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Extreme Risk High Risk Intermediate Risk

Clinical Evidence: proven success in extreme, high, and intermediate risk 
patients with symptomatic, severe aortic stenosis.



COREVALVE US High Risk Trial: Mortality

6



The ACC/AHA and ESC/EACTS guidelines reflect the success TAVI has demonstrated, and TAVI is 
recommended in extreme risk patients, and considered for both high and intermediate risk patients.

ESC/EACTS 2017 
Update

ACC/AHA 2017 
Update

Current Guidelines



TAVI in the US

Bavaria et al., presented at EACTS 2019



US: ongoing increase in intermediate/low risk TAVI

Bavaria et al., presented at EACTS 2019



• Revolution – a sudden, radical or complete change

• Evolution – a process of continuous change from a lower, 
simple, or worse to a higher, more complex or better state

Revolution Vs. Evolution





• Bicuspid valve

• Complex CAD (UPLM, 

SYNTAX>22)

• TF only

• Bicuspid valve

• Complex CAD (UPLM, 

SYNTAX>22)

Asymptomatic patients

Alternative access allowed

Embolic protection allowed

1-year 2-year (2-year data available for 

<10%) 

Age 73.5

STS score: 1.9
Concomitant PCI/CABG: 6.5 / 12.8%

Age 74

STS score: 1.9

Concomitant PCI/CABG: ? / 13.6%

Specific exclusion 

criteria

Specific inclusion 

criteria

Pre-specified 

primary EP duration

Patient 

characteristics



Study populations: ITT to AT patient cohorts

✓Major inclusion criteria
✓STS PROM ≤ 4
✓Eligible for transfemoral
placement of SAPIEN 3 THV

✓Major exclusion criteria
✓Frailty
✓Bicuspid aortic valve
✓Complex CAD





Kaplan–Meier estimates of the rate of the primary 
composite end point

All cause mortality, all strokes, cardiovascular rehospitalizations



All-cause mortality All strokes Rehospitalizations

Break-up of primary EP



Study population



Self-expandable transcatheter heart valve generations



Kaplan–Meier estimates of the rate of the primary 
composite end point

All cause mortality, disabling strokes



Break-up of primary EP

All-cause mortality Disabling strokes
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TAVR SAVR Difference = –4.5%

5.6% 10.2% P = 0.002



Additional important end points in the two* studies

✓ Acute kidney injury

✓ Hemodialysis

✓ New AF

✓ Life threatening / major bleeding

✓ Need for blood transfusion (>1 unit)

✓ Procedure time (min.)

✓Length of hospitalization (days)

✓ Discharge to home

*Where data is available
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Total aortic regurgitation in Evolut LR study



Para-valvular leak in PARTNER III study



Pacemaker implantation

17,4

6,1

0

2

4

6

8

10

12

14

16

18

20

TAVR SAVR

6,6

4,1

0

2

4

6

8

10

12

14

16

18

20

TAVR SAVR



Aortic Valve Areas over Time for TAVR and Surgery 
(Echo core-lab)



FDA approval for TAVI in Low risk patients

• August 16, 2019: Evolut and SAPIEN platforms received expanded 
indication from the US Food and Drug Administration (FDA) to treat 
symptomatic severe aortic stenosis in patients at low risk for surgical 
mortality. 

• This signals a groundbreaking shift in the future treatment of heart 
valve disease allowing for younger, more active patients to have this 
treatment option.



Remaining Controversies:

• TAVI in asymptomatic 

• TAVI in bicuspid aortic valve

• TAVI pharmacology

• Device selection

• Coronary access

• Patient-prosthesis mismatch (PPM)

• Permanent pacemaker (PPM..)

• Valve durability



Asymptomatic Aortic Stenosis
Clinical Impact

1Genereux et al., presented at TCT 2017; 2Genereux et al., J Am Coll Cardiol. 2016;67:2263-88; 3Reardon et al., NEJM 2017; 4Thourani et al. Lancet 2016; 387:2218-25



Asymptomatic Aortic Stenosis
Clinical Impact

1Kang et al., circulation 2010:121;1502-1509

OP = early surgery
CONV = conventional 
treatment (symptom 
driven)



Asymptomatic Aortic Stenosis
Guidelines

1Genereux et al., presented at TCT 2017; 2Nishimura, et al., K Am Coll Cardiol. 2017 Jul 11;70(2):252-289; 3Baumgartner et al., Eur Heart J. (2017) 00, 1-53



Asymptomatic Aortic Stenosis: Early TAVR Trial (ongoing)

1Van Mieghem et al, presented at TCT 2017
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Bicuspid aortic valve

1Sievers, et al., J Thorac Cardiovasc Surg 2007;133:1226-33

Type 0:  2 normally developed cusps, 
sinuses, and commissures. 

