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“In Utero” 

The TAVR Odyssey 



  “There is no treatment 
for aortic valve disease” 



Aortic Valve Replacement 
Dawn of a new era! 



At Least 30% of Patients with Severe 

Symptomatic AS are “Untreated”! 
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Severe Symptomatic Aortic Stenosis 
Percent of Cardiology Patients Treated 

AVR 

No AVR 

Under-treatment 

especially 

prevalent among 

patients 

managed by 

Primary Care 

physicians 

Reasons for non-treatment:  1. elderly,  

2. co-morbidities, 3. patient refusal 



Surgery 

Aortic Valve Replacement 

Porcine valve – 1965 

Homograft – 1962 

Mechanical heart valve – 1960 

Pericardial tissue valve – 1969 

First CoreValve Transcatheter AVR by 

Retrograde Approach 

Laborde, Lal, Grube – July 12, 2004 

First Edwards/PVT Transapical 

Beating Heart AVR 

Webb, Lichtenstein – Nov 29, 2005 

First PVT Transcatheter AVR 

by Antegrade Approach 

Alain Cribier  - April 16, 2002 

CE approval of CoreValve (May 16, 2007;  

1,200 implants and Edwards Sapien  

(Sept 5, 2007; 500 implants)     

First Corevalve  

animal implantation 

 JC. Laborde 

First PVT animal 

implantation 

A. Cribier 

1960 2002 2004 2007 2001 2000 

2010 PARTNER Cohort B 

2011 PARTNER Cohort A 

2010-13 



The Early 

Childhood Years 

The TAVR Odyssey 



Early Catheter-Based AV Designs 

The Davis valve (1965) 

The Andersen valve (1992) 



The Andersen Stent-Valve (1989) 



Diastole Systole 

1 
2 

3 

Alain Cribier Sketches (1990) 



PVT - The Foundation… 

Percutaneous Valve Technologies 

Aortic Heart Valve 

Bovine pericardium / Stainless steel stent 

Polyurethane 

23mm max diameter 

24F 



• Strokes 

• Aortic rupture 

• Coronary occlusion 

• Mitral valve injury 

• Valve instability – embolization 

• Para-valvular regurgitation 

• Vascular complications 

• Valve durability 

• Technical challenges insurmountable 

TAVR – The Early Skeptics 

This is a crazy project that will fail! 



Dr. Alain Cribier 
First-in-Man PIONEER 

April 16, 2002 

Conclusions— Nonsurgical implantation of a prosthetic heart 

valve can be successfully achieved with immediate and midterm 

hemodynamic and clinical improvement. 

It was impossible 

to predict the general 

application of this  

new procedure! 

 



MR 

Antegrade Approach: 

Guidewire Position  

in LV 



Collaboration across the seas…. 

   Drs. John Webb and Alain Cribier 



Adolescence 

The TAVR Odyssey 



The TAVR Odyssey 

Adolescence 

• Characterization of high surgical risk 

patients 

• Development of the Heart Team concept 

• Technology development and maturation 

of procedural technique  

• Refinement in clinical research processes 

(VARC) leading to PARTNER   



The severe AS-TAVR Population 

• Old…very old… 

• Frail…very frail 

• Lots of co-morbidities… 

 Prior CABG (poor LV function) 

 CKD 

 Severe COPD 

 PVD 

 Chronic AF 

 Cancer in remission 

 But still enjoying life ! 



TAVR Categories 
(risk is a continuum) 

Operable AS patients      

TAVR in 2014 

TAVR 

preferred 

Extr 

Risk* 

* Extreme risk = “inoperable” 

Low  

Risk 

Surgery (AVR) 

irresponsible, 

reckless 

~65% 

Intermed  

Risk 
¿ 

“equipoise” 

