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Predicting the FuturePredicting the Future

TranscatheterTranscatheter
valve therapy is the valve therapy is the 

MOST EXCITINGMOST EXCITING
new procedure in the new procedure in the 
field of interventional field of interventional 

cardiovascular cardiovascular 
therapeutics!!!therapeutics!!!

TranscatheterTranscatheter Valve Therapy (TVT) Valve Therapy (TVT) 



First First successfulsuccessful percutaneous percutaneous 
valve replacement!valve replacement!

•• Case report: 12Case report: 12--year year oldold boy boy 
with with pulmonarypulmonary insufficiencyinsufficiency
and stenosis on a and stenosis on a prostheticprosthetic
conduit conduit implantedimplanted for for 
pulmonarypulmonary atresiaatresia atat age 4age 4

•• SuccessfulSuccessful implantation of an implantation of an 
18 mm  bovine 18 mm  bovine jugularjugular veinvein
with with itsits native valve native valve connectedconnected
to a to a platiniumplatinium stentstent

•• Partial relief of the stenosis Partial relief of the stenosis 
and excellent valve and excellent valve 
competencecompetence; no ; no proceduralprocedural
complicationscomplications

Bonhoeffer et al, The Lancet, Bonhoeffer et al, The Lancet, OctOct 20002000



Is there really a large Is there really a large 
pool of patients with pool of patients with 
mod/severe VHD who mod/severe VHD who 

are are ““untreateduntreated””??

TranscatheterTranscatheter Valve TherapyValve Therapy



31.8% did not undergo 
intervention, despite NYHA 

class III/IV symptoms

Do patients with Do patients with valvularvalvular heart disease receive heart disease receive 
treatment according to established guidelines?treatment according to established guidelines?

•• 92 92 hospitalshospitals fromfrom 25 countries25 countries
•• 5,001 patients 5,001 patients fromfrom AprilApril--July, 2001July, 2001



Euro Euro HeartHeart Survey on VHD: Survey on VHD: 
31.8% of patients 31.8% of patients werewere not not operatedoperated, , 

despitedespite NYHA class III/IV NYHA class III/IV SxSx

•• CARDIAC REASONSCARDIAC REASONS
decrease decrease SxSx after treatmentafter treatment 45%45%
““endend--stagestage”” cardaiccardaic disease  disease  30%30%

•• EXTRAEXTRA--CARDIAC REASONSCARDIAC REASONS
ageage 27%27%
coco--morbidities  morbidities  27%27%
patient refusal  patient refusal  16%16%

EurEur Heart J. 2003;24:1231Heart J. 2003;24:1231--43. 43. 



•• For stenotic valvesFor stenotic valves
Pulmonary (or valve Pulmonary (or valve 
conduit) conduit) stenosisstenosis
(a/o regurgitation(a/o regurgitation
Aortic stenosisAortic stenosis
Mitral stenosisMitral stenosis

•• For For regurgitantregurgitant valvesvalves
Aortic regurgitationAortic regurgitation
Mitral regurgitationMitral regurgitation

Transcatheter Valve TherapyTranscatheter Valve TherapyTranscatheter Valve Therapy



CURRENTCURRENT Candidates for Candidates for 
TranscatheterTranscatheter AVRAVR

UnreferredUnreferredUnreferred

Severe ASSevere ASSevere AS

High Surgical RiskHigh Surgical RiskHigh Surgical Risk

symptomaticsymptomatic
> 70 > 70 yoyo

High Risk AVRHigh Risk AVRHigh Risk AVR



High RiskHigh Risk AVR PatientsAVR Patients
with Poor Outcomeswith Poor Outcomes

•• Radiation chest wall/heart diseaseRadiation chest wall/heart disease
•• Octogenarians with multiple coOctogenarians with multiple co--morbiditiesmorbidities
•• STS Predicted Risk >10%, Logistic STS Predicted Risk >10%, Logistic 

EuroSCOREEuroSCORE >30% (~10>30% (~10--15% operative risk)15% operative risk)
•• Cirrhosis with portal hypertensionCirrhosis with portal hypertension
•• ESRD on dialysisESRD on dialysis
•• Porcelain aortaPorcelain aorta
•• Degenerative Degenerative neurocognitiveneurocognitive dysfunction dysfunction 

There is no perfect formula! There is no perfect formula! 
Requires some quantitative risk algorithmRequires some quantitative risk algorithm

+ a thoughtful surgeon/cardiologist!!! + a thoughtful surgeon/cardiologist!!! 



SEVERE AORTIC STENOSISSEVERE AORTIC STENOSIS

AORTIC VALVE AORTIC VALVE 
REPLACEMENT REPLACEMENT 

SURGERYSURGERY

BALLOON AORTIC BALLOON AORTIC 
VALVULOPLASTYVALVULOPLASTY

REFUSALSREFUSALS

““MEDICAL THERAPYMEDICAL THERAPY””

““ASYMPTOMATICASYMPTOMATIC””

Potential Potential tAVRtAVR PatientsPatients

HIGHHIGH--RISKRISK
PATIENTSPATIENTS



Technology Technology 
OverviewOverview……

TranscatheterTranscatheter AVR  AVR  



TranscatheterTranscatheter AVR SystemsAVR Systems
11stst GenerationGeneration

•• CribierCribier--Edwards Aortic Edwards Aortic BioprosthesisBioprosthesis
Balloon expandable stainless steel Balloon expandable stainless steel bioprosthesisbioprosthesis
Equine pericardial valveEquine pericardial valve
Unsheathed and sheathed (Unsheathed and sheathed (FlexCathFlexCath))
AntegradeAntegrade, retrograde, or trans, retrograde, or trans--apical approachapical approach

