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TAVR TAVR TechnologiesTechnologies

Current Generation DevicesCurrent Generation Devices

~ 25,000~ 25,000 patients treated thru 2010patients treated thru 2010 25,000  25,000 patients treated thru 2010patients treated thru 2010
in > 425 interventional centersin > 425 interventional centers

around the world!around the world!

Edwards LifesciencesEdwards Lifesciences Medtronic CoreValveMedtronic CoreValve

around the world!around the world!

Edwards LifesciencesEdwards Lifesciences Medtronic CoreValveMedtronic CoreValve



TAVR CategoriesTAVR Categories
( i k i ti )( i k i ti )(risk is a continuum)(risk is a continuum)

Operable AS patientsOperable AS patients

Inoperable
Too Sick

Low-Intermediate Risk
High Risk

90% 10%
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PARTNER Study DesignPARTNER Study Design

Symptomatic Severe Aortic Stenosis

ASSESSMENT: High-Risk AVR Candidate
3,105 Total Patients Screened

ASSESSMENT: High-Risk AVR Candidate
3,105 Total Patients Screened

Total = 1,057 patients
N = 699 N = 358High RiskHigh Risk InoperableInoperable2 Parallel Trials: 

Individually Powered
ASSESSMENT: ASSESSMENT: 
Transfemoral 

Access
Transfemoral 

Access

Yes No

Not In Study1:1 Randomization

N = 179 N = 179
Standard
TherapyTF TAVR

Primary Endpoint: All-Cause Mortality 
Over Length of Trial (Superiority)
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Over Length of Trial (Superiority)
Co-Primary Endpoint: Composite of All-Cause Mortality

and Repeat Hospitalization (Superiority)
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TranscatheterTranscatheter AVRAVR
Hybrid ORHybrid OR CathCath LabLabHybrid ORHybrid OR--CathCath LabLab

A unique collaborative experience!A unique collaborative experience!A unique collaborative experience!A unique collaborative experience!



Study DevicesStudy Devices

Edwards SAPIEN THV
23 and 26 mm valves 

RetroFlex
22 and 24 F sheaths

Ascendra
24 and 26 F sheaths



Primary EndpointPrimary Endpoint

• Inoperable cohort: All-cause mortality over the• Inoperable cohort: All-cause mortality over the 
duration of the trial (superiority vs. standard Rx)

• High surgical risk cohort: All-cause mortality at 
one year (non-inferiority vs. AVR)

– Analysis by intent-to-treat

C (– Crossovers not permitted (except when assigned

therapy unsuccessful)py )

– All patients followed for ≥ one year



Inclusion CriteriaInclusion Criteria

• Severe AS:Severe AS: Echo-derived AVA < 0.8 cm2 (or AVA index Severe AS:  Severe AS:  Echo derived AVA  0.8 cm (or AVA index 
< 0.5 cm2/m2) and mean AVG > 40 mm Hg or peak jet 
velocity > 4.0 m/s

• Cardiac Symptoms:  Cardiac Symptoms:  NYHA Functional Class ≥ II

• Inoperable Cohort: Risk of death or serious irreversible Risk of death or serious irreversible 
morbidity as assessed by cardiologist and two surgeonsmorbidity as assessed by cardiologist and two surgeonsmorbidity as assessed by cardiologist and two surgeons morbidity as assessed by cardiologist and two surgeons 
must exceed 50% must exceed 50% 

•• High Surgical Risk Cohort:High Surgical Risk Cohort: Predicted risk of operative•• High Surgical Risk Cohort:  High Surgical Risk Cohort:  Predicted risk of operative 
mortality ≥ 15% (determined by site surgeon and 
cardiologist); guideline = STS score ≥ 10cardiologist); guideline  STS score  10 
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PARTNER PARTNER -- Lessons LearnedLessons Learned
•• Standard therapy for patients with severe AS and Standard therapy for patients with severe AS and 

symptoms results in PROFOUND early mortality symptoms results in PROFOUND early mortality ––y p y yy p y y
worse than most metastatic cancers!worse than most metastatic cancers!

