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Randomized Studies CEA vs. CASRandomized Studies CEA vs. CAS

N Stent Surgery PN Stent Surgery P

CAVATAS, Lancet 2001 505 10 % 10 % ns,

SAPPHIRE, NEJM 2004 307 4,4 % 9,9 % ns

EVA 3S, NEJM 2006 527 9,6 % 3,9 % < 0,05

SPACE, Lancet 2006 1183 6,8 % 6,3 % -

ICSS L t 2010 1649 7 4 % 4 0 % < 0 05ICSS, Lancet 2010 1649 7,4 % 4,0 % < 0,05



Randomized Studies CEA vs. CASRandomized Studies CEA vs. CAS

N Stent OP PN Stent OP P

CAVATAS, Lancet 2001 505 10 % 10 % ns,

SAPPHIRE, NEJM 2004 307 4,4 % 9,9 % ns

EVA 3S, NEJM 2006 527 9,6 % 3,9 % < 0,05

SPACE, Lancet 2006 1183 6,8 % 6,3 % -

ICSS L t 2010 1649 7 4 % 4 0 % < 0 05ICSS, Lancet 2010 1649 7,4 % 4,0 % < 0,05

CREST, NEJM 2010 2502 5,2 % 4,5 % nsCREST, NEJM 2010 2502 5,2 % 4,5 % ns



CAVATASCAVATAS
CCarotid and arotid and VVertebral ertebral AArtery rtery TTransluminal ransluminal AAngioplasty ngioplasty SStudytudy

• Multicentric, randomized,  251 PTA,  253 CEA• Multicentric, randomized,  251 PTA,  253 CEA, , ,
• 30 days MAE (stroke > 7 days or death):

, , ,
• 30 days MAE (stroke > 7 days or death):

• PTA 9,9%
• CEA 10 0%
• PTA 9,9%
• CEA 10 0%• CEA 10,0%• CEA 10,0%

• Stent-implantation only in 26 %• Stent-implantation only in 26 %

LancetLancet 20012001



EmbolizationEmbolization DuringDuring CASCASEmbolizationEmbolization DuringDuring CASCAS



SPACE: CEA vs. CASSPACE: CEA vs. CAS
in Symptomatic Patientsin Symptomatic Patients

CEA CAS P
(584) (599)

P

Primary endpoint
(ipsilateral stroke or 6.34 % 6.84 % 0,09

death within 30 days)

Protection-system
Yes No
172 413

The Space Collaborative Group, The Space Collaborative Group, LancetLancet 20062006



Prerequisites for a RCTPrerequisites for a RCT
Comparing CEA and CASComparing CEA and CAS

• Stent implantation is mandatory• Stent-implantation is mandatory

• Cerebrale protection is mandatory

• Surgical / interventional experience• Surgical / interventional experience



EVA-3S: CEA vs. CASEVA-3S: CEA vs. CAS
in Symptomatic Patientsin Symptomatic Patients

CEA CASCEA CAS

30 d30-days 
stroke / death

3.9 % 9.6 %

I t ti li t ith i i CAS ld i l d• Interventionalist with no experience in CAS could include
patients, if CAS was performed under supervision.

Mas et al., Mas et al., NEJMNEJM 20062006



ICSS (International Carotid Stenting Study)ICSS (International Carotid Stenting Study)

CAS vs. CEA of symptomatic patients: InterimInterim--analysisanalysis
Primary Primary endpointendpoint: : anyany strokestroke upup toto 3 3 y after y after revascularizationrevascularization

CEA (821) CAS (828) P

Any stroke 3.3 % 7.0 % 0.001

QualificationQualification ofof thethe surgeonsurgeon: : 50 50 proceduresprocedures
QualificationQualification ofof thethe interventionalist: interventionalist: 10 10 proceduresprocedures

Lancet 2010; 375:985-97
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CREST: Stent vs. CEACREST: Stent vs. CEA
- Symptomatic and asymptomatic patients

- Primary endpoint:
P i d l t k / MI / d th- Periprocedural stroke / MI / death

- Ipsilateraler stroke up to 4 years

• Surgeons and interventionalists were individualy• Surgeons and interventionalists were individualy
credentialized during a lead-in phase.

