" The TAVR Story

The past, present and future...

Ran Kornowski, MD, FESC, FACC
Rabin Medical Center,
Petach Tikva, Israel
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~ Dr. Alain Cribier
First-in-Man PIONEER

Circulation "9

Stenosis
First Human Case Description

S B Genevieve Derumeaux, MD; Frederic Anselme, MD; Frangois
"I Laborde, MD; Martin B. Leon, MD

Percutaneous Transcatheter Implantation of
an Aortic Valve Prosthesis for Calcific Aortic

Ul Alain Cribier, MD; Helene Eltchaninoff, MD; Assaf Bash, PhD;
F Nicolas Borenstein, MD; Christophe Tron, MD; Fabrice Bauer, MD;

Conclusions: Nonsurgical implantation of a prosthetic heart
valve can be successfully achieved with immediate and midterm

hemodynamic and clinical improvement.
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~ TAVR Odyssey - 2020
Key Messages

« After the landmark FIM case by Alain
Cribier, the next several years were =
spent replicating and refining the TAVR s
procedure in extreme-risk patients (I-
REVIVE/RECAST and REVIVAL
feasibility registries in EU and US).

o

 Results were still indicative for high -~ (
complication rate, due to very sick

patients and very crude devices. -~ Q
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TAVR‘-’THé'EafIy Skeptics

- Strokes

- Aortic rupture O )
- Coronary occlusion It was

. Mitral valve injury uncertain at

- Valve instability — embolization that perloc_j
whether this

- Para-valvular regurgitation new procedure
- Vascular complications (a lot!) will cath-up!

- Valve durability (questionable) G J
- Other technical challenges
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TAVR and SAVR Endpoint Guidelines
 In preparation for pivotal FDA studies, a clinical research infrastructure was
developed and 2 decisions were made:

v TAVR must be valid @
v" Surgical colleagues i

European Hea
doi:10.1093/eu

ASE GUIDELINES AND STANDARDS

Recommendations for Noninvasive Evaluation of @
Native Valvular Regurgitation
A Report from the American Society of Echocardiography
Developed in Collaboration with the Society for Cardiovascular
Proposed Standat Magnetic Resonance

Endpoints for Car L A. Zoghbi, M Adans, RS, RDCS,FASE, Rt O, Bo

Roberto

An Academic Research Cc

Alexandra J. Lansky, MD,*" Steven R. Mess
H. Bart van der Worp, MD, PuD,* Ronald M.
= Eugene McFadden, MD," Nils H. Petersen, M
17 '77 N Vivian G. Ng, MD,*" Donald E. Cutlip, MD,™ Samir Kapadia, MD," Mitchell W. Krucort, MD," Axel Linke, MD,"
My 24 / n J -~ ,f'\ Claudia Scala Moy, PaD,? Joachim Schofer, MD," Gerrit-Anne van Es, PaD,* Renu Virmani, MD," Jeffrey Popma, MD,"
Michael K. Parides, PuD," Susheel Kodali, MD," Michel Bilello, MD, PuD,” Robert Zivadinov, MD, PuD,’
Joseph Akar, MD, PuD,® Karen L. Furie, MD, MPH,* Daryl Gress, MD,” Szilard Voros, MD,” Jeffrey Moses, MD,"
David Greer, MD,' John K. Forrest, MD,* David Holmes, MD,* Arie P. Kappetein, MD, PaD,™
Michael Mack, MD,*" Andreas Baumbach, MD"
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~ TAVR Odyssey - 2020
Key Messages

« The VARC initiative set the stage for PARTNER and MDT
CoreValve Pivotal trials, which arguably became the
most successful sequence of clinical trials EVER!

« The PARTNER trials and the MDT CoreValve studies
applied the highest level of clinical trial rigor, including
8 RCTs, to validate the relative safety and efficacy of
TAVR vs. control therapies (e.g. medical Rx or surgery)
In de-escalating risk strata over a ten-year period!
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= TAVR Patlent Selectlon for Cllnlcal Trials
Surgical Risk Stratification

Low

Intermediate

High
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Total = 1058 patients
\ 4 PR v
n= 700 High Risk 2 F_’arallel Trials: Inoperable N=358
v Individually Powered V
High Risk TF High Risk TA
v v v !
1:1 Randomization 1:1 Randomization 1:1 Randomization Not In Study
TAVI ‘l’ ' TAVI i . TAVI i Standard
Trans Supr\?/llgal Trans Slﬂ:\g/llgal Trans Therapy
femoral g apical g femoral yg (usually BAV)
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~ PARTNER SAPIEN Platforms
Device Evolution |

SAPIEN SAPIEN XT
Valve : \:
Technology

Sheath
Compatibility
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*First Implant Oct 30, 2012




PARTNER Manuscripts in NEJM
(October, 2010 — May, 2012)

The NEW ENGLAND The NEW ENGLAND
JOURNAL o MEDICINE JOURNAL o MEDICINE

ESTAELISHED IN 1812 OCTORBER 21, 2010 ESTABLISHED IN 1812 JUNE 9, 2011 VOL. 364 NO. 23
5 s N 2 OC » 2010

Transcatheter Aortic-Valve Implantation for Aortic Stenosis Transcatheter Hl}d Sl_Il‘gIC'a‘l Aortx;—\?al\re Replacement
in Patients Who Cannot Undergo Surgery in High-Risk Patients

