection compared t&RD.*°

Specific Patient Populations

Previous CEA

Restenosisrates following CEA range from28%°° Redo CEA has améreased potential

for CNIsand alse carries an increased stroke cimkpared with primary CE® Thereare

no high quality data guiding management of these patients. A systematic review and meta-
analysis ofi4,399 patients from 50 studies reported no differencesdiay3@tes of
strokelIA/MI aor longterm stroke ratesetween CAS and CEA groufix patients with
restenosi§’,CNIs were more common with CEA bneicurrent restessis was more common
with CAS (both p<0.05). Another review of 1,132 patients from 13 studies reported
comparable results, with similar perioperative stroke/death rates lbegnames although
restenosis rates were also simffaA prospective non-randomised study of 91
revascularisation procedures (45 CAS, 46 ré@a\s) reported similar restenosis rates
between treatmenté Figure 4 demonstrates a case of CAS after previous CEA in a
symptomatie-patient. A chronically occludecht@lateral ICA and previous surgery

precluded'surgical management.

Cervical Radietherapy (GRT)

C-XRT accelerates the development of carotid artery stenosis, with the RR of TIA or

ischemic stroke at least doubl€drhe effects of radiotheramanmake surgery high risk
however high quality trials comparing CAS to CEA are lacking. Restenosis is itierypri
concern of CAS! A prospective study of 150 high risk patients reported significagtilr hi
ratesof restenosisit 3 years with CAS in patients with previouXRT compared to those
without (80% vs 26%:; p<0.03}.Other studies haveported no difference in restenosis rates
in patientsi'who.have received(®RT." A systematic review and megmalysis of 533

patients comparing CAS against CEA in patients with previeXiRT reported similar rates

of perioperative’stroke/TIA between groups, however long-term stroke/TIA (p=0.014) and
restenosis«(p<0.003) were more likely with CABIs were more common with CEA
however long-term rates of cerebrovascular events favoured CEA (p=0’0lathigh

quality trials have evaluated the utility of medical therapy in this cohort.

CASin Other Settings

Acute Strokeand Tandem Lesions
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Carotid artery steosis is a major cause stfoke, usually due to unstable atheroma resulting
in acute thrombosis or embolizatid0-20% of patients with acute ischemic stroke present
with an additionalpsilateralhigh-gradelCA stenosisécclusion’® This makes it difficult to
separate singlandtandemlesions in trialsEndovascular clot retrieval (ECRNdCAS are
used to treattandem lesions. Acute strdkssifiesthe extracranial carotid lesi@s
symptomaticnecessitating treatment. Stent deploynieiore or afteECRIis controversial.
Time lostdeployingthe stenbr negotiating a tight stenosis may result in further ischaemic
damageAdditionally, embolisatiorafter stenting is lessgmnificant asemboli enteian

occluded territoryEmbolisationafter ECR requiregepeathrombectomy Stentingrequires
antiplatelet.therapyoftenin addition to intravenous (IMprombolysis) predisposing patients
to intracranial’haemorrhagerethrombectomy agioplastyis an alternative to stenting,

however is associated with its own complicatiths.

Evidence guiding managementtahdemlesions is poor. Thrombolysis produces poorer
outcomeswith ICA and cerebral vessel tandem lesioospared to singleessel occlusio.”
Mostlarge RETdnvestigatingECR have excluded patients with tandem lesions. Subgroup
analyss of theESCAPEandREVASCAT trials reported more favourable neurological
outcomeswith tandem ICA and middle cerebral artéggionstreated withendovascular
therapyoverlVsthrombolysis whereas subgroup analysis of the MR CLEAN trial revealed
no significant difference betwegnoups’®"® A multicentre retrospective analy$is=170)
reported an incidence of 9% for symptomatitacranial Bemorrhage¢sICH) with CAS

plus ECRfor tandem occlusions.In 77%of patients ahrombolysis in Cerebral Infarction
(TICI) score of>2b wasachieved, however ontality was high (19%) and only 36% of

patients had enodified Rankin scoreof <2 at follow-up.