•• The HEART VALVE TEAM approach is our modelThe HEART VALVE TEAM approach is our modelThe HEART VALVE TEAM approach is our model The HEART VALVE TEAM approach is our model 
to achieve optimal TAVR clinical outcomes!to achieve optimal TAVR clinical outcomes!

MultiMulti--disciplinary physician team (including surgery)disciplinary physician team (including surgery)MultiMulti disciplinary physician team (including surgery)disciplinary physician team (including surgery)
Careful case screeningCareful case screening
HybridHybrid cathcath lablab –– ORORHybrid Hybrid cathcath lab lab OROR
Rigorous training and techniqueRigorous training and technique
Meticulous postMeticulous post--procedure managementprocedure managementMeticulous postMeticulous post procedure management procedure management 

•• TAVR is the new standardTAVR is the new standard--ofof--care for inoperable care for inoperable 
AS patients!AS patients!AS patients! AS patients! 



PARTNER PARTNER -- Lessons LearnedLessons Learned
•• TAVR is a new alternative for “high risk” operable TAVR is a new alternative for “high risk” operable 

AS patients (similar early and late mortality)AS patients (similar early and late mortality)p ( y y)p ( y y)
•• PeriPeri--procedural hazards are different with procedural hazards are different with 

TAVR vs. AVRTAVR vs. AVRTAVR vs. AVRTAVR vs. AVR
Increased strokes, vascular complications, and Increased strokes, vascular complications, and parapara--
valvularvalvular regurgitation after TAVRregurgitation after TAVRg gg g
Increased bleeding and new onset AF after AVR Increased bleeding and new onset AF after AVR 

•• Future expanded clinical indications for TAVRFuture expanded clinical indications for TAVRFuture expanded clinical indications for TAVR Future expanded clinical indications for TAVR 
and expected reduction in complications with and expected reduction in complications with 
improved technique and further device evolution! improved technique and further device evolution! p qp q
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Operable AS patientsOperable AS patients
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Standard Therapy OutcomesStandard Therapy Outcomes

All cause mortality 71.6%
s 

(%
)

All cause mortality

Mortality or major stroke

51 3%51 3%Mortality or repeat

71.6%

50 7%50 7%

CV mortality

nd
 E

ve
nt

51.3%51.3%hospitalization 50.7%50.7%

44.6%

rt
al

ity
 a

n
M

or

Months

Standard RxStandard Rx 179179 121121 8383 4141 1212



Mortality in Standard RxMortality in Standard Rx
PerspectivesPerspectivesPerspectivesPerspectives

100

5 Year Survival: Metastatic Cancer

70

80

90

40

50

60

Pe
rc

en
t

Pe
rc

en
t

23%

12%

30% 28%

20

30

40PP

3% *5%

0

10

Breast Lung Colorectal Prostate Ovarian 

3% *

Severe
I bl AS

Courtesy of Murat Tuzcu, Interventional PI, CCFCourtesy of Murat Tuzcu, Interventional PI, CCF * Constant Hazard Model

Inoperable AS



Clinical Outcomes at 30 Days and 1 YearClinical Outcomes at 30 Days and 1 Year
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5 Medical Therapies Proven to Reduce Death5 Medical Therapies Proven to Reduce Death
Conclusion: “Large clinical outcome trials mustConclusion: “Large clinical outcome trials must  
remain the basis for informing clinicians on 
which treatments improve clinical outcomes.”