•• CoreValveCoreValve RevalvingRevalvingTMTM SystemSystem
SelfSelf--expanding nitinol cage expanding nitinol cage bioprosthesisbioprosthesis
Porcine pericardial valvePorcine pericardial valve
Sheathed (21 Fr and 18 Fr)Sheathed (21 Fr and 18 Fr)
Retrograde approachRetrograde approach



First generation First generation –– polyurethanepolyurethane

Second generation Second generation –– bovine pericardiumbovine pericardium

CribierCribier--Edwards Edwards 
Percutaneous Heart ValvePercutaneous Heart Valve

Current DeviceCurrent Device

•• equine pericardial valveequine pericardial valve
•• stainless steel stainless steel stentstent
•• 23mm and 26mm diameters23mm and 26mm diameters
•• balloonballoon--expandableexpandable
•• AVA = 1.7AVA = 1.7--1.9 cm1.9 cm22



CribierCribier--Edwards Edwards 
Percutaneous Heart Valve Percutaneous Heart Valve SYSTEMSYSTEM

24 Fr sheath

FlexCathCrimperCrimper

ValveValve



1. Self1. Self--expanding multiexpanding multi--
level selflevel self--expandingexpanding
nitinolnitinol frameframe

4. Loading system4. Loading system

2. Porcine pericardial valve2. Porcine pericardial valve

3. Sheathed delivery catheter; 3. Sheathed delivery catheter; 
21 F (now 18 F)21 F (now 18 F)

CoreValve CoreValve ReValvingReValvingTMTM SystemSystem
4 Components4 Components



Early Clinical Early Clinical 
ResultsResults……

TranscatheterTranscatheter AVR  AVR  



Day 8 postDay 8 post--implantationimplantation

First First successfulsuccessful percutaneous percutaneous 
aorticaortic valve replacement!valve replacement!

Alain Cribier

April 16, 2002



April 

2002 March 2003  

Jul. 2
004

April 
2005

Dec. 2004

Aug. 2003

Pilot study
4 pts

(11 months)

I-REVIVE
16 patients
(11 months)

RECAST
20 patients
(5 months)

CribierCribier –– EarlyEarly PHV PHV ExperiencesExperiences
Rouen, FranceRouen, France

5 mos5 mos 5 mos5 mos

NonNon--surgical candidatessurgical candidates High surgical riskHigh surgical risk



PrePre PostPost

MeanMean Gradient Gradient (mm Hg)(mm Hg) AVA AVA (cm(cm²²))

p = .0076p = .0076 p = .0076p = .0076
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8.58.5

4343

0.560.56
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CribierCribier –– Early PHV ExperiencesEarly PHV Experiences
Procedural Results (n=16)Procedural Results (n=16)



CribierCribier –– EarlyEarly PHV PHV ExperiencesExperiences
Changes in LVEF (n=13)Changes in LVEF (n=13)

Ejection Fraction Ejection Fraction (%)(%)
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Baseline: EF 20%Baseline: EF 20%

8 8 daysdays post PHV: EF=58%post PHV: EF=58%



Patient #5Patient #5

ParaPara--valvularvalvular RegurgitationRegurgitation



MR

Antegrade Approach:
Guidewire Position 

in LV

Antegrade Approach:
Guidewire Position 

in LV



Transeptal catheterization and septal
dilatation with 10 mm balloon

Trauma to the mitral valve
with the stiff guidewire
causing acute MR

Small/hypertrophied LVs
difficult to maneuver PHV

Technically very challenging
in high risk patients

Transcatheter AVR
Antegrade Transeptal Approach

Transcatheter AVR
Antegrade Transeptal Approach



TranscatheterTranscatheter AVR Technologies AVR Technologies 

Transcatheter
AVR

TranscatheterTranscatheter
AVRAVR

Trans-femoral 
(cath lab)

TransTrans--femoral femoral 
((cathcath lab)lab)

Trans-apical
(OR)

TransTrans--apicalapical
(OR)(OR)



•• Good vascular accessGood vascular access

•• No No AoAo arch pathologyarch pathology

•• Retrograde AV crossingRetrograde AV crossing
predictablepredictable

PreferredPreferred

TranscatheterTranscatheter AVR Technologies AVR Technologies 

Catheter-Based
AVR

CatheterCatheter--BasedBased
AVRAVR

Trans-femoral 
(cath lab)

TransTrans--femoral femoral 
((cathcath lab)lab)



Retrograde TransRetrograde Trans--femoral femoral 
DeploymentDeployment

RapidRapid pacingpacing : 220/min: 220/min



Embolized valve 2Embolized valve 2Embolized valve 2

St. PaulSt. Paul’’s Hospital Vancouver Experiences Hospital Vancouver Experience

Unable to deliver/cross 5Unable to deliver/cross 5Unable to deliver/cross 5

80 Patients80 Patients80 Patients

58 Femoral58 Femoral58 Femoral 22 Apical22 Apical22 Apical

Successful 
Deployment

51

Successful Successful 
DeploymentDeployment

5151

Unsuccessful 
Deployment

7

Unsuccessful Unsuccessful 
DeploymentDeployment

77

Successful 
Deployment

18

Successful Successful 
DeploymentDeployment

1818

3030--day mortality: 12.1%day mortality: 12.1%
3030--day stroke: 3.4% day stroke: 3.4% 
Logistic Logistic EuroSCOREEuroSCORE: 28%: 28%