~25% 

High 

Risk 

TAVR 
or 

AVR 

OK 

~10% 

F
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No 

Too 

Sick 



Adjunctive Imaging for TAVR 

Adapted from:  Lutz Buellesfeld 

Multi-modality Imaging is the RULE 

Angio CTA 

TTE TEE  + 3D 



TAVR – 2014 
Access Alternatives 

direct 

aortic 

subclavian/ 

axillary 

transapical 

transfemoral 

Iliac-aortic 

conduits 

carotid 

transcaval 



A Dedicated TAVR Milieu 
 

Cath Lab OR 

Hybrid Cath Lab/OR 

Multi-Disciplinary 

Collaboration 



Edwards THV Evolution 

Edwards SAPIEN™ THV 

23 mm and 26 mm 

•Stainless Steel Frame  

•Bovine Pericardial Tissue 

 

•Stainless Steel Frame  

•Equine Pericardial 

Tissue 

 

Cribier-Edwards™ THV 

23mm 

Edwards SAPIEN XT ™ THV 

23 mm, 26 mm, and 29mm 

• Cobalt-Chromium Frame 

• Bovine Pericardial Tissue 

• Semi-closed leaflets 

• Reduced crimped profile 

 

2004 2007 2010 



Over-the-wire 0.035 compatible 

12F Shaft  

18F Capsule 

Loading/Release Handle 

CoreValve ReValving System 
18 Fr Delivery System 



VARC MANUSCRIPT 



Kappetein AP, et al. J Am Coll Cardiol 2012;60:1438-54 

VARC - 2 

VARC was an immediate success; 

VARC-2 is an important expansion  

and refinement of this dynamic  

clinical research process!  



College Years 

The TAVR Odyssey 



The TAVR Odyssey 

College Years 

• Dramatic proliferation of TAVR 

procedures and centers worldwide  

• Evidence-based medicine validation of 

TAVR clinical benefit 

 Country registries 

 First RCT – The PARTNER Study 

• Case selection refinement and 

recognition of TAVR complications  



Edwards Lifesciences 

 

Medtronic CoreValve 

 

Current Generation Devices 

TAVR Arrives 

>75,000 patients treated thru 2013 

in >750 interventional centers 

around the world! 

 



SOURCE: GARY presentation by Pr. Hamm - ESC 2012 

cardiac surgery units 

53 

Cardiology units 

69 

Patient (n) 

13,860 

sAVR  

only 

6,523 

sAVR + 

CABG 

3,462 

TAVI 

Transapical 

1,181 

TAVI 

tansvasc. 

2,694 

Between Jan 1st 2011 and Dec 31st 2011 

NOTE: It represents 60-65% of total activity as reported in the AQUA 2011 report 

The German Aortic Valve Registry (GARY) 

ESC 2012 Update  



N = 699 N = 358 High Risk Inoperable 

PARTNER Study Design 

Symptomatic Severe Aortic Stenosis 

ASSESSMENT: High-Risk AVR Candidate 

3,105 Total Patients Screened 

Total = 1,057 patients 

2 Parallel Trials:  

Individually Powered 

Standard 

Therapy 

ASSESSMENT: 

Transfemoral 

Access 

Not In Study 

TF TAVR 

Primary Endpoint: All-Cause Mortality  

Over Length of Trial (Superiority) 

Co-Primary Endpoint: Composite of All-Cause Mortality 

and Repeat Hospitalization (Superiority) 

1:1 Randomization 

 
VS 

Yes No 

N = 179 N = 179 



N = 179 

N = 358 Inoperable 

Standard 

Therapy 

ASSESSMENT: 

Transfemoral 

Access 

Not In Study 

TF TAVR 

Primary Endpoint: All-Cause Mortality  

Over Length of Trial (Superiority) 

Co-Primary Endpoint: Composite of All-Cause Mortality 

and Repeat Hospitalization (Superiority) 

1:1 Randomization 

 
VS 

Yes No 

N = 179 

TF TAVR AVR 

Primary Endpoint: All-Cause Mortality at 1 yr 

(Non-inferiority) 

TA TAVR AVR  
VS 

 
VS 

N = 248 N = 104 N = 103 N = 244 

PARTNER Study Design 

Symptomatic Severe Aortic Stenosis 

ASSESSMENT: High-Risk AVR Candidate 

3,105 Total Patients Screened 

Total = 1,057 patients 

2 Parallel Trials:  

Individually Powered 

N = 699 High Risk 

ASSESSMENT: 