ThTh I di tiI di ti # t# t R l tiR l ti Ab l tAb l t
Reduction in deathsReduction in deaths

TherapyTherapy IndicationIndication # pts# pts RelativeRelative AbsoluteAbsolute
AspirinAspirin MIMI 18,77318,773 23%23% 2.4%2.4%
FibrinolyticsFibrinolytics MIMI 58 00058 000 18%18% 1 8%1 8%FibrinolyticsFibrinolytics MIMI 58,00058,000 18%18% 1.8%1.8%
Beta blockerBeta blocker MIMI 28,97028,970 13%13% 1.3%1.3%
ACE inhibitorACE inhibitor MIMI 101,000101,000 6.5%6.5% 0.6%0.6%ACE inhibitorACE inhibitor MIMI 101,000101,000 6.5%6.5% 0.6%0.6%
AspirinAspirin 2nd prev2nd prev 54,36054,360 15%15% 1.2%1.2%
Beta blockerBeta blocker 2nd prev2nd prev 20,31220,312 21%21% 2.1%2.1%
StatinsStatins 2nd prev2nd prev 17,61717,617 23%23% 2.7%2.7%
ACE inhibitorACE inhibitor 2nd prev2nd prev 9,2979,297 17%17% 1.9%1.9%

Adapted from Granger CB and McMurray JJV 
JACC 2006; 48:434



Clinical Outcomes at 30 Days and 1 YearClinical Outcomes at 30 Days and 1 Year
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Mortality vs. Major Stroke Mortality vs. Major Stroke 
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Clinical Outcomes at 30 Days and 1 YearClinical Outcomes at 30 Days and 1 Year
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Clinical Outcomes at 30 Days and 1 YearClinical Outcomes at 30 Days and 1 Year
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Aortic Valve Areas Aortic Valve Areas Over TimeOver Time
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Paravalvular Regurgitation: TAVIParavalvular Regurgitation: TAVI
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NYHA Class Over TimeNYHA Class Over Time
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PARTNER QOL AnalysesPARTNER QOL Analyses

TAVR not only TAVR not only TAVR not only TAVR not only yy
adds years to life, adds years to life, 

b t lb t l

yy
adds years to life, adds years to life, 

b t lb t lbut also,but also,
adds life to years!adds life to years!

but also,but also,
adds life to years!adds life to years!adds life to years! adds life to years! adds life to years! adds life to years! 



Cost-Effectiveness of TAVR vs. Control 
Lifetime ResultsLifetime Results

∆Cost = $79 837∆Cost = $79 837$100,000 per LY$100,000 per LY ∆Cost  $79,837        
∆ LE = 1.59 years

ICER = $50,212/LYG

∆Cost  $79,837        
∆ LE = 1.59 years

ICER = $50,212/LYG

$$$50,000 per LY$50,000 per LY



Published Cost Effectiveness Estimates
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MainMainMain Main 
Outcomes:Outcomes:Outcomes:Outcomes:
High RiskHigh RiskHigh RiskHigh Risk



High Risk: Patient Characteristics High Risk: Patient Characteristics --1 1 

Characteristic TAVR (N = 348) AVR (N = 351) p-value

Age (yr) 83.6 ± 6.8 84.5 ± 6.4 0.07

Male sex - % 57.8 56.7 0.82

STS Score 11.8 ± 3.3 11.7 ± 3.5 0.61

Logistic EuroSCORE 29.3 ± 16.5 29.2 ± 15.6 0.93
NYHA 0 79NYHA

II - %
III or IV - % 94.3 94.0

CAD % 74 9 76 9 0 59

5.7 6.0
0.79

CAD - % 74.9 76.9 0.59

Previous MI - % 26.8 30.0 0.40

Prior CV Intervention - % 72.1 71.6 0.93

Prior CABG - % 42.6 44.2 0.70

Prior PCI - % 34.0 32.5 0.68

Prior BAV - % 13.4 10.2 0.24

29.3 27.4 0.60Cerebrovascular disease - %



High Risk: Patient Characteristics High Risk: Patient Characteristics --2 2 

CharacteristicCharacteristic TAVR (N = 348)TAVR (N = 348) AVR (N = 351)AVR (N = 351) pp--valuevalue