J. Webb and colleagues

ImplantImplant
success: 88%success: 88%



p=0.15p=0.15

p=0.88p=0.88

P<0.001P<0.001
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tAVRtAVR: Vancouver Experiences: Vancouver Experiences
AV Area and GradientsAV Area and Gradients
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tAVRtAVR: Vancouver Experiences: Vancouver Experiences

Courtesy of J. WebbCourtesy of J. Webb

Symptom StatusSymptom Status



Six Month Results from the Six Month Results from the 
PePeRRcutaneouscutaneous EEndondoVVascularascular

IImplantation of mplantation of VALVALvesves Trial in Trial in 
High Risk Patients with Critical High Risk Patients with Critical 

Aortic StenosisAortic Stenosis

Susheel K. Kodali, William OSusheel K. Kodali, William O’’Neill, Neill, 
Jeffrey W. Moses, Jeffrey W. Moses, SamirSamir KapadiaKapadia, , 
Mathew Williams, George Mathew Williams, George HanzelHanzel, , 

Allan Stewart, Murat Tuzcu, Michael Collins, Allan Stewart, Murat Tuzcu, Michael Collins, 
and Martin B. Leonand Martin B. Leon



Malpositioned valve 1MalpositionedMalpositioned valve 1valve 1

US Retrograde US Retrograde CribierCribier--Edwards ExperienceEdwards Experience

Unable to cross 3Unable to cross 3Unable to cross 3

55 Patients*55 Patients*55 Patients*

Trans-femoral
55

TransTrans--femoralfemoral
5555

Unsuccessful 
Deployment

7

Unsuccessful Unsuccessful 
DeploymentDeployment

77

3030--day Mortality: 7.3% (4) day Mortality: 7.3% (4) 
3030--day MACCE: 18.2% (10) day MACCE: 18.2% (10) 
Logistic Logistic EuroSCOREEuroSCORE: 33%: 33%
STS score: 13%STS score: 13%

PI: Wm OPI: Wm O’’NeillNeill

Centers:Centers:
29 Columbia29 Columbia
15 Beaumont 15 Beaumont 
11 Cleveland 11 Cleveland 

ClinicClinic

REVIVAL IIREVIVAL II

* * Updated April, 2007Updated April, 2007

Failed access 3Failed access 3Failed access 3

ImplantImplant
success: 87%success: 87%

Successful 
Deployment

48

Successful Successful 
DeploymentDeployment

4848



REVIVAL IIREVIVAL II –– Clinical OutcomesClinical Outcomes

7 (12.7%)7 (12.7%)5 (9.0%)5 (9.0%)5 (9.0%)5 (9.0%)NeurologicNeurologic eventsevents

3 (5.5%)**3 (5.5%)**3 (5.5%)**3 (5.5%)**3 (5.5%)**3 (5.5%)**Renal failure (Renal failure (reqreq dialysis)dialysis)
000000Device migration (postDevice migration (post--proc)proc)

1 (1.8%)1 (1.8%)
7 (12.7%)7 (12.7%)

00

1 (1.8%)1 (1.8%)
4 (7.4%)4 (7.4%)

10 (18.2%)10 (18.2%)

< 30 Day< 30 Day

2 (3.6%)2 (3.6%)
7 (12.7%)7 (12.7%)

00

1 (1.8%)1 (1.8%)
9 (16.4%)9 (16.4%)

18 (30.9%)18 (30.9%)

6 Months *6 Months *InIn--HospitalHospital

OtherOther

00
7 (12.7%)7 (12.7%)

00

1 (1.8%)1 (1.8%)
4 (7.4%)4 (7.4%)

10 (18.2%)10 (18.2%)MACCEMACCE

Repeat balloon dilatationRepeat balloon dilatation
Vascular complicationVascular complication

MIMI
DeathDeath

ReopReop for valve failurefor valve failure

* * Two patients have not reached six month time point yetTwo patients have not reached six month time point yet
** One patient on CVVHD prior to valve implantation** One patient on CVVHD prior to valve implantation



REVIVAL IIREVIVAL II
LVEF Following Valve ImplantationLVEF Following Valve Implantation
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REVIVAL IIREVIVAL II
Aortic RegurgitationAortic Regurgitation

Post Procedure (n=48)Post Procedure (n=48)

None
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•• Poor vascular accessPoor vascular access

•• AoAo arch pathology (bulky arch pathology (bulky 
atheromaatheroma or porcelain or porcelain AoAo))

•• Retrograde AV crossing Retrograde AV crossing 
difficulties difficulties 

PreferredPreferred

TranscatheterTranscatheter AVR Technologies AVR Technologies 

Transcatheter
AVR

TranscatheterTranscatheter
AVRAVR

Trans-apical
(OR)

TransTrans--apicalapical
(OR)(OR)



Transapical Transcatheter Transapical Transcatheter 
AVR Implantation (AVR Implantation (AscendraAscendra))



CribierCribier--EdwardsEdwards™™ and Edwards SAPIENand Edwards SAPIEN™™ THV* THV* 
Aortic Bioprosthesis Enrollment Aortic Bioprosthesis Enrollment (March 22, 2007)(March 22, 2007)

391 391 
Patients*Patients*

AntegradeAntegrade
(n=58)(n=58)

RetrogradeRetrograde
(n=195)(n=195)

TransapicalTransapical
(n=138)(n=138)

9 US9 US
49 OUS49 OUS

75 Vancouver75 Vancouver
55 US55 US

65 OUS65 OUS

30 Vancouver30 Vancouver
88 OUS88 OUS
20 US20 US

*  *  The Edwards SAPIENThe Edwards SAPIEN™™ valve incorporates bovine pericardial tissue and TFXvalve incorporates bovine pericardial tissue and TFX™™ treatmenttreatment



WhatWhat’’s in a Name?s in a Name?