A metaanalysis.of 11 studies reporteglascularisatioand sICH ratesf 83% and 4%
respectiveljinrremergencyCAS.®° At 3 monthsfavourable clinical outconsavereseen in
46% ofcasesandmortality was 13%. A 201TeviewreportedTICl >2brevascularisation
was achieved 9% of patients with tandem occlusidfikappeltof et al pooled the results
of 7 studiesreportingsignificantly higher rate of recanalizatiowith CAS comparedo
intra-arterial thrombolysis (IAT{99% vs 61%; p<0.00Ff.Mortality rates favared IAT (0%
vs 34%; p=0.002). Both metmalyses are limited by difference intiaplatelet/thrombolysis
regimens, endovascular techniqueesjnitions of ‘revascularisation’ and reporting of

intracranial haemorrhages.
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Treatment optios for acutextracranial CA occlusion includéV thrombolysisCEA or
endovascular therap¥hereis no good evidence suggesting whigtihese is besAcute

ICA occlusion has a poor prognosis andrtality isas highas73%23 IV thrombolysisis
associatedwitipoor outcomes in these patiefit&\ prospective study of 201 patients with
acute ICA/occlusion treated witAT, endovascular mechanidakerapy or a combination of
both reported @tter recanalization rat@gth mechanical approachesmpared with
phamacolegical thrombolysialone (86%/82% with/without thrombolytics vs 47%;
p<0.001)*® These patientalsoachievedetter neurological outcomeaithoughstill poor.
Mortality was319% and favourable neurological outcomes at 3 moméne achieved ionly
28% of patients.

Studies evaluating CAS in acute ICA occlusion are lacking. Published retrospective studies
are small and heterogeous. Pooled datfrom 6 retrospective studies compa@aiS to IAT.
Stenting resulted in a higheecanalizatiomates(87% vs 48%; p=0.001iorefavourable
outcomes (68%Vs 15%:; p<0.001) and lower mortality (18% vs 41%; p=G0a8)er
retrospective ‘studidsave reportedecanalisation rateend sICHof 36.4-100% and 6-24.8%
respectiVélyNeéttological outcomes varied dramatically and were generally®p8Bimilar
outcomes have been reported with emerges.&€

There is currently a significant lack of data comparing expedited CEA to eag&iS in
patients who are recently symptomatiess than half of the RCTs comparing CAS to CEA
reported on the timing of intervention. Of those that did, the overwhelmajority of
interventions were performed more than 14 deterthe symptomatic evenEREST

reported the shorted median interval time at 22 days for CEA and 18 days foinGaS.

the mean.delay.in aRCTswas over 14 days and even over 1 month in all RCTs except
two.? Therlackof robust data investigating the safety and efficacy of CAS in the actite / pe

stroke perieds:particularlysignificart given theroutine useof ECR forstroke.

Nevertheless,goled data from SPACE, EVA-3S and ICSS (n=2839) suggested that the
timing of intervention following symptomatic events may be clinically imporftamhe
highest rates of stroke/death for CAS occumbenintervention was performed within 7
days of the qualifying symptomatic event. Stroke/death rates for CEA duringrtbis/ere
at their lowest. Alternatively, performing CAS >14 days after the qualifying ereduced
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the lowest stroke/death rates in this group. Stroke/death fiat CEA during this time were
at their highestHowever, as this study did not include patients presenting acutely with
tandem lesions or internal carotid artery occlusion, it cannot be extrapolated to patients
presenting with acute stroke.

M edical Therapy

Medical Therapy with CAS

Stent thrombosis isf@aredcomplication ofCAS. Stent insertionmay causentimal injury

leading toplatelet adhesion and thrombus formatiBaremetalmay incitethrombais
Guidelines_suggests administration of dasatiplatelet therapy (DAPT)re and
postprocedure_ along with antihypertensives, beta-blockers and lipid-lowering agents.
However,guidelines regarding periprocedural and postproce@ARIT therapyare
inconsisten{Table 3) Evidence guiding the recommendatiampoor and largely based on
coronary artery stentingials. No large RCTs evaluating antiplatelet therapZAS have

been performed, iparticularon DAPT versusaspirin alone.