Peripheral vascular disease - % 43.0 41.6 0.76
COPD

Any 43 4 43 0 0 94Any 43.4            

Oxygen dependent 9.2 7.1 0.34

Creatinine > 2mg/dL - % 11.1 7.0 0.06

43.0 0.94

g

Atrial fibrillation - % 40.8 42.7 0.75

Permanent pacemaker - % 20.0 21.9 0.58

Pulmonary hypertension - % 42.4 36.4 0.15

Frailty - % 15.6 17.6 0.58

Porcelain aorta - % 0.6 1.1 0.69

Chest wall radiation - % 0.9 0.9 1.00

Liver disease - % 2.0 2.6 0.80



Primary Endpoint:
All-Cause Mortality at 1 Year

0.5
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HR [95% CI] =
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0 1
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0 6 12 18 24
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All-Cause Mortality at 30 Days and 1 Year 
Patient Subgroups

All-Cause Mortality at 30 Days

Patient Subgroups

All Patients
no. of patients ( %)

TF Patients
no. of patients ( %)

TA Patients
no. of patients ( %)

TAVR AVR p-value TAVR AVR p-value TAVR AVR p-value

ITT 12 (3.4) 22 (6.5) 0.07 8 (3.3) 15 (6.2) 0.13 4 (3.8) 7 (7.0) 0.32

AT 18 (5 2) 25 (8 0) 0 15 9 (3 7) 18 (8 2) 0 05 9 (8 7) 7 (7 6) 0 79AT 18 (5.2) 25 (8.0) 0.15 9 (3.7) 18 (8.2) 0.05 9 (8.7) 7 (7.6) 0.79

All-Cause Mortality at 1 YearAll Cause Mortality at 1 Year
All Patients

no. of patients ( %)
TF Patients

no. of patients ( %)
TA Patients

no. of patients ( %)

TAVR AVR p-value TAVR AVR p-value TAVR AVR p-valueTAVR AVR p value TAVR AVR p value TAVR AVR p value

ITT 84 (24.2) 89 (26.8) 0.44 54 (22.2) 62 (26.4) 0.29 30 (29.0) 27 (27.9) 0.85

AT 81 (23.7) 78 (25.2) 0.64 51 (21.3) 55 (25.2) 0.33 30 (29.1) 23 (25.3) 0.55



All-Cause Mortality at 30 Days and 1 Year 
Patient Subgroups

All-Cause Mortality at 30 Days

Patient Subgroups

All Patients
no. of patients ( %)

TF Patients
no. of patients ( %)

TA Patients
no. of patients ( %)

TAVR AVR p-value TAVR AVR p-value TAVR AVR p-value

ITT 12 (3.4) 22 (6.5) 0.07 8 (3.3) 15 (6.2) 0.13 4 (3.8) 7 (7.0) 0.32

AT 18 (5 2) 25 (8 0) 0 15 9 (3 7) 18 (8 2) 0 05 9 (8 7) 7 (7 6) 0 79AT 18 (5.2) 25 (8.0) 0.15 9 (3.7) 18 (8.2) 0.05 9 (8.7) 7 (7.6) 0.79

All-Cause Mortality at 1 YearAll Cause Mortality at 1 Year
All Patients

no. of patients ( %)
TF Patients

no. of patients ( %)
TA Patients

no. of patients ( %)

TAVR AVR p-value TAVR AVR p-value TAVR AVR p-valueTAVR AVR p value TAVR AVR p value TAVR AVR p value

ITT 84 (24.2) 89 (26.8) 0.44 54 (22.2) 62 (26.4) 0.29 30 (29.0) 27 (27.9) 0.85

AT 81 (23.7) 78 (25.2) 0.64 51 (21.3) 55 (25.2) 0.33 30 (29.1) 23 (25.3) 0.55



Clinical Outcomes at 30 Days and 1 Year 
All Patients (N=699)