Type 1:  2 underdeveloped and 1 fully 
developed cusp, 1 underdeveloped 
and 2 fully developed commissures, 
and 1 raphe

Type 2:  2 underdeveloped and 1 fully 
developed cusp, 2 underdeveloped 
and 1 fully developed commissure, and 
2 raphe

71%

88% 5%

15% 3%

7%



The challenge: Bicuspid TAV Sizing

In addition to the degree of discordance, additional consideration should be given to 
the following:

Degree of Calcification 

▪ Will calcium density and location impede TAV 
frame expansion?

Location and Length of Raphe

▪ Does the raphe extend the full length of the 
commissure?

SOV Width and Coronary Height

▪ Can the SOV width accommodate the TAV size 
indicated by the annular measurement?

▪ Is there risk of coronary occlusion due to low coronary 
arteries?



36Bicuspid Aortic Valves   |   Confidential  Internal Use Only

Prevalence of Bicuspid Valve Disease

BAV with stenosis or regurgitation is the most common reason for SAVR in patients <70 years of age .

▪ In the United States, approximately 1 in 5 patients  > 80 years undergoing SAVR  had BAV1

▪ BAV rates vary according to geography

▪ 40% of TAVR patients in China (50% Type 0; 50% Type 1)2

▪ ~10% of TAVR patients in Japan (Type 0 = 1 – 2%)3
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26%
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Prevalence of Bicuspid Valve Disease in Severe Aortic Stenosis 
Patients (US)1

1Roberts, et al., Circulation 2005;111:920-25 2 Chen, M. EuroPCR, 2016.  3 Wantanbe, 2016.



Bicuspid Aortic Stenosis: TAVI implementation

• TAVI: < 7% of procedures
• SAVR: 42% in 70-80 old 

28% in 80-90 old

1Zhao et al, Nature Reviews in Cardiology 2015



Bicuspid Aortic Stenosis
TVT Registry | Self-Expanding TAVI

Popma et al., presented at TCT 2017

Outcome,  No.  (%)*
Bicuspid 
(N=191)

Tricuspid 
(N=6526)

P

All-cause mortality 4 (2.2) 199 (3.2) 0.49

Stroke 5 (2.6) 220 (3.4) 0.59

Myocardial infarction 0 (0) 22 (0.4) 0.43

Life threatening/major bleeding 16 (8.6) 461 (7.2) 0.45

Major vascular complication 1 (0.5) 102 (1.6) 0.25

Permanent pacemaker 23 (12.6) 1136 (17.8) 0.06

New requirement for dialysis 0 (0) 54 (0.9) 0.21

Aortic valve re-intervention 3 (1.8) 15 (0.2) <0.01

30-Day Clinical Outcomes



Forrest et al., presented at CRT 2019

Bicuspid Aortic Stenosis
TVT Registry | Comparison of new vs. classic Self-Expanding TAVI



Didier Tchetche. Circulation: Cardiovascular Interventions  2019

CT based sizing: the BAVARD study



TAVI in bicuspid valve

Stones in the road? I save every single one, and 
one day I'll build a castle. 

Fernando Pessoa



TAVI pharmacology

Makkar, et al., N Engl J Med. 2015 Nov 19;373(21):2015-24



A study in 84 TAVI and SAVR patients found 
• Hypo-attenuating leaflet thickening in 38% of patients 
• Hypo-attenuation affecting motion in 20% of patients

Sondergaard, et al., Eur Heart J. 2017 Jul 21;38(28):2201-2207

TAVI pharmacology



No anticoagulation and increased gradients have been associated with decreased leaflet motion. 