Two RCTscomparingDAPT to single antiplatelet therapy CAS have been publishéd?

The firstcompared aspiriandclopidogrel to aspirind heparin (n=47). Neurological
complications were moreommonin the heparin group (25% vs 0%; p=0.0B)e other
compared acetgélicylicacid (ASA) and heparin witiASA andticlopidine (n=100).
Neurological complications were more comnwaith heparin and\SA (16% vs 2%;

p<0.05). Nosignificant differencen bleedingand30-daystent throrbosis/occlusion

occurred in either studyA metaanalysis combining these studies reported no differences in
bleeding complications between DARMd single-agent groups, however DAPT diduce

TIA risk (p=0.003)%° Statins have been shown to lower periprocedural stroke, death and Ml
risk. Reiff et al reported an isa@@mic strokeMI or death OR of 0.31 (p=0.006jth statins
(specific statin.not described)Groschel et alreportedsimilar resultsusingseveral different

statins(4%"Ws*15%p<0.05) Statin use has not been evaluated in RCTs.

Fewstudieshaveevaluate therole of newer antiplatelets. One retpestive study
comparing aspirin andopidogrel to aspirirand prasugreh neurointervention suggested
that aspirin/prasugrgloseda higher risk of haemorrhage (3.6% vs 19.4%, p=00%p
haemorrhagic complications were s&ath aspirin/clopidogrein patients vao underwent
CAS or angioplasty. Two were seen in the aspirin/prasugrel group (33.3%). Two similar

retrospective studies reported no adverse events in XBapanders to clopidogrel who
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underwent neurointervention using ticagrelor and in 18 patients who und€&@wsnising

ticagrelor®”®

Current Guidelines

CAS guidelinestare not uniform and have not been updated with theenest datéTable

4). The AmericarStrokeAssociation’s recommendations difiéepending on theeverityof
stenosis andVasétlar risk factdt€iting a lack of eviencethe2011 NICE guidelines
argue thatyCAS for asymptomatic stenatisuld only be used specific circumstances
however CAS for symptomatic stenosis is suppofiedihe Society for Vascular Surgery
generally recommends CEA over CAS in patients who are not surgicallyisighi: The
European Sogiety for Vascular Surgery advocate forsbeotiCAS as an alternative to CEA
in patients who are highsk and/or provided that the documented procedural stroke/death

risk is <6%:°°

Uncertainties and Future Dir ections

Despite muliple RCTs, the CEA versus CAS debate continues. Trials suggest that
periprocedural strokes are more likely with CAS however Ml is more likely with CEA, as are
CNIs and haematomas. Medium dadg-termresults favour neither CAS or CEResults

from the CREST trial are the most robust when it comes tetlenmg efficacy of CAS,

however this study is overdecadenld and it is conceivable that outcomes have changed

with increased proceduralist experiermrel advancing endovascular technology.

CAS may have a role in specific patient populations, however this is yet to be showais.in t

SeveraRCTsare underway to evaluate the roleGAS in asymptomaticarotid stenosiand
will help build upon results from the ACT-1 studyo high quality RCTs have compared
CEA to CAS.in.complicated patients such as those wahipus ipsilateral CEA or-XRT,
however thisfistunrealistiecruiting sufficienfpatient numbers would be difficulthese are
required torgovern evidendmsed management in these cohorts. There is a laggodf
evidence regarding specifsientor EPDsuperiority Given the global variety ideviceuse,

RCTs comparing common steriisd EPDsvould be of significant use.