30 Days 1 Year

All Patients (N 699)

Outcome TAVR
(N = 348)

AVR
(N = 351) p-value TAVR

(N = 348)
AVR

(N = 351) p-value

Vascular complications

All – no. (%) 59 (17.0)59 (17.0) 13 (3.8)13 (3.8) <0.01<0.01 62 (18.0)62 (18.0) 16 (4.8)16 (4.8) <0.01<0.01

Major Major –– no. (%)no. (%) 38 (11.0)38 (11.0) 11 (3.2)11 (3.2) <0.01<0.01 39 (11.3)39 (11.3) 12 (3.5)12 (3.5) <0.01<0.01

Major Major bleeding bleeding –– no. (%)no. (%) 32 (9.3)32 (9.3) 67 (19.5)67 (19.5) <0.01<0.01 49 (14.7)49 (14.7) 85 (25.7)85 (25.7) <0.01<0.01

Endocarditis – no. (%) 0 (0.0)0 (0.0) 1 (0.3)1 (0.3) 0.320.32 2 (0.6)2 (0.6) 3 (1.0)3 (1.0) 0.630.63( ) ( )( ) ( )( ) ( )( ) ( )( )

New New AF AF –– no. (%)no. (%) 30 (8.6)30 (8.6) 56 (16.0)56 (16.0) < 0.01< 0.01 42 (12.1)42 (12.1) 60 (17.1)60 (17.1) 0.070.07

New New PM PM –– no. (%)no. (%) 13 (3.8)13 (3.8) 12 (3.6)12 (3.6) 0.890.89 19 (5.7)19 (5.7) 16 (5.0)16 (5.0) 0.680.68



Neurological Events at 30 Days and 1 Year 
All Patients (N=699)

30 Days 1 Year

All Patients (N 699)

Outcome TAVR
(N = 348)

AVR
(N = 351)

TAVR
(N = 348)

AVR
(N = 351)

p-value p-value

All Stroke or TIA All Stroke or TIA –– no. (%)no. (%) 19 (5.5)19 (5.5) 8 (2.4)8 (2.4) 0.040.04 27 (8.3)27 (8.3) 13 (4.3)13 (4.3) 0.040.04

TIA – no. (%) 3 (0.9) 1 (0.3) 0.33 7 (2.3)     4 (1.5) 0.47

All Stroke – no. (%) 16 (4.6)     8 (2.4) 0.12 20 (6.0) 10 (3.2) 0.08( ) ( ) ( ) ( ) ( )

Major Major Stroke Stroke –– no. (%)no. (%) 13 (3.8)13 (3.8) 7 (2.1)7 (2.1) 0.200.20 17 (5.1)17 (5.1) 8 (2.4)8 (2.4) 0.070.07

Minor Stroke – no. (%) 3 (0.9) 1 (0.3) 0.34 3 (0.9) 2 (0.7) 0.84

Death/Death/majmaj strokestroke no (%)no (%) 24 (6 9)24 (6 9) 28 (8 2)28 (8 2) 0 520 52 92 (26 5)92 (26 5) 93 (28 0)93 (28 0) 0 680 68Death/Death/majmaj stroke stroke –– no. (%)no. (%) 24 (6.9)24 (6.9) 28 (8.2)28 (8.2) 0.520.52 92 (26.5)92 (26.5) 93 (28.0)93 (28.0) 0.680.68



AllAll--Cause Mortality or StrokeCause Mortality or Stroke
All Patients (N=699)All Patients (N=699)

0.5 HR [95% CI] =

All Patients (N 699)All Patients (N 699)

0.4

TAVR
AVR

[95% C ]
0.95 [0.73, 1.23]

P (log rank) = 0.70

0.3
28.0

26 5

0.1

0.2 26.5

0

0.1

0 6 12 18 240 6 12 18 24

Months

348 289 252 143 65

No. at Risk

TAVR

351 247 232 138 63AVR



NYHA Functional Class 
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Six-Minute Walk Test
All Patients (N=699)( )
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Subgroup Analyses of Treatment Effect
All-Cause Mortality at 1 Year