The NEW ENGLAND JOURNAL of MEDICINE
ORIGINAL ARTICLE ORIGINAL ARTICLE

Transcatheter Aortic-Valve Replacement Two-Year Outcomes after Transcatheter
for Inoperable Severe Aortic Stenosis or Surgical Aortic-Valve Replacement

ar - GI D Ji M.D.,
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" PARTNER 5-year FU in Lancet
(March, 2015)

5-year outcomes of transcatheter aortic valve replacement
compared with standard treatment for patients with
inoperable aortic stenosis (PARTNER 1): a randomised
controlled trial

Samir RKapadia, Martin B Leon, Raj R Makkar, E Murat Tuzcu, Lars G Svensson, Susheel Kodali, John GWebb, Michael | Mack, Pamela S Douglas,
Vinod HT hourani, Vasilis C Babaliaros, Howard C Herrmann, Wilson Y Szeto, Augusto D Pichard, Mathew R Williams, Gregory P Fontana,
D Craig Miller, William N Anderson, JodiJ Akin*, Michael | Davidsont, Craig R Smith, for the PARTNER trial investigators

5-year outcomes of transcatheter aortic valve replacement or
surgical aortic valve replacement for high surgical risk patients
with aortic stenosis (PARTNER 1): a randomised controlled trial

e 'm'; n ,’ B Michael)Mack Martin B Leon, Craig R Smith, D Craig Miller, Jeffrey W Moses, E Murat Tuzcu, John GWebb, Pamela S Douglas, R

! William N Anderson, Eugene H Blackstone, Susheel K Kodali, Raj R Makkar, Gregory P Fontana, Samir Kapadia, Joseph Bavaria, Rebecca T Hahn, INYN- 10171 &
Vinod H Thourani, Vasilis Babaliaros, Augusto Pichard, Howard C Herrmann, David L Brown, Mathew Williams, Jodi Akin®, Michael | Davidsont,

Lars G Svensson, for the PARTNER 1 trial investigators
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- PARTNER 1B Trial — Extreme Risk

-~ -

All-Cause Mortality (ITT All-Cause Mortality (ITT)
All Patients i) @”RT“E'? Median Survival @ PARTNER

= Standard Rx (n = 179)
100% 1 == TAVR (n = 179 93 6%**

80.9% Bro% Standard Therapy

g

68.0%

p (log rank) < 0.0001

#

50.8%

2

HR [95% CI] = 0.50 [0.39, 0.65] TAVR
p (log rank) < 0.0001

All-Cause Mortality (%)
g

Months 0 5 10 15 20 25 30 35

‘:,-.‘::w?) 1 A 27 X197 1270 [,
my 1 GO |nwn-|lor'7'3!'-“

NoWNY N210 2N




N R | i Tk / L
~ : . A\ . | a4 -
), - ik

N B

~ PARTNER 1A Trial - High Risk

All-Cause Mortality (ITT) aa-xRTNER Aortic Valve Mean Gradient @55*““55
All Patients ( .

100% -
~~TAVR
90% - HR [95% CI] = ~=SAVR -=-TAVR
. Error bars = £ 1 Sfd D
80% —SAVR 104 [086. 124] 700 p 5 0 0001 Tor bars eV
1 p (log rank) = 0.76 67.8% |
270% - s e \
= g No structural valve deterioration that
5 0% Th e R required re-intervention.
= E o
§50% . 7&’ 400
= 40% - D
g T 3o
< 30% ©
O
20% c 200
10 o Error Bar_s Repr'e§er!t g ‘" 1d.7
% 95% Confidence Limits = 10.0 - : N
0% T T T T T 16.( 16 9y 9.9 10.6
0 12 24 36 48 60 0.0
No. at Risk Months post Randomization Baseline 1Year 2 Year 3 Year 4 Year S Year
SAVR 351 236 210 174 131 64 SAVR 299 158 123 86 61 48
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Study DeS|gn

Symptomatic Severe Aortic Stenosis

ASSESSMENT by Heart Valve Team
Operable (STS 2 4%)

Randomized Patients

n=2032
Enrollment Dates: Dec. 2011 — Nov. 2013

ASSESSMENT:
Transfemoral Access

Transfemoral (TF) Transapical (TA) / TransAortic (TAO)

1.1 Randomization (n = 1,550) 1.1 Randomization (n = 482)

¥ ] v
TF TAVR VS Surgical AVR TA/TAo TAVR S Surgical AVR
£ (n = 775) ' (n = 775) (n = 236) ' (n = 246)

Primary Endpoint: All-Cause Mortality or Disabling Stroke at 2 Years
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*First Implant Oct 30, 2012




The PARTNER 2A and S3i Trial
The NEJM and Lancet On-line (2016)

The NEW ENGLAND
JOURNAL of MEDICINE

. . -
Transcatheter aortic valve replacement versus surgical valve >@ '» ®

replacement in intermediate-risk patients: a propensity
score analysis

) )
MILTCUOD 1 ICTHILL, IVILW,, LUdaViU UWwW V ., YWHLAM . rearori, ivi.l

o (67 /nl77J-A- Philippe Pibarot, D.V.M., Ph.D., Rebecca T. Hahn, M.D., Wael A. Jaber, M.D.,