Theareamost lackingn evidence ighe role ofmedical therapy in CASNo large RCTs have
compared periprocedural or postprocedAPT therapies or DAPT versus aspirin alone in
CAS. Additionally, no RCTs have compared BMT to either CEA or CASaiotid artery
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stenosis sincthe introduction ofmanymodern medicationSPACE2, CREST2, ACST-2
and ECST2 will provide crucial evidence taddresshese gaps in the literatuf€able 5)

Conclusion

Stroke isTa ' major contrilbor to the global healthurden. Many strokes occur secondary to
carotid artery stenosi€AS has becoman alternative treatment for carotid artery stenosis
and multiple trials have compared CAS to CP&riprocedural stroke is more commonly
associatediwith CAS, however Ml is more commonly associated with CEA. teomg-
outcomes are comparablehe role of CAS to treat carotid artery stenosis is widely debated
and guidelines are heterogeno@AS can be erformed using different techniques,
equipmentrand medications and it has not yet been established which combination of these
produceghebestoutcomedor specific indicationsFurtherhigh quality RCTsare required

to address these shortcomings and controversies, in order to provide a stronger basis for
evidence-basechanagemerdnd consistent practice guidelines
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Table 1: Summary of RCTs comparing CEA to CAS for carotid artery stenosis (EPD =

embolic protection device, CNI = cranial nerve injury, Ml = myocardial infarction)

Trial Proceduralist Symptomatic/ EPDsused | DevicesUsed Results Other
Inclusion Asymptomatic in CAS
Criteria (% symptomatic) | arm (Y/N,
% of
patients)
CAVATAS Nil specified Both (90%) Not Stents: Similar rates of periprocedura| Strict inclusion and
2002 (n=504) mentioned Wallstent disabling stroke/death (6.4% v| exclusion criteria
o1 Streker 5.9%; p=0-8) and death/any
Recruitment Palmaz stroke (10.0% vs 9.9%, p=0-9¢ Median follow up 5
period: years
March £ EPD: N/A 8-year rates of ipsilateral non
1992 until perioperative stroke were CAS arm was
July 3£'1997 11.3% vs 8.6% (HR 1.22) and  angioplasty +/-
for any non-perioperative CAS. 26% of CAS
stroke were 21.1% vs 15.4%| arm received a sten
(HR 1.66)
Wide confidence
Significantly more intervals make
postoperative CNIs (0% vs interpretation of
8.6%; p<0.0001) and major | some data difficult
groin/neck haematomas (1.29
Vs 6.7%; p<0.0015) with CEA
Long-term restenosis more
common in endovascular arn
(adjusted HR 3.17; p<0.0001)
lower rates of restenosis with
angioplasty plus stenting vs
angioplasty alone (HR 0.43)
SAPPHIRE CEA arm: Both (29%) Y, 96% Stents: CAS non-inferior with respect| Surgically high-risk
2004 median 30 Smart to death/stroke/MI within 30 patients only
(n=334) procedures/yea Precise days or death/ipsilateral strok
14.15 (range 15-100). between 31 days and 1 year
Recruitment Complication EPDs: (12.2% vs 20.1%; p=0.004)
period: rates that met Angioguard
August 2000 | the criteria of Angioguard No significant difference in
until Jul the American XP rates of periprocedural
y 2002 Heart death/stroke/MI or
Association death/ipsilateral stroke betweg
31 days and 3 years (24.6% V
CAS arm: 26.9%; p=0.71)
median 64 total
procedures Rates of restenosis requiring
(range 20-700). intervention at 3 years were
Incidence of also similar (2.4% vs 5.4%;