Subgroup
TAVR (%)

n=348
AVR (%) 
n=351

RR 
(95% CI) 

RR 
(95% CI)

P-value for 
interaction

y

g p ( ) ( )

Overall 24.1 25.4 0.95(0.73-1.23)

Ageg
<85
>85

21.6
27.0

24.9
26.1

0.87(0.60-1.27)
1.03(0.72-1.47)

0.52

Sex
Male 28.4 24.2 1.17(0.84-1.63) 0.045
Female 18.4 27.2 1.17(0.84-1.63)

BMI
<26
>26

27.3
21.0

27.4
23.8

0.68(0.44-1.04)
0.99(0.71-1.40)

0.66

STS score
<11
>11

19.9
28.1

21.7
29.3

0.88(0.59-1.31)
0.92(0.61-1.38)

0.87

LV ejection j
fraction

<55
>55

26.2
22.4

27.7
22.1

0.96(0.69-1.34)
1.01(0.68-1.50)

0.80

TAVR better AVR better
0.5 1 2



Subgroup Analyses of Treatment Effect
All-Cause Mortality at 1 Year

Subgroup
TAVR (%)

n=348
AVR (%) 
n=351

RR 
(95% CI) 

RR 
(95% CI)

P-value for 
interaction

y

g p ( ) ( )

Pulmonary 
hypertension

No
Y

21.3 21.7
29 9

0.98(0.64-1.50)
0 92(0 66 1 28)

0.80
Yes 27.4 29.9 0.92(0.66-1.28)

Mitral 
regurgitation 

No
Yes

24.6
24.2

22.1
35.2

1.11(0.82-1.52)
0.69(0.41-1.17)

0.12

Yes ( )

Prior CABG
No
Yes

22.2
25.9

30.7
19.1

0.72(0.52-1.01)
1.35(0.88-2.08)

0.02

Peripheral
vasc disease

No
Yes 22.4

26.4
25.1
25.4

0.89(0.63-1.27)
1.04(0.70-1.54)

0.57
26.4 25.4 1.04(0.70 1.54)

Cohort
TA
TF

28.8
22.1

26.2
25.0

1.10(0.71-1.71)
0.89(0.64-1.22)

0.43

TAVR better AVR better
0.5 1 2



Echo Findings
Hemodynamic AssessmentsHemodynamic Assessments

30 Days 1 Year

Finding TAVR AVR TAVR AVRp-value p-value

Mean grad - mmHg 9.9 ± 4.8 10.8 ± 5.0 0.04 10.2 ± 4.3 11.5 ± 5.4 0.008

AVA - cm2 1.7 ± 0.5 1.5 ± 0.4 0.001 1.6 ± 0.5 1.4 ± 0.5 0.002

LV EF - % 55.5 ± 11.4 56.0 ± 11.4 0.63 56.6 ± 10.5 57.1 ± 10.3 0.64



Paravalvular Aortic Regurgitation
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PARTNER Comparison of OutcomesPARTNER Comparison of Outcomes
HighHigh--Risk vs. Inoperable PatientsRisk vs. Inoperable Patients -- ITTITTHighHigh Risk vs. Inoperable Patients Risk vs. Inoperable Patients ITTITT
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PARTNER Final ThoughtsPARTNER Final Thoughts

Rarely, in Medical Research,

has so dramatic an improvement in Survival, 

been achieved in such a Short Time, 

with so few Iterations;

And it is only the Beginning of a Flooding Tide, 

that Floats All Boats!!!

Courtesy of Lars Svensson; Surgical PI Cleveland Clinic andCourtesy of Lars Svensson; Surgical PI Cleveland Clinic and
Member of the Executive Committee, PARTNER trialMember of the Executive Committee, PARTNER trial