William N. Anderson, Ph.D., Maria C. Alu, M.M., and John G. Webb, M.D.,
for the PARTNER 2 Investigators*
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Primary Endpoint (ITT) .7 s
All-Cause Mortality or Disabling Stroke ( '''''

w
=
i

— Surgery

— TAVR

&
o

[
o

HR [95% CI] = 0.89 [0.73, 1.09]
p (log rank) = 0.253

All-Cause Mortality or Disabling Stroke (%)

21.1%
2 16.4% _.-1""','-:
."_’—’I—’—"_'—'-' 19.3¢
J""f'lj"
10 - 14.5%
& d A Y ! Y J T T T
12 15 18 21 24
Number at risk: Months from Procedure

Surgery 1021 838 812

PYILE Rl L yp) 3
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783 770 747 735 77 695

TF Primary Endpoint (ITT)
All-cause Mortality or Disabling Stroke

Number at risk:
TF Surgery 775 643 628 604 595 577 569 557 538

TAVR I7E 718 700 685 663

§ 50

;.',’ == TF Surgery HR: 0.79 [95% CI: 0.62, 1.00]

o wTF TAVF p (log rank) = 0.05

8]

o

£
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° . 20.4%
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Five-year Outcomes from the PARTNER
2A Trial: Transcatheter vs. Surgical

Aortic Valve Replacement In
Intermediate-Risk Patients

Vinod H. Thourani, MD
on behalf of The PARTNER Trial Investigators

TCT | San Francisco | September 28, 2019 @ IT;;RTNEI-:_(RIH



~Five-ye‘a‘r Outcomes from the PARTNER 2A Trial: Transcatheter vs.
Surgical Aortic Valve Replacement in Intermediate-Risk Patients (2020)

e NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 FEBRUARY 27, 2020 VOL. 382 NO.9

Five-Year Outcomes of Transcatheter or Surgical Aortic-Valve
Replacement
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~~ Primary Endpoint
ITT Population

80 -
o TAVR HR: 1.09 [95% CI: 0.95, 1.25]
> — Surgery P=0.21
< 60 -
o 47.9
= 40- 43.4
.é’
S
S 20 -
)
O
0 - T T T T T
12 24 36 48 "2 '769 127D I
NGwat-k bSan,Jv / \ NIO nths Inwn- ||01-'7'3!
TAVR 1,011 V \'./_/\82[3 — 785\ ( 687 581 \,(A 474

Surgery 1,021 =771 704 625 547 440



~ 7P‘ri;rhéry"Endeint"
Transfemoral Cohort

80 o

& TAVR TF HR: 1.02 [95% CI. 0.87, 1.20]

E/ — Surgery TF P=080

< 60 -

N

(@))

5 44.5

g 401 42.0

£

o

S 20 -

@

O

O A T | T | T
) A 12 24 36 48 o BB gl

Ncﬁﬁtmis.lz‘.n’:?73v /\ Nlonths ||n\un-||oa-‘7'3!

TAVR 775|667 =\ B2V (N - BABT S 464\ \ﬁ ~ 388

Surgery 775 ' 596 547 486 425 347



- Primary-Endpoint

Transthoracic Cohort
80 -
= TAVR TA/TAo HR: 1.32 [95% CI: 1.02, 1.71]
= — Surgery TA/TAo _
¢ 60- P =0.03 6%
7y
& 48.3
9 40 -
0
2
o
S 20 -
)
a
0 £ 1 T T T 1
TAVR 236 \./—”\m — 163V <\~ 139X S 117 S(JX = 86

Surgery 246 ST 157 139 122 93



~~ Aortic Valve Area
VI Population

5 . P <0.001 P <0.001 P =0.001
1.67
h | 1.57
L | 1.54 1.54 148 150
L 15 - ‘ ‘ , 4
@
L
<
@
= .
S
©
2 0.70 TAVR
0.5 — Surgery
'v'u,(y]/' a7 -xlsn_r:nn‘ i
:"7]5’/l7 4 jJ, ,2? ‘e
No 8P ERRoS: sefne ’/\\ _/3\0 DEVS 1 Year / 2 Years 3 Years 4 Years /\ 5 Y#E®s - |I017
TAVR 899 V| 827 695  V|[572 468 365 \ f“ 289

Surgery 861 726 590 490 413 349 259 Mean + SE
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~ TAVR Odyssey - 2020
Key Messages

* TAVR s ‘here to stay’ and will represent a growing
proportion of all AVR procedures in the future, in parallel
with increased global demographic needs.

* The TAVR revolution was was the inevitable result of
decades of bold progressive iteration in surgery, cardiac
imaging, and transcatheter therapies.