Transfemoral 

Access 

Transapical (TA) Transfemoral (TF) 

1:1 Randomization 1:1 Randomization 

Yes No 



 Heart Valve Team 
(Executive Committee)  

Michael Mack John Webb 

Murat Tuzcu Craig Miller 

Marty Leon Jeff Moses 

Craig Smith 

Lars Svensson 



PARTNER Manuscripts in NEJM 
(October, 2010 – May, 2012) 
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Primary Endpoint:  
All Cause Mortality  

All cause 

mortality 

HR [95% CI] = 0.51 [0.38, 0.68] 

p (log rank) < 0.001 

∆ at 1 yr = 20.0% 
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TAVR 

AVR 

Months 

     348 298 260 147 67 

     351 252 236 139 65 

No. at Risk 

TAVR 

AVR 

26.8 

24.2 

HR [95% CI] = 

0.93 [0.71, 1.22] 

P (log rank) = 0.62 

High-Risk Operable PARTNER Cohort 

Primary Endpoint: All-Cause Mortality 



 

Same age and predicted risk 

One passes the “eyeball test” – one does not 

 

Frailty is being studied systematically as part of 

the PARTNER U.S. IDE study 

Patient A Patient B vs. 

 

Photos courtesy of Michael J. Mack, MD 

Medical City Dallas 

TAVR Patient Selection 

Includes Careful Frailty Assessment 



Cohort C – The Futile Patient 

• Extreme co-morbidities – STS score > 15% 

• Severe pulmonary disease 

• Severe frailty (objective testing) 

• Severe dementia 

• Severe liver disease 

• Severe CKD – on dialysis (?) 

• Hemodynamic instability – e.g. pressor 

dependent 

• Dependent social status – assisted-living, poor 

social support , wheelchair bound, etc. 

 



Published on-line June 5, 2011 

@ NEJM.org and print June 9, 2011 

Editorial Response 



Stroke HR [95% CI] p-value 

     TAVR 2.76 [1.58-4.82] <0.001 

     AVR 4.99 [2.85-8.75] <0.001 

Major Bleeding 

     TAVR 2.14 [1.42-3.20] <0.001 

     AVR 2.88 [1.99-4.14] <0.001 

Major Vascular 

     TAVR 1.67 [1.04-2.70] 0.03 

     AVR 1.40  [0.57-3.44] 0.46 

Procedural Predictors of Mortality 
High Risk Surgical 

0.1 1 10

Time adjusted covariate analyses 



Impact of Total AR on Mortality (AT) 
TAVR Patients 

131 121 114 102 93 80 63 

171 146 125 117 110 94 62 

34 24 21 18 15 12 9 

None-Tr 

Mild 

Mod-Sev 

No. at Risk 

53.7% 

25.6% 

32.5% 

38.2% 

12.3% 

26.0% 

60.8% 

35.3% 

44.6% 



Young Adulthood 

The TAVR Odyssey 



The TAVR Odyssey 

Young Adulthood 

• Continued TAVR expansion  

• Relentless pursuit of clinical data 

 TVT registry 

 Second RCT – The U.S. CoreValve Study 

• Procedural enhancements and reduced 

TAVR complications  

• New technology explosion 

• New clinical indications  
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Multiple Industry Sources - 2013  

(X 1000) 

~90K procedures 

by 2018 

52 

CAG: EU 14% 
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Transfemoral

Transapical

Total

REVIVAL TF 

PARTNER TF  

REVIVAL TA 

PARTNER TA 

PARTNER II Cohort B 

PARTNER II Cohort A 

Commercial Approval 

TAVR at Columbia - NYP 

> 600 TAVR cases   

during 2012 and 2013! 