PPlacement of acement of AAooRTRTicic TraTraNNscathetscathetERER
ValvesValves



Evolution of Evolution of ””PARTNERPARTNER””
Trial DESIGNTrial DESIGN

PARTNER EUPARTNER EU
MultiMulti--center, multicenter, multi--national, national, 

single arm, prospective,single arm, prospective,
consecutive, stratificationconsecutive, stratification

10 Sites, 8 countries10 Sites, 8 countries
6 month enrollment period6 month enrollment period

PARTNER USPARTNER US
MultiMulti--center, stratifiedcenter, stratified

Randomized controlled trialRandomized controlled trial
15 sites, US15 sites, US

18 month enrollment period18 month enrollment period

Overlapping and common objectives Overlapping and common objectives 



PARTNER EU, NonPARTNER EU, Non--randomized randomized 
Trial Trial -- 125 Patients125 Patients

High Risk Symptomatic Critical High Risk Symptomatic Critical 
Aortic Aortic StenosisStenosis

TransfemoralTransfemoral TransapicalTransapical

EligibilityEligibility



PARTNER US, Randomized Trials PARTNER US, Randomized Trials 
Total = 600 PatientsTotal = 600 Patients

Medical ManagementMedical Management
Superiority, n=250Superiority, n=250
1:1 Randomization1:1 Randomization

SAPIEN THVSAPIEN THVBest Medical Best Medical TxTx SAPIEN THVSAPIEN THVSurgical AVRSurgical AVR

High Risk Symptomatic High Risk Symptomatic 
Critical Aortic Critical Aortic StenosisStenosis

““operableoperable”” ??

Surgical AVRSurgical AVR
NonNon--inferiority, n=350inferiority, n=350

1:1 Randomization1:1 Randomization

1ry endpoint = 1ry endpoint = 
mortality @ 1 yrmortality @ 1 yr

PIs: M. LeonPIs: M. Leon
& C. Smith& C. Smith



tAVRtAVR: : CoreValveCoreValve

• FIM - E. Grube, J.C. Laborde
• Single layer porcine pericardium
• Tri-leaflet configuration
• Tissue valve sutured to frame
• Scalloped skirt
• Standard tissue fixation

techniques
• 200M cycle AWT testing
completed



Generation 1

25F

Generation 2

21F
Generation 3

18F (75 pts)

20042004--20052005 20052005--20062006 May 2006May 2006

14 patients14 patients 65 65 patientspatients

* * UpdatedUpdated March 26, 2007March 26, 2007

CoreValveCoreValve SelfSelf--ExpandingExpanding BioprosthesisBioprosthesis
ClinicalClinical ExperienceExperience: 154 Patients*: 154 Patients*

ongoingongoing
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ProceduralProcedural
successsuccess

3030--day day 
mortalitymortality

25 Fr (n = 14)25 Fr (n = 14) 21 Fr (n = 58)21 Fr (n = 58)

Improved results with increased operator experience Improved results with increased operator experience 
and reduction in catheter size from 25F to 21Fand reduction in catheter size from 25F to 21F

CoreValveCoreValve SelfSelf--ExpandingExpanding BioprosthesisBioprosthesis
ClinicalClinical ExperienceExperience: 72 Patients*: 72 Patients*

86%

13%

43%

91%

* * UpdatedUpdated August, 2006August, 2006
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PRE POST

41.2

9.1

Mean gradient PostMean gradient Post ( mm Hg)( mm Hg)
9.1 9.1 ±± 4.5 [04.5 [0--19]19]

ASAASA ((cmcm2 2 ))
1.59 1.59 ±± 0.40 0.40 [1.1[1.1--2.32.3]]

N=57N=57

CoreValveCoreValve 21F 21F ExperienceExperience
PostPost--procedure Result (TEE)procedure Result (TEE)

*Annulus<19mm*Annulus<19mm



Paravalvular leakParavalvular leak
0 0 18     18     31 %31 %

II 29     29     51 %51 %

IIII 99 16 %16 %

III/IVIII/IV 1*1* 2 %2 %

* Type A Aortic dissection* Type A Aortic dissection

N=57N=57

CoreValveCoreValve 21F 21F ExperienceExperience
PostPost--procedure Result (TEE)procedure Result (TEE)



CoreValve 21F CoreValve 21F ExperienceExperience::
InIn--HospitalHospital Major ComplicationsMajor Complications

HighHigh--Risk             Inoperable      OverallRisk             Inoperable      Overall
(N=50)(N=50) (N=13)            (N=63)(N=13)            (N=63)

logistic EUROSCORElogistic EUROSCORE 23.4% 23.4% 31.6%             25.4%31.6%             25.4%

InIn--hospital mortalityhospital mortality 8.0%8.0% (4) (4) 30.8%30.8% (4)       (4)       12.712.7%% (8)(8)

Conversion to surgeryConversion to surgery 8.0% (4)*8.0% (4)* -- 6.4% (4)6.4% (4)