TAVR Odyssey - 2020

AS Incidence Will More Than Double by 2040

Age is an independent determinant Increased incidence fueled by aging
of AS population

Estimated Incidence of Aortic Stenosis

W, 2015 - 2040)%4
w ) FI9M

2.8% —_
B Mild - Moderate AS
B Severe AS
13M
1.3% &
0.2%
18-44 45-54 55-64 65-74 =75 2015 2030 2040
Age ARPFED)
.:Zi%'r 1210 DN - [\ / ’ Il ae ||0]'|7|3!
|
— 1' \‘ '/_/\_f e \ S U G P \ =N e e e ﬂf \ [_/\_-
Sourc‘és{f]) Nkomo et al Lancet 2006; 368:1005-11, 2) Os\zw rugge et al JACC 2013; 61(11):1002-1012, \

3) Rostagno et al. World J Cardiol 2019: 11(2):71-83, 4) United Nations World Population Prospects Accessed 4/1/19;



TAVR vs SAVR (isolated)

==SAVR =TAVR

2018

(annualized volume)
INWn- 1017 &
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TVT and STS refgf%tries (US only)




Estimat‘e'd‘ us TAVR Growth

/ # Cases (thousands) \

164\

67 W= 152 104
139
— 126
111
e 9
67
2018 2019 2020 2021 2022 2023 2024 2025_,///

w1 G

N2WNYT N210 2N [ [

2018 - 2025 the US TAVR Market
gvi_lLIncrease 2.5X!
Jv ,f'\

| | | {
| | Nt = SN

=4 N |

A\ |/

Current Maﬂ'{/et Proj

/% TAVR Cases (cw alll AVR)\

76%

48%

75 76

69 72
60 65

8

2018 2019 2020 2021 2022 2023 2024 2025#////

AN

In the US, by 2025, >75% of all AVR
will be TAVR! .
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AN— TAVR Odyssey zozo
The TAVR Makes Progress...
Rapid TAVR technology evolution

TAVR procedural refinements and simplification

Heart valve team acceptance

Dramatic reduction in complications and improved
outcomes

e I A ]
w2 )] 77.7 | ‘--‘-”
.;nown‘z 1210 DN 5 = /\ﬂ «\/\//A II'IW‘I ||0]'|7 ] @

1
2
3. Avalanche of TAVR clinical evidence
4
5
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Current “Standards” for TAVR

MDT Evolut R (PRO) Edwards Sapien 3
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TAVR Odyssey - 2020
The Self-Expandable Pathway...

14 14F
Evolut R Evolut PRO
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‘CoreValve / Evolut R/PRO Related Trial

ORIGINAL ARTICLE

Transcatheter Aortic-Valve Replacement
with a Self-Expanding Prosthesis

David H. Adams, M.D., Jeffrey J. Popma, M.D., Michael J. Reardon, M.D.,
Steven J. Yakubov, M.D., Joseph S. Coselli, M.D., G. Michael Deeb, M.D.,
Thomas G. Gleason, M.D., Maurice Buchbinder, M.D., James Hermiller, Jr.,, M.D.,
Neal S. Kleiman, M.D., Stan Chetcuti, M.D., John Heiser, M.D., William Merhi, D.O.,
George Zorn, M.D., Peter Tadros, M.D., Newell Robinson, M.D.,

George Petrossian, M.D., G. Chad Hughes, M.D., J. Kevin Harrison, M.D.,
John Conte, M.D., Brijeshwar Maini, M.D., Mubashir Mumtaz, M.D.,
Sharla Chenoweth, M.S., and Jae K. Oh, M.D.,
for the U.S. CoreValve Clinical Investigators™

Vol. 63, No. 19, 2014
ISSN 0735-1097/$36.00

Transcatheter Aortic Valve Replacement @(-_.(.Mk
Using a Self-Expanding Bioprosthesis in ORIGINAL ARTICLE
Patients With Severe Aortic Stenosis at
Extreme Risk for Surgery

Surgical or Transcatheter Aortic-Valve
ANc;ll S. Kleiman, MD,? David Heimansohn, MD, || James Hermiller, Jr, MD, | G. Chad Hughes, MD, ¢ Replacement in Interm ediate_RiSk Patients

J. Kevin Harrison, MD, 4 Joseph Coselli, MD,# Jose Diez, MD,# Ali Kafi, MD,
Theodore Schreiber, MD,™ Thomas G. Gleason, MD,i7 John Conte, MD, M.l. Reardon. N.M. Van Miecher
Maurice Buchbinder, MD, 5, G. Michael Deeb, MD,|||| Blasé Carabello, MD, 9«
Patrick W. Serruys, MD, PHD,## Sharla Chenoweth, MS,™ Jae K. Oh, MD,{

for the CoreValve United States Clinical Investigators

Jeftrey J. Popma, MD," David H. Adams, MD,| Michael J. Reardon, MD,i Steven J. Yakubov, MD,

Boston, Massachusetts; New York, New York; Houston, Texas; Columbus, Ohio; Indianapolis, Indiana;
Durbam, Nerth Carolina; Detroit and Ann Arbor, Michigan; Pittsburgh, Pennsylvania; Baltimore, Maryland;

Palo Alto, California; Rotterdam, the Netherlands; and Minneapolis and Rochester, Minnesota
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Figure 3

Cumulative Event Curve for All-Cause Mortality or Major
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“CoreValve USEx‘t'rér’n'e Risk Trial (Cohort - 2014)

5 6

7
!

Months Post Procedure

P<0.0001

Performance Goal=43%

26.0%
[22.1, 29.9]

Stroke

= oA N

S\

1 Manth 6 Months
N=470 N=-467

NYMHA B NYHA NYMANL I NYMA NV

Figure 4
NYHA Classification Over Time

12 Months
N~462

B Died Prior 1o Visit
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CoreValve US H/gh Risk Trial (2014)

40%
——=Transcatheter A=6.5
35% = ===Surgical ;
= 30% 28.6% )
= Prognostic
= 25%
£ advantage!
= 20% - 22.2%
2
3 15%
<
< 10% 14.1% Log-rank P=0.04
5%
0%
0] 6 12 18 24
No. at Risk Months Post-Procedure
Transcatheter 391 378 354 334 219
Surgical 359 343 304 282 191
— o8
o ) M A ERRERRERE] |
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" CoreValve SURTAVI Trial (2014)

e 1746 AS pts randomization.
* 1660 underwent TAVR or SAVR.
Mean (*=SD) age was 79.8£6.2 yrs.