• Cerebral protection in 96 1 %

Brott et al., N Eng J Med 2010

 Cerebral protection in 96.1 %



CREST: Periprocedural ComplicationsCREST: Periprocedural Complications

CEA CAS P

N 1240 1262

Stroke 2.3 % 4.1 % 0.01

MI 2.3 % 1.1 % 0.03

Death 0.3 % 0.7 % 0.18

Primary endpoint
(Stroke, MI, death) 4.5 % 5.2 % 0.38

Brott et al., N Eng J Med 2010

( , , )



CREST Asymptomatic vs. CREST Asymptomatic vs. 
Symptomatic PatientsSymptomatic Patients

ToTo improveimprove comparabilitycomparability toto otherother trialstrials

- Asymptomatic n = 1181
(≥ 60% stenosis by aniography)

- Symptomatic n = 1321
(≥ 50% stenosis by aniography)

Silver et al., Stroke 2011;42:675-680



CREST: Periprocedural ComplicationsCREST: Periprocedural Complications

CEA CAS PCEA CAS P

Entire group
Primary endpoint

(Stroke, MI, death)
4.5 % 5.2 % 0.38

Symptomatic pts. 5.4 % 6.7 % 0.30
Primary endpoint

5.4 % 6.7 % 0.30

Asymptomatic pts.
Primary endpoint

3.6 % 3.5 % 0.96

Silver et al., Stroke 2011;42:675-680

y p



CREST: Periprocedural Complications:CREST: Periprocedural Complications:
Stroke and Death for Pts. < 80 yearsStroke and Death for Pts. < 80 years

NASCET ECST ACS ACSTNASCET ECST ACS ACST i l d di l d d ll ti tti t 8080

CEA CAS P

NASCET, ECST, ACS, ACST NASCET, ECST, ACS, ACST includedincluded onlyonly patientspatients < 80 < 80 yearsyears

CEA CAS P

Symptomatic pts. 2 6 % 5 6 % 0 006(n=1170) 2.6 % 5.6 % 0.006
Asymptomatic pts. 1 5 % 2 4 % 0 27y p p

(n=1091) 1.5 % 2.4 % 0.27

Rates Rates areare withinwithin thethe AHA/ASAAHA/ASA--guidelinesguidelines::
< 6% < 6% forfor symptomaticsymptomatic, , 
< 3%< 3% forfor as mptomaticas mptomatic stenosesstenoses

Silver et al., Stroke 2011;42:675-680

< 3% < 3% forfor asymptomaticasymptomatic stenosesstenoses



CREST: Periprocedural StrokeCREST: Periprocedural Stroke

CEA CAS P

All stroke
Symptomatic 3.2 % 5.5 % 0.043
Asymptomatic 1.4 % 2.5 % 0.15
S t ti 0 9 % 1 2 % 0 61

Major stroke
Symptomatic 0.9 % 1.2 % 0.61
Asymptomatic 0 3 % 0 5 % 0 66Asymptomatic 0.3 % 0.5 % 0.66
Symptomatic 2.3 % 4.3 % 0.042

Minor stroke
Asymptomatic 1.0 % 2.0 % 0.15

Silver et al., Stroke 2011;42:675-680



CREST: 2. Primary Endpoint:
I il t l St k t 4 Y ft R l i it

CREST: 2. Primary Endpoint:
I il t l St k t 4 Y ft R l i itIpsilateral Stroke up to 4 Y after RevascularizaritonIpsilateral Stroke up to 4 Y after Revascularizariton

Ipsilateral
StrokeStroke

Stent 2.0 %

Surgery 2.4 %

Brott et al., N Eng J Med 2010



CREST ConclusionCREST Conclusion

• Similar results for CAS and CEA• Similar results for CAS and CEA 
• independent from symptomatic status

• Rate of minor strokes in favour for CEARate of minor strokes in favour for CEA

• Do we need further RCTs ?

• Yes, therapies are improving over time



CREST: Stent vs. SurgeryCREST: Stent vs. Surgery

- Patient-inclusion 2000 - 2008

• Interventional technique:• Interventional technique: 

- Only 1 filter-system (Accunet Abbott)Only 1 filter system (Accunet, Abbott)

- Only 1 stent-system (Acculink, Abbott)y y ( )

Brott et al., N Eng J Med 2010



Would you treat this lesions using a filter ?Would you treat this lesions using a filter ?