Discharged and well  Discharged and well  86% (43) 86% (43) 54% (7)**        80% (50)54% (7)**        80% (50)

Discharged inclusive of surgery & BAV only         87% (55)Discharged inclusive of surgery & BAV only         87% (55)

*   High risk group:    1 converted patient died*   High risk group:    1 converted patient died
** Inoperable group : 2 patients had BAV alone ** Inoperable group : 2 patients had BAV alone –– intent to treatintent to treat



CoreValve 21F CoreValve 21F ExperienceExperience
LifetableLifetable Analysis (n=50)Analysis (n=50)
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3 6 9 12

6143144

†††† †† ††

DC DC TiclopidinTiclopidin, Aspirin alone, Aspirin alone

Mean followMean follow--up (months) :up (months) : 6.9 6.9 ±± 3.5 [13.5 [1--14]14]
†† No valve dysfunction and noNo valve dysfunction and no--device related deathdevice related death

Months

%



CoreValve CoreValve ReValvingReValvingTMTM SystemSystem
18 Fr Delivery System18 Fr Delivery System

SelfSelf--expanding expanding nitinolnitinol frame, porcine pericardialframe, porcine pericardial
valve, and 18 Fr sheathed delivery system valve, and 18 Fr sheathed delivery system 

(12 Fr shaft body)(12 Fr shaft body)



CoreValve CoreValve ReValvingReValvingTMTM SystemSystem
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20052005--20062006

Generation 2

21F21F

Heart Lung 
Machine

65 patients65 patients

Anesthesia

20042004--20052005

25F25F

Generation 1 

14 patients14 patients

Heart Lung 
Machine

Anesthesia

Access 
Cutdown

May 06May 06 Nov 06

RVRV
pacingpacing

Anesth

18F18F

Heart Lung 
Machine

Anesthesia

Generation 3

NoNo
supportsupport

75 patients 75 patients -- ongoingongoing

Technology ProgressTechnology Progress



30 Day Outcomes

10 [31]10 [31]9 [20]9 [20]19 [25] 19 [25] Overall MACCE, n [%]Overall MACCE, n [%]

3 [9]3 [9]1 [2]1 [2]4 [4]4 [4]Cardiac tamponade, n [%]Cardiac tamponade, n [%]

3 [9]3 [9]4 [9]4 [9]7 [9]7 [9]Stroke, n [%]Stroke, n [%]

001 [2]1 [2]1 [1]1 [1]MI, n [%]MI, n [%]

3 [9]3 [9]3 [7]3 [7]6 [8]6 [8]-- Cardiovascular death, n [%]Cardiovascular death, n [%]

4 [13]4 [13]3 [7]3 [7]7 [9]7 [9]Death, n [%]Death, n [%]

N=32N=32N=44N=44N=76N=76patients with acute device successpatients with acute device success

18 Fr18 Fr21 Fr21 FrOverallOverall

^Siegburg, Leipzig, Montreal

**SiegburgSiegburg, Leipzig, and Montreal, Leipzig, and Montreal

CoreValveCoreValve StudyStudy -- 3 Center 3 Center ExperienceExperience**
21F and 18 F21F and 18 F



The FutureThe Future
and Conclusionsand Conclusions……

TranscatheterTranscatheter AVR  AVR  



Future Aortic Valve ConceptsFuture Aortic Valve Concepts

•• Other stentOther stent--valve designsvalve designs
BonhoefferBonhoeffer
(bovine jugular vein)(bovine jugular vein)
AorTechAorTech
PaniaguaPaniagua ((EndoTechEndoTech))
3F (apical) 3F (apical) 
PalmazPalmaz--Bailey Bailey 
(nanotech(nanotech--nitinolnitinol))
Direct FlowDirect Flow
AorTxAorTx
SadraSadra Lotus valveLotus valve



TranscatheterTranscatheter Valve Therapy Valve Therapy 
Next Generation DevicesNext Generation Devices

Sadra

AorTx

DirectFlow

Lower profile, repositionable, less Lower profile, repositionable, less pARpAR



FUTUREFUTURE Candidates for Candidates for 
TranscatheterTranscatheter AVRAVR

AR 
patients

AR AR 
patientspatients

Severe ASSevere ASSevere AS

Normal and High 
Surgical Risk

Normal and High Normal and High 
Surgical RiskSurgical Risk

ACC/AHA Class I and ACC/AHA Class I and IIaIIa
((SympSymp and and AsympAsymp))

Failed 
AVR

Failed Failed 
AVRAVR

tAVR
+ PCI
tAVRtAVR
+ PCI+ PCI

tAVR
+ MR Rx

tAVRtAVR
+ MR Rx+ MR Rx



•• For stenotic valvesFor stenotic valves
Pulmonary (or valve Pulmonary (or valve 
conduit) conduit) stenosisstenosis
(a/o regurgitation(a/o regurgitation
Aortic stenosis Aortic stenosis 
Mitral stenosisMitral stenosis

•• For For regurgitantregurgitant valvesvalves
Aortic regurgitationAortic regurgitation
Mitral regurgitationMitral regurgitation

Transcatheter Valve TherapyTranscatheter Valve TherapyTranscatheter Valve Therapy



MR Demographics:MR Demographics:
Disease Etiology and SeverityDisease Etiology and Severity