Difference in 24-Mo Incidence
[TAVR vs. Surgery)

 All were @intermediate risk (STS, ST —
4 " 5 i 1 . 6%) . 26(1021t015.3 1-:u|1114l:_ T-T.[l:.

D Disabling Stroke

The primary end point was a
composite of death from any cause or
disabling stroke at 24 months

100

Disabling Stroke [3)

mw 12 P 77.7-\":-' \
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= TAVR TéChthogyEvqution

Conformité Européene (CE) Mark TAVR Systems

y .'n ()X . : 1
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Lotus Edwpeth

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
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- TAVR Odyssey - 2020
Accessory Technologies
« Cerebral embolic protection devices
« Dedicated pre-shaped guidewires
« Expandable and in-line sheaths
« Large hole closure devices
« Dedicated pacemaker catheters
« Specialized balloons
« Aortic valve remodeling technologies

v 1CO ML Af\dvanced imaging systems RGN |
e S




- TAVR Odyssey - 2020
s Accessory Technologies

Cerebral embolic
protection

*

\

MANTA
Collagen seal with

footplate and footplate
(14 and 18 Fr) losure 4
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TAVR Odyssey - 2020
Sentinel Trial (Kapadia S. et al JACC 2017)

TABLE 2 Clinical Outcomes

30-Day Clinical Outcomes Control Arm Safety | Device Arm

Any MACCE*
Death (all cause)

Stroke

Disabling
Nondisabling
AKI (stage 3)

TIA

Major vascular complication
Radial/brachial

Femoral

9.9 (11/111)
1.8 (2/111)
9.1 (10/110)
0.9 (1/109)
8.2 (9/110)
0.0
0.0
5.9 (7/119)
NA
5.9 (19)

7.3 (17/234)
1.3 (3/234)
5.6 (13/231)
0.9 (2/231)
4.8 (11/231)
0.4 (1/231)
0.4 (1/231)
8.6 (21/244)
0.4 (1/244)
8.2 (20/244)

Protected New Volumes, mm*3

Control
Study Arm

L T— B .
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~ TAVR Procedural Refinements
The minimalist strategy

Almost all TAVR cases worldwide
) are now candidates for some version
: of “minimalist” procedural strategy!
3 Median LOS after TAVR is 1-3 days at
Z most medical centers!
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“Outpatient” Same-Day TAVR
Sacre-Coeur Hospital, Montreal, CN

—-b

Featured Case Reports

Same Day Discharge after Transcatheter Aortic Valve
Replacement: Are We There yet?

"#" mp, Philippe Demers,’ mpo, and Frédéric Poulin,’ mp

Philippe Genereux,
Early discharge after transcatheter aortic valve replacement (TAVR) has been increas-
ingly reported, and is now becoming routinely performed in experienced TAVR centers.
However, to the best of our knowledge, no case has been described where a patient
was safely discharged on the same the day of the procedure. This report will present
the case of a patient who underwent a successful transfemoral TAVR and was safely
discharged home the same day. Specific requirements and criteria are proposed to
ensure the safety of this approach. © 2015 Wiley Periodicals, Inc.

Key words: TAVR; TAVI; discharge
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Genereux P et al. Catheter Cardiovasc Interv 2016:87:980- 2

I'27 'XI97 12D

[nwn- 017 &



~ N

- The ACCIAHA and ESC/EACTS‘guideIineS reflect the success of

TAVR trials in extreme / high / intermediate - risk patients.

ACC/AHA 2017
Update

ESC/EACTS
2017 Update

MY -’:“”7” . 77J
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Severe AS | Class |
Symptomatic

(stage D) | Class lla
| Class llIb

Low surgical Intermediate surgical High surgical Prohibitive surgical
risk risk risk risk

Surgical AVR | |Surgical AVR TAVR Surgical AVR or TAVR TAVR
(Class ) (Class I) (Class lla) (Class 1) (Class )

The choice for intervention must be based on careful individual evaluation of technical suitability and weighing of risks and benefits of each

modality (aspects to be considered are listed in Table 7). In addition, the local expertise and outcomes data for the given intervention must
be taken into account.

SAVR is recommended in patients at low surgical risk (STS or EuroSCORE Il < 4% or logistic EuroSCORE | < 10% and no other risk factors
not included in these scores, such as frailty, porcelain aorta, sequelae of chest radiatic;r‘.).93

TAVI is recommended in patients who are not suitable for SAVR as assessed by the Heart Team.”"”*

In patients who are at increased surgical risk (STS or EuroSCORE 11 > 4% or logistic EuroSCORE | >10% or other risk factors not included
in these scores such as frailty, porcelain aorta, sequelae of chest radiation), the decision between SAVR and TAVI should be made by the

Heart Team according to the individual patient characteristics (see Table 7), with TAVI being favoured in elderly patients suitable for transfe-
moral access,g"-g‘ﬁ—'loz