Concepts of Cerebral ProtectionConcepts of Cerebral Protectionpp
““distaldistal” ” ProtectionProtection ““proximalproximal” ” protectionprotection

AntegradeAntegrade
flowflow

Retrograde flowRetrograde flow
duringduring aspirationaspiration

flowflow

MO MA (M dt iMO MA (M dt i I tI t ))FilterFilter--systemssystems MO.MA (Medtronic MO.MA (Medtronic InvatecInvatec))
Flow Flow ReversalReversal (Gore)(Gore)



Proximal oder distal Protection ?Proximal oder distal Protection ?



Proximal or distal Protection ?Proximal or distal Protection ?



Complication-Rates 
CAS-Registries 2000-2010

Complication-Rates 
CAS-Registries 2000-2010

MACE Clinical Trials ComparisonMACE Clinical Trials Comparison

CAS-Registries 2000-2010CAS-Registries 2000-2010

FilterFilter--SystemesSystemesMACE Clinical Trials ComparisonMACE Clinical Trials Comparison

Proximal Proximal protectionprotection8.6%8.6%8.3%8.3%
10%10%

FilterFilter SystemesSystemes

Proximal Proximal protectionprotection

6.2%6.2%
5.6%5.6% 5 3%5 3%

8.3%8.3%
7.5%7.5% 6.9%6.9%

6%6%

8%8%

5.3%5.3%
3.9%3.9% 3.7%3.7%4%4%

6%6%

2.7%2.7%

2%2%

0%0%

Archer II + III: Archer II + III: AccunetAccunet + + AcculinkAcculink



ResultsResults ofof ExperiencedExperienced CentersCentersResultsResults ofof ExperiencedExperienced CentersCenters

n Protections system Death / Stroken Protections-system (30 days)

C i t l Filt /Cremonesi et al. 
Stroke 2003 442 Filter / 

proximal protection 1,1 %

Stabile et al. JACC 
2010 1300 Proximal protection 1,3 %



Development Development ofof StentStent--TechnologyTechnologyDevelopment Development ofof StentStent--TechnologyTechnology
PrecisePrecise
(C di )(C di )

VivexxVivexx
(Bard)(Bard)(Cordis)(Cordis)

AdaptAdapt

(Bard)(Bard)

AdaptAdapt
(BS)(BS) XactXact

(Abbott)(Abbott)

ZilverZilver
(Cook)(Cook) SinusSinus

(O ti d)(O ti d)

Carotid WallstentCarotid Wallstent
(BS)(BS)

(Optimed)(Optimed)

AcculinkAcculink
Cristallo IdealeCristallo Ideale (Guidant)(Guidant)

ExponentExponent

Cristallo IdealeCristallo Ideale
(Invatec)(Invatec)

ProtegeProtege
(ev3)(ev3)

ExponentExponent
(Medtronic)(Medtronic)



Open Cell vs. Closed Cell DesignOpen Cell vs. Closed Cell DesignOpen Cell vs. Closed Cell DesignOpen Cell vs. Closed Cell Designgggg

Bosiers / Peeters CIRSE 2006Bosiers / Peeters CIRSE 2006



HybridHybrid--Stent (OpenStent (Open-- andand ClosedClosed--CellCell))HybridHybrid--Stent (OpenStent (Open-- andand ClosedClosed--CellCell))

With courtesy Dr. CremonesiWith courtesy Dr. Cremonesi

MulticenterMulticenter RegistryRegistry 124 PTAs:124 PTAs: 3030--day complicationsday complications 00 %%Multicenter Multicenter Registry Registry 124 PTAs:  124 PTAs:  3030 day complications day complications 0 0 %%

Cremonesi et al., J Endovasc Ther 2008; 15: 186Cremonesi et al., J Endovasc Ther 2008; 15: 186--192192



ConclusionConclusion

• Similar results for CAS and CEA were shown• Similar results for CAS and CEA were shown
by CREST, the largest RCT up to date.

R t f i t k i f f CEA• Rate of minor strokes in favour for CEA.

• CAS has the potential to improve with thep p
selection of lesion-specific technologies.