EtiologyEtiology SeveritySeverity

20%20%

30%30%

50%50% 35%35%
50%50%

15%15%

FunctionalFunctional
MixedMixed

DegenerativeDegenerative SevereSevere
ModerateModerate

MildMild



PercutaneousPercutaneous
MV RepairMV Repair

EdgeEdge--toto--edgeedge
•• eValveeValve
•• Edwards Edwards MobiusMobius

Coronary sinus annuloplastyCoronary sinus annuloplasty
•• Cardiac DimensionsCardiac Dimensions
•• Edwards Edwards MonarcMonarc
•• ViacorViacor

Indirect annuloplastyIndirect annuloplasty
•• Ample PS3Ample PS3
•• St. Jude St. Jude 
•• ii--CoapsysCoapsys

Direct annuloplastyDirect annuloplasty
•• MitralignMitralign
•• Guided Delivery SystemsGuided Delivery Systems
•• QuantumCorQuantumCor
•• MiCardiaMiCardia



Percutaneous Treatment of Percutaneous Treatment of 
Mitral RegurgitationMitral Regurgitation

EdgeEdge--toto--Edge ApproachesEdge Approaches
Permanent leafletPermanent leaflet--toto--leaflet approximation leaflet approximation 
using a clip or sutures + clipusing a clip or sutures + clip
TransTrans--septal approachseptal approach
EchocardiographicEchocardiographic and fluoroscopy and fluoroscopy 
guidance on a beating heartguidance on a beating heart
CompaniesCompanies
•• EvalveEvalve
•• Edwards (Edwards (MilanoMilano II = MOBIUS) II = MOBIUS) 



SophistocatedSophistocated Delivery Systems Delivery Systems ((EvalveEvalve))



EVEREST I & II Registry EnrollmentEVEREST I & II Registry Enrollment
with 30 day Core Lab Followwith 30 day Core Lab Follow--UpUp

nnPopulationPopulationStudyStudy

4949NonNon--randomized randomized 
patientspatients
(Excluding High Risk Registry)(Excluding High Risk Registry)

EVEREST IIEVEREST II
(Pivotal)(Pivotal)

104104TotalTotal

5555All patients enrolledAll patients enrolledEVEREST IEVEREST I
(Feasibility)(Feasibility)

•• 2929 North AmericanNorth American sitessites
•• 72% are 172% are 1stst, 2, 2ndnd, or 3, or 3rdrd procedure at a siteprocedure at a site



EVEREST I & IIEVEREST I & II
Key Key Eligibility CriteriaEligibility Criteria

•• Age 18 years or olderAge 18 years or older
•• Moderate to severe (3+) or severe (4+) MRModerate to severe (3+) or severe (4+) MR

•• SymptomaticSymptomatic
•• Asymptomatic with LVEF <60% or LVESD >45mmAsymptomatic with LVEF <60% or LVESD >45mm

ACC/AHA Task Force Guidelines JACC 1998;32:1486ACC/AHA Task Force Guidelines JACC 1998;32:1486

•• MR originates from A2MR originates from A2--P2 malP2 mal--coaptationcoaptation
•• Core lab echo assessmentCore lab echo assessment

ASE Guideline  ASE Guideline  -- JASE 2003;16:777JASE 2003;16:777--802802

•• Candidate for mitral valve surgery including CPBCandidate for mitral valve surgery including CPB
•• TransseptalTransseptal deemed feasibledeemed feasible
•• Key Exclusions Key Exclusions 

EF < 25% or LVESD > 55 mmEF < 25% or LVESD > 55 mm
Renal insufficiencyRenal insufficiency
Endocarditis, rheumatic heart diseaseEndocarditis, rheumatic heart disease



EVEREST I & II RegistryEVEREST I & II Registry
MR Etiology (104 pts)MR Etiology (104 pts)

23 (22%)23 (22%)FunctionalFunctional

56 (69%)56 (69%)
25 (31%)25 (31%)

Posterior Prolapse/Flail    Posterior Prolapse/Flail    
Anterior/BiAnterior/Bi--leaflet leaflet 

Prolapse/FlailProlapse/Flail

81 (78%)81 (78%)Degenerative/MixedDegenerative/Mixed



EVEREST I & II RegistryEVEREST I & II Registry
30 Day MACE (104 pts)30 Day MACE (104 pts)

00Renal failureRenal failure

11Death Death –– Unrelated to ClipUnrelated to Clip
11Stroke (>72 hours)Stroke (>72 hours)

11NonNon--elective Cardiac Surgeryelective Cardiac Surgery
33Bleeding requiring transfusionBleeding requiring transfusion
00Myocardial InfarctionMyocardial Infarction
00SepticemiaSepticemia

94%94%Freedom from Major Adverse Freedom from Major Adverse 
Cardiac EventsCardiac Events

6/104 (6%)6/104 (6%)



61% ≤1+

EVEREST I & II RegistryEVEREST I & II Registry
Procedural Results (104 pts)Procedural Results (104 pts)



EVEREST I & II RegistryEVEREST I & II Registry
Clinical Improvement after Procedural SuccessClinical Improvement after Procedural Success

1212--Months vs. Baseline (Matched Data)Months vs. Baseline (Matched Data)

17

38

24
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25%

50%

75%

100%

Baseline 12 Months

Pe
rc

en
t

Class III-IV

Class I-II

73% (30/41) Improved
24% (10/41) No Change
3%   (1/41) Worsened to Class II



EVEREST I & II RegistryEVEREST I & II Registry
Event Free Clinical SuccessEvent Free Clinical Success

Patients with Acute Procedural Success (79 pts)Patients with Acute Procedural Success (79 pts)

