
Neal Kleiman, MD 

Houston Methodist DeBakey Heart and 
Vascular Institute 



 Despite a 33 fold 
growth in the first 
five years, there is 
still tremendous 
variability among 
penetration in 
different countries 

Mylotte: JACC 2013; 
62:210 



1. Patient Selection  

2. New Groups 

3. New Devices 

TAVR Directions 



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 

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 

STS Score Predicted Mortality 
               10%-15%                                 >15%                   

N=699 N=358 



TAVR 348 298 261 239 222 187 149 

AVR 351 252 236 223 202 174 142 
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Months post Randomization 

TAVR

AVR

No. at Risk 

HR [95% CI] = 

0.93 [0.74, 1.15] 

p (log rank) = 0.483 

26.8% 

24.3% 

34.6% 

33.7% 

44.8% 

44.2% 

No D in AVA, 
gradient, stroke 
risk 



Makkar RR et al. N Engl J Med 2012;366:1696-1704. 

NNT=4 
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‘Inoperable’ or 
‘Extreme Risk’ 

Non-Lethal, 
Non-

Disabling 
Comorbidities 

‘Operable’ but 
‘High Risk’ 

‘Intermediate 
Risk’ 

Inoperable 
but too ill 
for TAVR 
(“cohort 

C”) 

Bicuspid 
Valves 

Primary 
Aortic 

Insufficiency 

Degenerated 
Bioprostheses 



PARTNER Cohort B STS  2006 
(N=15,397) 

Age (y) 83.3 70 

Male (%) 82% 57% 

NYHA III or IV 92.2% 54% 

Prior MI 19% 10% 

COPD   41.3% 19.9% 

LVEF  53.3% 56% 

PAD 30% 8.2% 

Creat. > 2 mg/dL 5.6% 5.4% 

Prior CABG 37% 9% 

Comparison Between PARTNER COHORT B  and 
STS 2006 Baseline Characteristics for Isolated 

sAVR: 

(13% > 80y) 

Leon, MB.  NEJM. 2010;363:1597 
Brown, JM. J Thorac Cardiovasc Surg.2009;137:82 
Edwards, F.  J Am Coll Cardiol. 2001;37:885 



Makkar RR et al. N Engl J Med 2012;366:1696-1704. 



Thourani, Ann Thorac Surg. 2013; 95:838 



Trial Guidelines 
• PARTNER B, CV 

Extreme Risk:      
STS PROM > 15 

• PARTNER A, CV 
High Risk:        
STS PROM >10 



Two-Year Mortality, Stratified According 
to the Society of Thoracic Surgeons (STS) 

Risk Score 

Makkar RR et al. N Engl J Med 2012;366:1696-1704. 





Same age and predicted risk 
One passes the “eyeball test” – one does not 

Patient A Patient B vs. 

 
Photos courtesy of Michael J. Mack, MD 

Medical City Dallas 



 

Frailty Characteristic 

  

N=471 

Anemia With Prior Transfusion, % 22.9 

BMI < 21 kg/m2, % 7.6 

Albumin < 3.3 g/dL, % 18.5 

Unplanned Weight Loss > 10 pounds, % 16.9 

Falls in Past 6 Months, % 17.8 

5 Meter Gait Speed > 6 secs, % 84.2 

Grip Strength < Threshold, % 67.6 

Extreme Risk Study | Iliofemoral Pivotal 



Disability: > 1 
ADL 

CoMorbidity  
> 2 
Diseases 

Frailty 

21.5% 

5.7% 46.2% 

26.6% 

Fried, L.  J Geront. 2001;56A:M146 

Only 27% 
of disabled 
patients 
were frail! 



Incremental Ability of the Frailty 
Score to Predict Outcomes After 
General Surgery 

Makary. J Am Coll Surg. 2010; 210:901 
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Treatments for Symptomatic 
Severe Aortic Stenosis 

All Patients with Symptomatic Severe AS 
Lowest 
Risk 

Highest 
Risk 

Surgical 
Population 

Partner B 
CoreValve Extreme 

10
% 

25% 

Partner A 
CoreValve High Risk 
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Treatments for Symptomatic 
Severe Aortic Stenosis 

All Patients with Symptomatic Severe AS 
Lowest 
Risk 

Highest 
Risk 

Surgical 
Population 

Partner B 
CoreValve Extreme 

“Partner C” 
Futile 

10
% 

25% 

Partner IIA 
SurTAVI 

? 