periprocedural

stroke or death

p=0.26)
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<6%

EVA-3S CEA arm:>25 Symptomatic Y, 92% Not Significantly higher incidence Trial stopped
2006 CEAs in the mentioned of periprocedural stroke/deat] prematurely due to
(n=527) year before with CAS (3.9% vs 9.6%; RR| high incidence of
1820 enrolment 2.5) periprocedural
Recruitment stroke/death with
period: CAS arm: 5- year risk of periprocedural CAS, hence
November >121CAS stroke/death and non- underpowered
2000 until procedures or procedural ipsilateral stroke
September >35 stenting significantly higher with CAS | Median follow up of
2005 procedures! of (11.0% vs 6.3%; p=0.04), 7.1 years
the supraaortic although non-significant 10
trunks, of which years (11.5% vs 7.6%; p=0.07
at>5 were
CAS. Similar postprocedural stroke
numbers (6 vs 8; p=0.67).
If not,
proceduralists No significant difference in
were supervised restenosis rates (7 vs 12;
until criteria p=0.26)
fulfilled
SPACE CAS arm: Symptomatic Y, 27% Stents: Non-inferiority of CAS not
2006 >25 successful Carotid demonstrated with respect to|
(n=1200) consecutive Wallstent periprocedural death/ipsilaterg
16,17 percutaneous Precise ischaemic stroke (6.84% vs
Recruitment transluminal Acculink 6.34%; p=0.09)
period: March| angioplasty or
2001 until stent procedureg EPDs: Similar rates of ipsilateral
February PercuSurge ischaemic strokes at 2 years
2006 CEA arm: GuardWire and any periprocedural
25 _consecutive FilterWire stroke/death (9.4% vs 7.8%;
CEAs.and EX log-rank p=0.31)
provision of AngioGuard
mortality’and NeuroShield Recurrent stenosis more
morbidity‘rates Carotid Trap | frequent with CAS (11.1% vs
4.6%; p=0.0007)
ICSS CEA arm:50 Symptomatic Y, 72% Not Incidence of stroke/death/MI
2010 previous carotid mentioned within 120 days higher with
(n=1713) operations CAS (8.5% vs 5.2%; p=0.006
a2z (>10/year)
Recruitment Significantly more CNiIs (1 vs
period: May CAS7arm: >50 45) and haematomas (31 vs 5
2001 until stenting p=0.0197) with CEA
October 2008 procedures,

with >10 cases
in the carotid

artery

If not,

5-year stroke rates higher witl
CAS (8.9% vs 5.8%; p=0-04)

5-year risk of fatal/disabling
strokes simir (6:4% vs 6-5%;

p=0-77)

This article is protected by copyright. All rights reserved




procedures were
proctored by an Procedure-related stroke/deat
outside or ipsilateral stroke during
proceduralist follow-up more frequent with
until satisfied CAS (p=0-001)
that the centre
could perform Long-term rates of
the procedure restenosis/occlusion similar
between groups (HR 1.25)
CREST CEA arm: >12 Both (53%) Y, 96% Stent: Similar rates of periprocedura
2010 proceduresfyea RX Acculink stroke/death/MI between
(n=2502) with groups (5.2% vs 4.5%; p=0.34§
1213 complication EPD:
and death rates RX Accunet Significantly more
Recruitment <3% if periprocedural strokes with
period: asymptomatic CAS (4.1% vs. 2.3%; p=0.01)
December and < 5% if
2000 until symptomatic Significantly more
July 2008 periprocedural Mls with CEA
CAS arm: (1.1% vs. 2.3%; p=0.03)
endovascular
experience and No significant difference in
CAS result stroke/death/MI rates betwee
evaluation, groups at 10 years (11.8% vs
participation in 9.9%; p=0.51)
training and a
leadkin phase of Higher rates of stroke/death
training and ipsilateral stroke in the
CAS group at 10 years (HR
1.37)
Similar long-term
postprocedural ipsilateral
stroke rates between groups
(HR 0.99)
Similar rates of restenosis/
revascularization between
groups (HR 1.24)
ACT-1 Both arms: Asymptomatic Y, 100% Stent: CAS non-inferior with respect Participants
2016 >25 recently Xact to combined periprocedural relatively healthy
(n=1453) performed death/stroke/MI or ipsilateral | (<79 years of age
= procédures. EPDs: stroke within 1 year (3.8% vs| and not high-risk for
Recruitment Approval of Emboshield 3.4%, p=0.01) surgery)
period: March| these outcomes| Emboshield
30" 2005 by committee. Pro Periprocedural stroke and dea
until January | Participation in Emboshield rates (2.9% vs 1.7%; p=0.33)
18" 2013 a lead-in phase NAV6 and postprocedure stroke rate
whereby sites up to 5 years (2.2% vs 2.7%;
performed>2 p=0.51) similar between group
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cases

Cumulative 5-year rates of
stroke-free survival similar
between groups (93.1% vs

94.7%; p=0.44).