Freedom from death, mitral valve surgery, & MR>2

99% 97% 97% 97% 97%100%

90% 87%
86% 86% 86% 85%

67%68%68%68%
72%

85%

0%
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Freedom From Death

Freedom From Surgery

Freedom From Death, Surgery or MR >2+

n = Reached 
Endpoint68 61 4279 36 28



•• Potential issuesPotential issues
Technically complexTechnically complex
Inclusion criteria may                                          Inclusion criteria may                                          
limit applicationlimit application
Will it work without                               Will it work without                               
concomitant                                         concomitant                                         
annuloplasty?annuloplasty?
Durability of repair? Durability of repair? 
EndocarditisEndocarditis
Leaflet degeneration and stressLeaflet degeneration and stress

•• Might be used Might be used withwith annuloplasty devicesannuloplasty devices

The Edge to Edge Approach          The Edge to Edge Approach          
to Mitral Regurgitationto Mitral Regurgitation



Percutaneous Treatment of Percutaneous Treatment of 
Mitral RegurgitationMitral Regurgitation

Coronary Sinus Coronary Sinus AnnuloplastyAnnuloplasty
Takes advantage of the close proximity of Takes advantage of the close proximity of 
the coronary sinus to the the coronary sinus to the mitralmitral annulusannulus
Easy access to the coronary sinus via Easy access to the coronary sinus via 
right heart (jugular or femoral)right heart (jugular or femoral)
CompaniesCompanies
•• Edwards MONARCEdwards MONARC
•• Cardiac DimensionsCardiac Dimensions
•• ViacorViacor



Indirect Indirect AnnuloplastyAnnuloplasty: Issues and : Issues and 
Problems Problems -- CS to MA SeparationCS to MA Separation

12.17±3.24mm

7.84±2.75 mm

10.35±1.96mm

Courtesy Samir Kapadia, MD, Cleveland 
Clinic Foundation (JACC in press)

P3       P2

Mean (mm)    9.7       5.7

Median           9          5

Maselli et al, Circ 2006;114:377-380



Indirect Indirect AnnuloplastyAnnuloplasty: Issues and : Issues and 
Problems Problems -- Relation of LCX and CSRelation of LCX and CS

LCX “under” CS

80%

LCX “Over” CS

20%

Courtesy Courtesy SamirSamir KapadiaKapadia, MD, Cleveland Clinic, MD, Cleveland Clinic

Maselli et al: Circ 2006;114:377-380 

LCx crossed under 64%

Diag / ramus 16%



Edwards MONARC SystemEdwards MONARC System

Handle
Sliding 
Knob

Location of 
Implant 

(Internal)

12F guiding catheter
9F delivery system

Distal AnchorDistal AnchorProximal AnchorProximal Anchor

BridgeBridge

Elongated bridge                   Foreshortened state
at implant                                at ~4-6 weeks



Proximal Proximal 
AnchorAnchorForeshorteningForeshortening

Distal AnchorDistal Anchor

Edwards MONARC SystemEdwards MONARC System

Foreshortening ImplantForeshortening Implant



EVOLUTION (n=59 implants) EVOLUTION (n=59 implants) 
Safety endpoint analysisSafety endpoint analysis

33 Patients at Risk

4 Events

26 Patients at Risk

5 Events

14 Patients at Risk

6 Events

Death, MI, or
Cardiac Tamponade

91.4% at 30 
Days

Device Related
1 – MI (diagonal compression)
2 – Tamponade



EVOLUTION study EVOLUTION study 
interim performance datainterim performance data

0
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Baseline 30 Days 90 Days 180 Days
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Mean MR Reduction over Time

Sustained Device 
Tension

Active Device 
Foreshortening 

(6 Weeks)

-Baseline Grade 3-4+-Baseline Grade 2-4+

1.6

3.4

1.4

2.7

(n = 22)

(n = 7)

(n = 42)

(n = 13)

(n = 14)

(n = 15)

(n = 30)
(n = 27)

2.6
2.3

2.1 2.0

(n =13)

(n = 13)



EVOLUTION studyEVOLUTION study
interim performance datainterim performance data

Sustained Device 
Tension

Active Device 
Foreshortening 

(6 Weeks)

0%

20%

40%

60%

80%

100%

Baseline 30 days 90 days 180 days

53%
63%

92%

-Baseline Grade 2-4+

(n = 42)

(n = 30)

(n = 27)
(n = 13)

% pts reduced MR % pts reduced MR >> 1 grade1 grade



•• Potential problemsPotential problems
? Ability to reduce annulus in all patients? Ability to reduce annulus in all patients
•• Relationship of CS to MV not perfect in ~20%Relationship of CS to MV not perfect in ~20%
•• Mitral annular calcification?Mitral annular calcification?
•• Acute vs. sustained results?Acute vs. sustained results?