Partner A 
CValve High Risk 



Piazza: JACC 2013;6:443 



 Durability of the valve 

 Consequences of aortic 
insufficiency 

 Stroke risk 



Expected Survival After Bioprosthetic SAVR 

Puvimanasinghe J P A et al. Circulation 2001;103:1535-1541 

 Metanalysis of 9 
studies 

 5,837 valve 
recipients with 
31,874 years of 
follow-up 

 Standardized 
definitions of events 

 Microsimulation 
model producing 
10,000 life histories 
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Partner B 



Stroke and TAVR 



Timing of Stroke/TIA in the 

ADVANCE Registry 

2.9% at 30 (days) 
{2.4% in CV US IDE trial} 

59% occur 
> 48h 
AFTER the 
procedure 



New 
Onset 

AF 
31.9% 

4.6 

22.7 

18.2 18.2 

0
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< 24 h 24-48 h 48-72 h > 72 hPredictors: 
Large LA (OR = 1.21/mm/m2);  
Transapical Approach (OR =  4.08) 

Amat Santos.  JACC. 2012;50:178 



MFI=22% 

MFI = 16% 

Aortic blood Pre 

valve implant 

Von Willebrand Factor and Platelet 
Aggregates after TAVR 
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Months post Procedure 

None - Trace

Mild

Moderate - Severe

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 

53.7% 

25.6% 

32.5% 

38.2% 

12.3% 

26.0% 

60.8% 

35.3% 

44.6% 





CoreValve USIDE Trial: Impact of PVL on Late 

Mortality 

TCT 2013 LBCT Extreme Risk Study | Iliofemoral Pivotal 

1.6% of 
population 



3,666 Patients eligible for xAVR 
TAVR = 782 

SAVR = 2,884 

Unmatched, n= 2,856 

TAVR matched, 
n=405 

SAVR matched, 
n=405 

TAVR matched, 
SURTAVI Eligible 

n=255 

SAVR matched, 
SURTAVI Eligible 

n=255 

STS too low or 
too high 

STS too low 
or too high 

Piazza: JACC 2013;6:443 



Piazza: JACC 2013;6:443 



STS mortality risk  
≥4% and ≤10% 

Heart Team Evaluation 
Confirm Inclusion/Exclusion &  

Intermediate Risk Classification  

Randomization 
Stratified by need for 

revascularization 

SAVR 
Medtronic CoreValve® 

TAVI 

N = ~2,500 patients 

TAVI only TAVI + PCI SAVR only SAVR + CABG 



 





 



BAV (n=21) Non-BAV (n=208) 

Perioprocedural MI (%) 0 0.5 

Periprocedural Stroke (%) 0 2.9 

Annular Rupture (%) 0 1.3 

Valve Migration (%) 1.3 1.4 

Coronary Occlusion (%) 4.8 1.9 

Aortic Regurgitation > 2 
(%) 

19.0 14.9 

Aortic Regurgitation > 3 
(%) 

0 1.0 

30 Day mortality (%) 14.3 13.5 

Hayashida. Circ Interventions 
2013;6:284 



CoreValve 

Mosaic Valve 



TransValvular Gradients After Valve in Valve 

Implant for Degenerated Bioprostheses 

Dvir D et al. Circulation 2012;126:2335-2344 
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*   Until fully deployed 

** There is no clinical data currently available that evaluates the long-term impact of 

anticalcification tissue treatment in humans. 

Bovine and porcine pericardial 

valve with  

Linx  Anti-calcification 

technology ** 
 

LinxAC  technology is used on SJM 

Epic™ and Trifecta™ surgical aortic 

valves 

Low placement of 

leaflets/cuff within the stent 

frame allows for minimal 

protrusion into the LVOT  

Unique self expanding stent 

design provides the ability 

to… 

Re-sheath* 

Reposition 

Retrieve*  

… the valve at implant site 
Tissue cuff designed to 

minimize PV leak 

Open stent cell design 

allows access to 

coronaries and low crimp 

profile 

CE Mark Trial Q4 2011 

US/IDE Q3 2012 



  



Valve loaded in Delivery System 

Valve Inflated & Steering 
System 

Valve Unsheathed 

Valve in Retrieval Basket 

Investigational device not for sale in or outside the United States 
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Check Valves 

Positioning

Wires 

Direct Flow Medical: Valve Concept 

Ventricular Ring 

Aortic Ring 

Investigational device not for sale in or outside the United States 
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