Makkar et al., presented at TCT 2017

TAVI pharmacology



TAVI pharmacology



Capodanno, et al., presented at London Valves 2017

TAVI pharmacology



TAVI Device Selection - which valve should I take today? 

https://www.google.com/url?sa=i&url=https://www.splashwines.com/products/the-wines-of-portugal-sampler-15-pack-mixed&psig=AOvVaw2LSe9H6jdNSwXm5Gjy4c9r&ust=1580507456049000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCJibyJ6nrOcCFQAAAAAdAAAAABAK


• Sapien 3/S3 Ultra
• Evolut R/PRO

• Lotus/Lotus Edge
• Acurate Neo
• Portico

• Direct Flow
• Engager
• Centera

• Jena Valve
• Venus A Valve

Current Industry Standard

Next in Line/Increasing 
Clinical Use

May they Rest in Peace..

Rebooting and/or 
Increasing Momentum

• J-Valve
• VitaFlow
• Taurus One
• Trinity
• Colibri
• Inovare
• Thubrikar
• Valve Medical
• Triskele
• BioValve
• MyVal
• HLT Meridian
• NVT
• Xeltis
• Zurich TEHV

All of the Rest!

TAVI Device Selection

Expansion of technology to lower risk population             shifting the 
focus from mortality and morbidity to durability and performance



Bioprosthetic valve failure



Bioprosthesis Durability

Bioprosthesis durability is age dependent with the risk of failure decreasing with increasing patient age.1

Durability may vary by valve model with fewer than 10% of patients ≥ 65 years requiring reoperation at 
15 years.2

1. Rahimtoola S. Choice of Prosthetic Heart Valve In Adults An Update. J Am Coll Caridiol 2010;55:2413-26.
2. Bonow R, Carabello B, Chatterjee K, et al. ACC/AHA 2006 Guidelines for the Management of Patients With Valvular Heart Disease J Am Coll Cardiol 2006;48:1-148.
3. Mosaic® Aortic Bioprosthesis. Medtronic, Inc. 2014 UC201503587EN 

An example of contemporary 
aortic valve durability by age 
group3

CoreValve and Evolut R TAV in SAV Overview   |   Medtronic -
Confidential

52



Mechanisms of prosthetic valve deterioration



Durability: Notion

1Sondergaard et all., presented at EuroPCR 2018; 2Petrossian et al., presented at ACC 2018



Durability: Corevalve Pivotal Trials

O’Hair, et al. presented at TCT 2019  



Abdel-Wahab et al., presented at EuroPCR 2019

Durability: CHOICE trial comparing Sapien and Corevalve









TVT ANALYSIS

Herrmann HC, J Am Coll Cardiol. 2018 Dec 4;72(22):2701-2711

PPM is associated with mortality



.

Flameng W,  Circulation. 2010;121(19):2123-9.

PPM predicts SVD



CoreValve High Risk Trial





Evolut Low Risk PPM





JACC Imaging 2018 Jun 8. 



Balloon Expandable: Sapien family



Self-Expanding: CoreValve family



TAVI Device Selection
Predicted PPM reference 
tables

Hahn et al., JACC Cardiovasc Imaging. 2018 Jun 8



30 Day PPM

0

10

20

30

40

50

60

70

Evolut TAVR Partner TAVR

30 Day PPM

Severe

Moderate

9.9%

1.1%

53.8%

8.3%



Permanent Pacemakers
Why Do They Happen?
Clinical Impact

1Bax, et al., Eur Heart J 2014; 35:2639-54; 2Petronio, et al., presented at EuroPCR 2014



Hamdan et al; JACC Intv 2015;8:1218–2 



TAVI Device Selection
Minimizing conduction defects in self-expandable valves

Jilaihawi, et al., JACC Cardiovasc Interv. 2019 Aug 22. pii: S1936-8798(19)31425-6.



MIDAS: intraprocedural; device positioning

1. NYU approach: start at CAU15 / LAO X or RAO X based on CTA
2. Come to 80% and remove any parallax by coming LAO
3. Assess implant depth according to NCC and decide: release vs re-capture

• Implant higher than length of MS

S3 view Cusp overlap

CAU15 x CAU20 x

NCC

NCCNCC

NCC



Reduction in PPMI 
9.7%>>3%

Reduction in LBBB 
25.8%>>9%

Jilaihawi et al, JACC Intv 2019

MIDAS approach: Outcomes



TAVI Device Selection
Coronary Access

81,8%

75,4% 74,9%

67,4% 65,5%

57,6%

47,9%
45,2% 44,3%
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1. Popma JJ, et al. J Am Coll Cardiol 2014;63:1972-1981. 2. Adams, et al., NEJM 2014; 370: 1790-8; 3. Smith GR, et al. NEJM 2011;364:2187-98. 4&5. Webb, et. al. J ACC Cardiovasc Interv 2015;8:1797-806; 6. Gerckens U, et al. Eur Heart J 2017;38(36):2729-2738. 7. Gilard M, et al. NEJM 
2012;366:1705-15. 8. Snow  TM, et al. Int J Cardiol 2015;199:253-60; 9. Schymik G, et al. JACC Cardiovasc Interv 2015;8:657-69. 