Aspects to be considered by the
Heart Team for the decision between

SAVR and TAVR in patients at
Increased surgical risk

(2017 ESC/EACTS Guidelines for
the management of valvular heart
disease)

N2wWnN'? N210 N

aICO NN \ \
|

Favours Favours
TAVI SAVR

STS/EuroSCORE Il <4%
(logistic EuroSCORE | <10%)*

STS/EuroSCORE Il 24%
(logistic EuroSCORE | 210%)"

Presence of severe comorbidity
(not adequately reflected by scores)

Age <75 years
Age 275 years
Previous cardiac surgery

Frailty®

Restricted mobility and conditions that may
affect the rehabilitation process after the
procedure

Susplaon of endocarditis

Favourable access for transfemoral TAVI -

Unfavourable access (any) for TAVI
Sequelae of chest radiation
Porcelain aorta

Presence of intact coronary bypass grafts at
risk when sternotomy is performed

Expected patient—prosthesis mismatch
Severe chest deformation or scoliosis

Short distance between coronary ostia and
aortic valve annulus

Size of aortic valve annulus out of range for
TAVI

Aortic root morphology unfavourable for TAVI

Valve morphology (bicuspid, degree
of calcification, calcification pattern)
unfavourable for TAVI

Presence of thrombx in aorta or LV --

cherc CAD requiring rcvascuhrnz‘mon by
CABG

Severe primary mitral valve disease, which
could be treated surglcally

Severe trlcuspld valve disease

Aneurysm of the ascending aorta -- ‘

Septal hypertrophy requiring myectomy

I'27 X197 12D
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~ The HEART TEAM

Valve Who’s Missing?

Cardiologist \
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% of Patients

. ‘I‘mp"ro\ie'd TAVR Clinical Outcomes
TAVR 30-day Mortality
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- The Importance of Low-Risk Patients

STS Database (141,905 pts)

Contemporary Real-World Outcomes of Surgical
Aortic Valve Replacement in 141,905 Low-Risk,
Intermediate-Risk, and High-Risk Patients

Vinod H. Thourani, MD, Rakesh M. Suri, MD, DPhil, Rebecca L. Gunter, MD,

Shubin Sheng, PhD, Sean M. O’Brien, PhD, Gorav Ailawadi, MD, Wilson Y. Szeto, MD,
Todd M. Dewey, MD, Robert A. Guyton, MD, Joseph E. Bavaria, MD,

Vasilis Babaliaros, MD, James S. Gammie, MD, Lars Svensson, MD, PhD,

Mathew Williams, MD, Vinay Badhwar, MD, and Michael J. Mack, MD

Ann Thorac Surg 2015;99:55-61

The ‘holy grail’ is the 80%
of aortic stenosis patients
receiving surgery who are in
the low-risk category!
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“TAVR Low-Risk RCTs

PARTNER 3 Trial EVOLUT Low Risk Trial

NEW ENGLANT Lat NS

Transcatheter Aortic-Valve Replacement with a Transcatheter Aortic-Valve Replacement with
Balloon-Expandable Valve in Low-Risk Patients a Self-Expanding Valve in Low-Risk Patients

mw 12 P 77.7 3
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~ PARTNER 3 Study Design

Symptomatic Severe Aortic Stenosis

Low Risk/TF ASSESSMENT by Heart Team
(STS < 4%)

l

1:1 Randomization

‘ 1000 Patients |
TAVR surgery
(SAPIEN 3 THV) ical Bioprosthetic Valve

-

Follow-up: 30 day, 6 mos, and annually through 10 years

PRIMARY ENDPOINT: SSees
Composite of all-cause mortality, stroke, or CV re-hospitalization Wn- 0¥ &
at 1 year post-procedure
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~ Baseline Patient Characteristics
Demographics and Co-Morbidities

% or mean * SD

Demographics & TAVR Surgery | Other TAVR Surgery
Vascular Disease (N=496) (N=454) | Co-Morbidities (N=496) (N=454)
Age (years) 73.3+58 73.6+6.1 |Diabetes 31.3% 30.2%
Male 67.5% 71.1% COPD (any) 5.1% 6.2%
BMI — kg/m? 30.7 5.5 30.3+5.1 | Pulmonary Hypertension 4.6% 5.3%
STS Score 1.9+£0.7 1.9+ 0.6 | Creatinine >2mg/dL 0.2% 0.2%
NYHA Class lll or IV* 31.3% 23.8% Frailty (overall; > 2/4+) 0) 0)
Coronary Disease 27.7% 28.0% Atrial Fibrillation (h/o) 15.7% 18.8%
Prior CABG 3.0% 1.8% Permanent Pacemaker 2.4% 2.9%
Prior CVA 3.4% 5.1% Left Bundle Branch Block 3.0% 3.3%
Peripheral Vascular Disease 6.9% 7.3% Right Bundle Branch Block 10.3% 13.7%
v ‘.J( V V V V

*p = 0.01




 Primary Endpoint

Death, Stroke, or Rehosp (%)

mv ?Mmala rs

Surgery 454 740 -390 381 377 3 =
TAVR 496 V 475 467 456

ANo2WwnN n210 DN

N
()

[N
o

o

0

== Surgery Upper 95% CI of
— TAVR risk diff = -2.5%

0
I:)non-im‘eriority< 0.001 15.1%

8.5%

HR [95% CI] =
0.54 [0.37, 0.79]