Edwards Clinical Research Program 

Since 2007, approved in >50 countries 

within Europe, Asia, Middle East,  

South America and Canada 

>11,500 patients  

in clinical trials 

Cribier-Edwards     n=36 

FIM 

iREVIVE Study 

RECAST  

Study 

Edwards SAPIEN      n > 5,500 

 CE Mark 

REVIVE  

REVIVAL 

PARTNER  EU 

PARTNER I   

SOURCE I and II   

Edwards SAPIEN XT      n > 6,000 

PARTNER II  

PREVAIL  

 CE Mark 

    SOURCE XT 

FIM 

2002 2003 2004 2005 2006 207 2008 2009 2010 2011 2012 2013 2014 



 
 



29 

59 
76 

89 

117 
134 

149 
160 164 

191 
201 

213 
223 

236 
244 245 249 250 

0

50

100

150

200

250

300

May June july Aug Sept oct Nov Dec Jan Feb Mar Apr May June July Aug Sept Oct

 
TVT Sites Enrolled (May 2012-Oct 2013) 

250 

The U.S. TVT Registry 

JAMA 2013; 310:2069-77 



JAMA 2013 report from 

The TVT Registry  on  

7710 patients enrolled 

at 224 centers. 
 

30-day outcomes  

reported on 3133 cases. 

 

Median STS score for 

these inoperable and 

high-risk patients was 

7% (IQR = 5-11%)   

JAMA 2013; 310:2069-77 



Median STS score for 

these inoperable and 

high-risk patients was 

7% (IQR = 5-11%)   

JAMA 2013; 310:2069-77 



In-hospital outcomes 
• Mortality    5.5% 

• Strokes    2.0% 

• Major vasc events  6.4% 

 

30-day outcomes  
• Mortality   7.6% 

• Stroke    2.8% 

• Re-intervention  0.5% 

JAMA 2013; 310:2069-77 



Pivotal Trial Design 

5
3 

TCT 2013 LBCT Extreme Risk Study | Iliofemoral Pivotal 



Adams DH, Popma JJ, Reardon MJ, et al. 

Published in N Engl J Med on March 29, 2014 

at NEJM.org 

CoreValve High-Risk U.S. Pivotal Trial 

(presented at ACC 2014) 



ACC 2014 

19.1% 

4.5% 

Surgical 

14.2% 

P = 0.04 for superiority 

3.3% 

Transcatheter 

Primary Endpoint: 1 Year All-cause Mortality ACC 2014 





ESC/EACTS Guidelines - 2012 

Class I:  
• Heart Team required 

• On-site cardiac surgery 

• Pts not suitable for AVR  

 

Class IIa: 
• High-risk operable as 

  an alternative to surgery; 

  determined by heart team 

  and case-based decisions 





AHA/ACC TAVR Guidelines - 2014 

Class I:  
• Heart Valve Team should collaborate on decisions 

• Pts not suitable for AVR and survival > 12 mos 

Class IIa:  
• Reasonable alternative to surgical AVR in  

  high surgical risk pts 



New TAVR (and “Related”) 

 Technologies  

• New TAVR Systems 

• Access and Closure Strategies 

• Cerebral Embolic Protection Devices 

• Advanced Imaging Modalities 



New TAVR Systems - Transfemoral 
 

 

 Direct Flow 

 Sadra 

 St. Jude 

 AorTx  

 HLT 

 EndoTech 

 ABPS PercValve 

 

 

 



New TAVR Systems - Transapical 
 

 

 Jena Valve 

 MDT (Engager)  

 Symetis 

 

 

(90 pts, + CE approval) 

(73 pts, + CE approval) 

(40 pts) 



Large Vessel Closure Landscape 
Category                             Company                             Technology 

Emerging Suture  

Based Technologies 

Sutura Superstich 

MediGlobe 

SpiRx 

Emerging  

Patch or Plug 

Technologies 

Vasostich 

Vivasure 

Access Closure-GRIP 

InSeal 

Promed 

Strategic  

Players 

Medtronic, Inc. Abbott Vascular St. Jude Medical Cook/Cardica 

http://www.cookmedical.com/


Transcutaneous Ventricular Access  

and Closure (TVAC)  