Table 2: Names /and characteristics of commonly used carotid artery stents

Stent M anufacturer Material Closed/Open Freecell area Tapered/Non-
(mm?) tapered
Casper Microvention-Terumo Nitinol Closed 0.375/0.600 Tapered
(Tustin, CA, USA) (double layer)
Wallstent Baston Scientific Elgiloy (nonrmagnetic Closed 1.08 Non-tapered
(Natick, MA, USA) Cobalt-Chromium-
Nickel-Molybdenum
alloy)
Xact Abbott Vascular Nitinol Closed 2.74 Either
(Abbott Park, IL, USA)
NexStent Boston Scientific Nitinol Closed 4.70 Tapered
Precise Cordis (Bridgewater, Nitinol Open 5.89 Non-tapered
NJ, USA)
Exponent Medtronic Nitinol Open 6.51 Either
(Minneapolis, MN,
USA)
Protégé Covidien (Irvine, CA, Nitinol Open 10.71 Either
USA)
Acculink Abbott Vascular Nitinol Open 11.48 Either
Zilver 5189 RX Cook Medical Nitinol Open 12.76 Non-tapered
(Bloomington, IN,
USA)
Cristallo Ideale Medtronic Nitinol Hybrid: closed-cell NA Either
center; open-cell endg
Sinus-Carotid- Optimed (Ettlingen, Nitinol Hybrid: openeell NA Either

RX

Germany)

center; closed- cell

ends
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Table 3: Periprocedural and postprocedural medical therapy guidelines for CAS

Guideline Regimen
American Stroke Association 81-325mg aspirin and 75mg clopidogrel (g
2011° 250mg BD ticlopidine if intolerant of

clopidogrel) 3 days pre-procedure, continu
for ‘at least 30 days’, after which aspirin is to

continue

European Saciety for Vascular Surgery
2017°

Start DAPT with aspirin (300 mg initially fo
up to 14 days followed by 75 mg daily if nc
already taking aspirin) and clopidogrel (7!
mg daily) 3 days prior to CAS. Aspirin ang
clopidogrel should be continued for at leas
month, followed by clopidogrel thereafter
unless the treating physician opts for an

alternative long-term antiplatelet regimer

Society for Vascular Surgery
2011°

325mg aspirin and 75mg clopidogrel or
250mg ticlopidinefor ‘at least 3 days’ pre-

procedure and post-procedure for 30 day
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exactly, after which aspirin alone should

continue

Table 4: Carotid artery stenosis guidelines

Guidelineand Year

Recommendation

American Stroke Association’s 2014

CEA is advised for patients with recent stroke/TIA and >50%
stenosis if patients are of low perioperative risk and patient faq

have been considered

CAS may be used in symptomatic patients at average/low ris|
periprocedural complications with stenosis of >70% on non|
invasive imaging or >50% by catheter-based imaging or nof,

invasive angiogram and perioperative risk is low

Patient age and surgical risk should also be considered wh
considering CAS vs CEA

Nice 201%”

All patient selection should be carried out by a multidisciplina|
team and the interventionalists should have specific training §

expertise in the technique
Asymptomatic carotid artery stenosis:
CAS should only be used with special arrangements for clinig

governance, consent and audit or research

Patients must understand the uncertainty about the procedure’s
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efficacy, the risk of stroke and other complications