4.2%

superiority —

3 6 9 12
Months after Procedure

P = 0.001
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20

— Surgery HR [95% ClI] =
— TAVR 0.38 [0.15, 1.00]
Q P =0.04
o
S 10
7
<
LA 3.1%
Y
IO s Months from Procedure

S urgery 454 7\43 o 423 421 417
TAVR 496 \ 491 491 2 487 4
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Death or Disabling Stroke

20
— Surgery HR [95% ClI] =
— TAVR 0.34 [0.12, 0.97]
P =0.03
10

1.3% 2.9%
P e

Death or Disabling Stroke (%)

o 0.4% 3 6 9 12
o~ Months from Procedure o
w1 CENORIBARGR risk: ety |
""Surgery 454 \44 436 432 430 426 -
TAVR 496 \ 494 494 491 4



~ The Low-Risk Patient TAVR Journey

Clinical Care Pathway Clinical Outcomes

Same-day admission * Rare procedural complications

@ 30 days: mortality 0.4% and zero serious
strokes!

3/4 pts no general anesthesia (sedated, awake)

Femoral artery puncture
* Less pain, bleeding, AKI and post-procedure

No chest wall incision or CPB )
arrhythmias

< 1 hour procedure :
P * |Improved early recovery — QoL and increased

3/4 pts no ICU — Tx to floor activities
Discharge @1-2 days; 96% pts to home or self-  « @ 1 year: mortality 1% and serious strokes
care 0.2%

My 2N L p) —~ (\ /\
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Evolut™

Study Design 1468 randomized Buolut:
Trial
Low Surgical Risk

Screening Committee

Heart Team Evaluation Confirmed eligibility

1:1 Randomization
Stratified by site and need for revascularization

TAVR only TAVR + PCI

LTI Sub-Study LTI Sub-Study



K-M All-Cause Mortality or Disabling Stroke at 1 Year

Evolut™
Low Risk
Trial
10% -
< —TAVR Log-rank P = 0.065
O .., | TSAWR
_§ 8%
= IREL
O oo 4.6
= 2.7
® 30 Days —
O 4% - 2.5 e
g 0.7 —r —
4?'; 2% - o
- F,_,_/J_'
O% I [ [ [ [ [ [ [ [ [ [ [ 1
0 1 ) 3 4 5 6 7 8 9 10 11 )
No. at risk Months
TAVR 725 718 648 435
SAVR 678 656 576 366

63



Clinical Implications L
Death, Disabling Stroke and Heart Failure Hospitalizations to 1 Year Trial ok

e Composite Rates

TAVR SAVR Difference = -4.5%
56% 10.2% P =0.002

10%

8% -

6% -
“ HF Hospitalization

4% -

Estimated KM rates, %

Disabling Stroke

2% -

5 304 [VALUE]

0% |

TAVR SAVR



Valve Hemodynamics Fuolut

Low Risk
Trial

Lo TAVR Statistically Superior At All Time Points .

2.5 A - 50.0
z
Ng 2.0 A - 40.0 g
< 15 - L 300 2
= o
S &
g 1.0 A1 - 20.0 3
<< I
(0]¢]

0.5 A - 10.0

0.0 . . . . 0.0

Baseline 1 Mo 6 Mo 12 Mo 24 Mo

Implanted population. Core lab assessments.




"~ The Low-Risk TAVR Trials
An AS Treatment Paradigm Shift

“This is an historic
moment, and all of us
here should
remember it as such.”

Eugene Braunwald, ACC 2019
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' Updétéd Meta-analysis of 7 TAVR vs. Surgery RCTs

@ ESC Bipedi HewtJourtl GO1% 6111 FASTTRACK CLINICAL RESEARCH

European Society doi:10.1093/eurheartj/ehz275 TAVI
of Cardiology

Transcatheter aortic valve implantation
vs. surgical aortic valve replacement for

treatment of symptomatic severe aortic
stenosis: an updated meta-analysis

George C.M. Siontis'T, Pavel Overtchouk ® 'f, Thomas J. Cahill*’, Thomas Modine?,
Bernard Prendergast ©® 4 Fabien Praz ©® 1, Thomas Pilgrim @ A Tatjana Petrinic’,
Adriani Nikolakopoulou", Georgia Salanti®, Lars Sanéergaard7, Subodh Verma®,
Peter Juni’, and Stephan Windecker @ '*
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. Updéted Meta-analysis of 7 TAVR vs. Surgery RCTs
Mortality

TAVR — SUPERIOR CLINICAL PERFORMANCE
Meta-analysis of 7 RCTs

Siontis G et al, Ewropean Heart Jowrnal (2019

w17

N2wWnN'? N210 N

MORTALITY

Trials

m {F’AHTHEH 14
_MNOTIOMN
- PARTMER 2A
LEURTAVI
FARTMER 3
{

Evolut low risk

Overall {Heterogeneity £2<0.001)

17% relative risk reduction
up to 2 years

bl

Siontis GCM et al. Euré)

US CoreValve high risk

05 1 2 _
Favours TAVY Favours SAVR

e o . o, G

/
/
‘ |

ﬁ)ean Heart Journal 2019

HR {95% CI)

0.90(0.71-1.15)
0.79 (0.61 - 1.01)
0.72(0.33-1.59)
092(0.74-113)
0.98 (0.72-1.34)
0.41(0.14-1.17)