• Apica 

• Entourage CardioClose 

• MID Permaseal 

• Novogate 

• SpiRx 

• Cardiapex 

<5=9 4>546%@L5=4OQ5%7 1: ?HI %

13 

Operative 
Window 



Cerebral Embolic Protection Devices 

TriGuard™ Cerebral Embrella™ Claret Sentinel™ 

Deflector  Deflector Dual Filter 

Femoral Access Radial Access  Radial Access 

9F Sheath (7F Delivery) 6F Shuttle Sheath  6F Radial Sheath 



Embolic Material 

after TAVR 

Embolic Material 

Embolic Material 



Advanced Imaging Modalities 

CTA 

• Philips 

  3D Navigator 

• Siemens 

  Dyna CT 

• GE 

  Innova Vision 



CTA 
3Mensio 

Valves 

Advanced Imaging Modalities 



• Valve-in-valve for bio-prosthetic aortic 

and mitral valve failure 

• Intermediate (moderate) risk AS patients 

• Mixed AS and CAD patients 

• Asymptomatic severe AS 

• Low flow - low gradient AS – impedance 

mismatch 

• Aortic regurgitation 

 

The TAVR Odyssey 

Next Clinical Trials  



New TAVR Clinical Indications 
Valve - in - Valve 

Webb JG, Wood DA, Ye J, et al. Circulation 2010;121:1848-57 

Incorrect position Correct position 



The TAVR Odyssey 
Moderate Risk Patients 

Operable AS patients 

90% 10% 

Low-Intermediate Risk 
High Risk 

Inoperable 

Too Sick 

 
 

PARTNER 2 

and SURTAVI 



Final 

Thoughts 

The TAVR Odyssey 



• 2000 “you’re crazy, reckless idiots; won’t get it 

  funded; can’t work and will kill patients” 

 

• 2005 “you’re merely irresponsible; procedure 

  is too complicated; possibly in inoperable 

  patients only” 

 

Perspectives over time…  

TAVR - The Early Years 



Rules of Engagement 

TAVR – The Early Years 

Surgery 

TAVR 



• 2000 “you’re crazy, reckless idiots; won’t get it 

  funded; can’t work and will kill patients” 

 

• 2005 “you’re merely irresponsible; procedure 

  is too complicated; possibly in inoperable 

  patients only” 

 

• 2014  “you’re a visionary; breakthrough  

  procedure which is easily generalizable; 

  will transform therapy for most AS  

  patients!” 

Perspectives over time…  

TAVR - Now 



Rules of Engagement 

TAVR - Now 

TAVR 

SURGERY 



Alain Cribier to Martin Leon, Stan Rowe,  

Stan Rabinovich, Assaf Bash 

April 12, 2002 

I have a fascinating case that I 

would like to discuss with you! 

Imminent death 

EF 10% 

BP 60 mmHg with vasopressors 

57 y/o 
Transeptal BAV performed 

Intra-LV thrombus 

Valve implantation, transseptal approach ! 

Dilatation of the septum required 

Externalization of wire 

Highest risk !.. 

Martin Leon to  

Alain Cribier 

April 12, 2002 

High likehood of failure 

but… it just might work 

and save his life! 

You have my complete 

support to move ahead with 

the first PVT clinical placement 

in this desperately ill man.  

Snaring the stiff wire is a good idea 

IABP? 

Best operator in the world! 



Valve Positioning 



April 16, 2002, FIM-TAVI, Transseptal 

Valve deployment! 



15 min post-TAVI 

April 16, 2002, FIM-TAVI, Transseptal 



F.I.M. Balloon Aortic Valvuloplasty 

1985 

1993-1994 

Post-mortem studies of intra-valvular stenting 

« Percutaneous Valve Technology » (prototypes) 

1999 

Animal implantations (sheep) 

2000 

F.I.M. THV implantation 

2002 

Feasibility Studies (antegrade) 

2002-03 

Edwards Lifesciences 

2004 
International TF and TA  

Feasibility Studies 

2005-07 

Since 2007 
Post market registries 

PARTNER US Pivotal 
2008-09 

FDA Approval (non-surgical 

and high risk surgical) 

Nov 2011 

Oct 2012 



TAVR: A 10-Year Anniversary 





What is a Breakthrough Technology? 

60th Israel Heart Society 

And Now, 

“The Stamp” 



The Patients are Simply AMAZING! 

92 yo man with 

critical AS… 

TAVI at CUMC 

on 2/8/06… 

Playing golf in  

Palm Springs on 

3/8/06!!! 

Patient #1 