Yudi, et al., J Am Coll Cardiol 2018; 71(12):1360–78 

TAVI Device Selection
Coronary Access



TAVI Device Selection
Coronary Access

Kerckhoff-
Klinik1              

(n = 1,000)

Segeberg
Registry2            

(n = 296)

UK 
Registry3                

(n = 2,588)

TAVR-LM
Registry4                

(n = 6,405)

Tanaka5                  

(n = 2,170)

Post-TAVI PCI 
Incidence

3.5% 5.7% 0.7% 0.1% 1.4%

Time to PCI Post-
TAVR

233 ± 158 
days

17.7 
months

(range:  1-
72)

136 days 
(range: 1-1092)

368 days 
(IQR: 204-534)

Not reported

Type of TAV Implanted

CoreValve/Evolut R 29% 100% 48% 44% 100%

SAPIEN XT 45% 52% 55%

JenaValve 3%

Symetis 11%

Portico 3%

Procedural 
Success

74% 95.8% Not Reported 100% 93.3%

1Blumenstein, et al., Clin Res Cardiol 2015; 104:632-39; 2Allali, et al., Cardiovasc Revasc Med 2016;17:391-8; 3Snow, et al., Int J Cardiol 2015; 199:253-60; 4Chakravarty, et al., J Am Coll Cardiol 2016; 67:951-60. 5. Tanaka et al. 
Incidence, technical safety and feasilbility of coronary angiography and intervention following self-expanding transcatheter aortic valve replacement. Cardiovasc Revasc Med 2019; ePub ahead of print.



1Ribeiro, et al., J Am Coll Cardiol 2013; 62:  1552-62

TAVR Complications
Coronary Obstruction
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The key to success: 
meticulous preparation & heart team discussion

If I had eight hours to chop down a tree, I'd spend six sharpening my ax
Abraham Lincoln



We need to carefully select our TAVI patients

• Anatomy favorable for optimal result (TAVI suitability vs. 
surgical risk..)

• Match the ideal valve to the specific patient

• Inform and involve the patient as for the short- and long-
term objectives : set up the expectations!



• TAVI has evolved tremendously since the first case in 2002, showing great success and 
becoming the gold standard in extreme- high- and intermediate- surgical risk aortic stenosis 
patients

• Recent results from the PARTNER 3 and Evolut Low Risk Trials show excellent outcomes in low 
risk patients

• The proper therapy for asymptomatic severe AS patients and  bicuspid aortic valve disease as 
well as the optimal antithrombotic/anticoagulant therapy post TAVI and valve selection for 
specific cohorts will be determined shortly 

• Valve and technical modifications will further improve procedural safety&efficacy (ie, 
pacemaker need..) 

• TAVI will soon evolve as the default therapy for isolated AS patients requiring a bioprosthetic
valve

Summary



Is this the end of the TAVolution?

This is not the end, this is not even the beginning of the end but it may 
be the end of the beginning..                                                          

W. Churchill

• Revolution: a sudden, radical or complete change

• Evolution: a process of continuous change from a lower, simple, or worse to a 
higher, more complex or better state



Muito Obrigado!



STS score 1.9 1.9

CAD 27.7 28

Prior stroke 3.4 5.1

PVD 6.9 7.3

Creatinine > 2 0.2 0.2

Any BBB 13.3 17

LVEF 66 66

NYHA III/IV * 31 24

Concomitant PCI/CABG 6.5 12.8

Concomitant mitral / 
tricuspid intervention

0 2.2%

Procedure time (min) 58.6 ± 36.50 208.3 ± 62.15

Minimal invasive N/A 24%

General anesthesia 33% 100%

Valve ≥ 23 mm 98% 79.9%

Median ICU stay (days) 2 3

Median LOS (days) 3 7