Symptomatic carotid artery stenosis:
CAS for symptomatic carotid stenosis is supported provided t
arrangements are in place for clinical governance and audit

research

During the consent process, clinicians should ensure that pati
understand the risk of stroke and other complications associg

with this procedure

Society for' Vascular Surgery 20°F1

In most patients with carotid stenosis for intervention, CEA i;
preferred to CAS

Asymptomatic patients with60% stenosis should be considerg
for CEA provided the patient has a 3- to 5-year life expectan

and perioperative stroke/death rates<8%

CEA is preferred over CAS in patients >70 years of age, with |
(>15mm) lesions, pre-occlusive stenosis, or lipid-rich plaques

are not surgically high-risk

CAS is preferred in symptomatic patients with >50% stenosis |

are surgically high-risk

There are insufficient data to recommend CAS for asymptomi

patients with 70%-99% stenosis

European. Society for Vascular Surgery 2917

In recently symptomatic patients with a 50-99% stenosis wh
present with adverse anatomical features or medical comorbig
that are considered to make them ‘high risk for CEA’, CAS should

be considered, provided the documented procedural death/st

rate is <6%

When revascularization is indicated in ‘average surgical risk’
patients with symptomatic carotid disease, CAS may be
considered as an alternative to surgery, provided the docume|
procedural death/stroke rate is <6%.

When decided, it is recommended to perform revascularizatio
symptomatic 50-99% carotid stenoses as soon as possible

preferably within 14 days of symptom onset.

Table5: Active carotid artery stenting trials

Trial name

Comparison Anticipated completion

SPACE 2: Stent-protected Two 2-arm clinical trials July 2020

angioplasty in asymptomatic comparing CAS, CEA, and best
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carotid artery stenosis versus
endarterectomy
(ISRCTN78592017)

medical therapy in asymptomatic

patients with carotid stenosis

ACST-2: Asymptomatic Carotid
Surgery Trial (NCT00883402)

An international randomised trial
to compare CEA with CAS to
prevent stroke in asymptomatic

patients with carotid stenosis

December 2019

CREST-2 (NCT02089217)

2 parallel multicentre randomized
observer-blinded end point clinica
trials evaluating intensive medicg
management alone, intensive
medical management plus CEA
and intensive medical manageme
with CAS in asymptomatic patient

with carotid stenosis

December 2020

ECST-2: European Carotid Surge
Trial (ISRCTN97744893)

Multicentre, randomised,
controlled, open, prospective
clinical trial comparing medical
therapy with medical therapy anc

revascularisation in patients with

carotid artery stenosis

March 2022
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Fig 2. Procedural and pogirocedural images of carotid artery stenting forsédied base of skull ICA stenosis.
A. Anterior view of ICA stenosis (black arrowB. Lateral view of ICA stenosis (arrowg.. Stent positio pre
deployment (BeGraft coronary stent graft (Bentley Inno@etbH, Hechingen, Germany), arrovi.
Achievement of ICA patency pedeployment of stent (arrowfe. Anterior view of intracranial circulation poest
deployment of stent (arrowff.. Postprocedtal magnetic resonance angiogragigpicting stent artefact and
contrast follow through patent ICA (arrow)

F. I 3
.

Procedu f carotid artery stenting fordafed high cervical ICA stenosis in a young female with
likely fibromu ysplasiad. Anterior view of ICA stenosis (arrowig. Deployment of EmboshieldEPD
(arrow).C. Pgsitioning of Casper stepre-deployment (arrow)D. Achievement of ICA patency pest
deploym (arrow).

Figure4
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Fig 4. Procedural images of carotid artery stenting fordafed cervical ICA stenosis asdmmon carotid
artery (CCA)kink’ in a patient with previou€EA and complete occlusion of righided CCAA. Anterior
view of ICA stenosis (arrowB. Positioning of Casgr stent pradeployment (arrow)C. Achievement of ICA
patency postieployment of stent (arrowmp. Position of CCA stent relative to ICA stent (arrol).CCA stent
(green arrow)F. Anterior view of intracranial circulation pesgeployment of stent with known right CCA
occlusion
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