Potential pinching of Potential pinching of LCxLCx arteryartery
Risk of CS thrombosis/occlusionRisk of CS thrombosis/occlusion
Risk of CS erosion/perforationRisk of CS erosion/perforation

The Coronary Sinus Approach The Coronary Sinus Approach 
to to MitralMitral RegurgitationRegurgitation

If it works, this approach would be the simplest   If it works, this approach would be the simplest   
and most practical for many and most practical for many interventionalistsinterventionalists



Percutaneous Treatment of Percutaneous Treatment of 
Mitral RegurgitationMitral Regurgitation

Indirect Indirect AnnuloplastyAnnuloplasty ApproachesApproaches
Coronary sinus to RA or transCoronary sinus to RA or trans--ventricular ventricular 
approaches to reduce approaches to reduce mitralmitral annulus dimensions annulus dimensions 
and correct ventricular remodeling (and correct ventricular remodeling (iCoapsysiCoapsys) ) 
EchocardioraphyEchocardioraphy and fluoroscopy guidance on a and fluoroscopy guidance on a 
beating heartbeating heart
CompaniesCompanies

•• Ample PS3Ample PS3
•• St. JudeSt. Jude
•• iCoapsysiCoapsys



iiCoapsysCoapsys Implant & TherapyImplant & Therapy

•• TransTrans--pericardial accesspericardial access
•• External External epicardialepicardial implantimplant
•• ICE, TEE, and ICE, TEE, and fluorofluoro

guidanceguidance
•• Mechanism of actionMechanism of action

Annular reductionAnnular reduction
•• AP dimensionAP dimension
•• CinchingCinching

Papillary muscle repositioningPapillary muscle repositioning
LV remodeling and stress LV remodeling and stress 
reductionreduction

Mitral valveRight 
Ventricle

Anterior
Pad

Sub-valvular chord

Left 
Ventricle

Anterior pad Posterior pad

Flexible chord

Posterior 
Pad

Device positioningDevice positioning



Percutaneous Treatment of Percutaneous Treatment of 
Mitral RegurgitationMitral Regurgitation

Direct Direct AnnuloplastyAnnuloplasty ApproachesApproaches
Multiple techniques using suture/anchor Multiple techniques using suture/anchor plicationplication, , 
RF thermal contraction of the annulus, or external RF thermal contraction of the annulus, or external 
RF reshaping of an implanted annular ringRF reshaping of an implanted annular ring
TransTrans--ventricular approaches using echo and ventricular approaches using echo and 
fluoroscopy guidancefluoroscopy guidance
CompaniesCompanies

•• MitralignMitralign
•• Guided Delivery SystemsGuided Delivery Systems
•• QuantumcorQuantumcor
•• MicardiaMicardia



The The MitralignMitralign SolutionSolution

•• Coronary sinus Coronary sinus 
positioning catheterpositioning catheter

•• Central placement (@ P2) Central placement (@ P2) 
of RFof RF--driven transdriven trans--
annular wire (LV to LA)annular wire (LV to LA)

•• Lateral placement of Lateral placement of 
additional RFadditional RF--driven driven 
transtrans--annular wiresannular wires

•• PledgetedPledgeted sutures and sutures and 
locklock--up for up for plicationplication



Mitralign Direct (suture Mitralign Direct (suture plicationplication) ) 
AnnuloplastyAnnuloplasty SystemSystem

Trans-ventricular 
Approach

Before and After Implant
Atrial View



Final Thoughts - 1Final Thoughts Final Thoughts -- 11

•• We are entering a new exciting era: lesserWe are entering a new exciting era: lesser--
invasiveinvasive transcathetertranscatheter treatment of treatment of valvularvalvular
heart disease.heart disease.

•• There is a There is a clear unmet clinical needclear unmet clinical need –– many many 
patients with patients with valvularvalvular heart disease are poorly heart disease are poorly 
served with either surgery or medical therapy served with either surgery or medical therapy 

•• A potpourri of A potpourri of innovative devices and conceptsinnovative devices and concepts
are being explored focusing on therapies for are being explored focusing on therapies for 
aortic aortic stenosisstenosis and and mitralmitral regurgitation.regurgitation.

TranscatheterTranscatheter Valve Therapy Valve Therapy 



TranscatheterTranscatheter Valve Therapy Valve Therapy 
Aortic Aortic StenosisStenosis

Cribier-Edwards
391 patients

CoreValve
154 patients

First Generation DevicesFirst Generation Devices



TranscatheterTranscatheter Valve Therapy Valve Therapy 
MitralMitral RegurgitationRegurgitation

Coronary Sinus Annuloplasty
~85 patients

Edge-to-Edge Repair
~200 patients

First Generation DevicesFirst Generation Devices

EvalveEvalve

MobiusMobius

CarillonCarillonViacorViacor

MonarcMonarc



Final Thoughts - 2Final Thoughts Final Thoughts -- 22

•• TranscatheterTranscatheter AVRAVR has been performed in ~550 has been performed in ~550 
pts worldwide and pts worldwide and proofproof--ofof--concept has been concept has been 
validatedvalidated with both balloon expandable and with both balloon expandable and 
selfself--expanding platformsexpanding platforms…… pivotal pivotal RCTsRCTs are are 
beginning in the U.S.beginning in the U.S.

•• The The multifactorialmultifactorial etiologies of MRetiologies of MR have led to have led to 
many diverse many diverse transcathetertranscatheter solutions, but solutions, but most most 
devices and treatment strategies are still in the devices and treatment strategies are still in the 
formative stagesformative stages, with a longer gestation period , with a longer gestation period 
required to assess performance and plan required to assess performance and plan RCTsRCTs..

TranscatheterTranscatheter Valve Therapy Valve Therapy 



Final Thoughts - 3Final Thoughts Final Thoughts -- 33

•• A positive byA positive by--product of product of transcathetertranscatheter valve valve 
therapies has been a rejuvenated working therapies has been a rejuvenated working 
relationship between relationship between interventionalistsinterventionalists and and 
surgeons; surgeons; a dedicated multidisciplinary team is a dedicated multidisciplinary team is 
absolutely essential!absolutely essential!

TranscatheterTranscatheter Valve Therapy Valve Therapy 