0.83 (0.41 - 1.67)

HR 0.88 (95% €I, 0.78-0.99), P= 0.030
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. Updéféd Meta-ahaIYSis of 7 TAVR vs. Surgery RCTs
Mortality Subgroups

TAVR vs. SAVR IN SUBGROUPS

Siontis G, et al. Eur Heart J. 2019

All-cause Mortality up to 2 years
7 randomized trials (N=8,020 pt)

Subgroup HR (95%C}) Pimarscsion

Surgical risk

High-risk 0.85(0.71 - 1.01) 0410
Intermediate risk 094 (0.79=-112)

Low-risk 0.69 (0.43 - 1.10)

Access route
Transfermaoral 082 (0.72 - 0.032
Transthoracic 147 (088 -

THV system
Balloon-expandatble 085 (076 -
Self-expandable 0.85(0.71-
e P -~
wn /n"’J ' Favours TAVI Favours SAVR ['27 X197 T31TJ.
1oL NWN- 10272 &
N2wWnN'? N210 N I L I
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. Updéféd Meta-ahaIYSis of 7 TAVR vs. Surgery RCTs

w19
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Mortality Subgroups

TAVR vs. SAVR IN SUBGROUPS

Siontis G, et al. Eur Heart J. 2019

All-cause Mortality up to 2 years
7 randomized trials (N=8,020 pt)

HR (95%C)

Subgroup

P.l]‘.l Ieraction

Surgical risk
High-risk
Intermediate risk
Low-risk

0.85(0.71 - 1.01) 0.410
0.94 (0.79 - 1.12)
069 (043 -1.10)

Access route
Transfemaoral
Transthoracic

0.83 (0.72 -
147 (088 -

THV system
Balloon-expandable
Self-expandable

0.88(0.76 -
0.85(0.71 -

Favours SAVR

Favours TAY

— ———————— N

\ ;
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. Updéted Meta-ahaIVSis of 7 TAVR vs. Surgery RCTs
Mortality Subgroups

TAVR vs. SAVR IN SUBGROUPS

Siontis G, et al. Eur Heart J. 2019

All-cause Mortality up to 2 years
7 randomized trials (N=8,020 pt)

Subgroup HR (95%C}) Pimarscsion

Surgical risk

High-risk 0.85(0.71 - 1.01) 0410
Intermediate risk 0.84(0.78 - 1.12)

Lew-risk 0865 (0.43-1.10)

Access route
Transfermaoral 082 (0.72 - 0.032
Transthoracic 147 (088 -

THV system
Balloon-expandable 0.89 (0.76 -
Self-expandable 085(0.71-
= P -~
mv wn n' 77J ' Favaurs TAVI Favours SAVR |'27 X197 Dm.
N2WNY N210 2N |I'I\!lu‘l . ||0]'.7'3 &
= Iy \‘“" |/ SN = . 3 "/\"'\J \‘ /_.,,/“\, e ; e Ve O e S ./‘\,,\J' 1‘ ’ SN

Siontis GCM et al. Euroﬁ)ean Heart Journal 2019



‘ Updéted Meta-analysis of 7 TAVR vs. Surgery RCTs
Stroke

TAVR — SUPERIOR CLINICAL PERFORMANCE

Meta-analysis of 7 RCTs
Siontis G et al, European Heart Journal (2019)

HR {95% Cl)
Any stroke

Chverall (Heterageneity 15=0.001) 0.81 (0.68 - 0.98)

Disabling stroke
Overall (Heteragenaily r=0,094) 0.78 (0.53-1.14)

0.5

Favaurs TAYI Favours SAVR

19% relative risk reduction
up to 2 years
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‘ Updéted Meta-analysis of 7 TAVR vs. Surgery RCTs

Secondary Endpoints

PERI-PROCEDURAL ADVERSE EVENTS AFTER
TAVR OR SAVR

Siontis G., ef al. Eur Heart J. 2018

HR (95%: CI) P

Acu thyij \i’ ‘HHI' "f? SAVR
Oweral (Heleragensily #=0 074) 0.56 (0,38 - 0.81)  0.002 T
44 T1avi

44 1av

Al

B e | ey @

SAVR
w&% MI bleed g reily =0 221 0.46 (0.31 - 0.68)  <0.001 ‘ LT L

Y44 TAav

=g
- L}
wn '77
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Siontis GCM et al. Euré)bean Heart Journal 2019
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Nine studies (n=6,124) were included.

TAVI was associated with a numerically,
but not statistically, significant reduced
mortality at 30 days (1.45% vs 2.1%,
p=0.05), and similar mortality at one year
(5.1% vs 5.0%, p=0.74) and a median of
two years (10.8% vs 9.8%, p=0.15).

In terms of periprocedural complications,
TAVI was associated with reduced risk for
stroke, bleeding and renal failure and an
Increase in vascular complications and
pacemaker implantation.

Eurolntervention 2019
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Meta;éhalysis of 9 TAV'R'vs. Surgery in Low AS Patients

Meta-analysis of transcatheter aortic valve implantation
versus surgical aortic valve replacement in patients at low
surgical risk

Guy Witberg

MD; Un Landes'~, MD; Adi Lador'~, MD; Dafna Yahav

R/ Ran Kornowski'?, MD

KEYWORDS

* aortic stenosis
risk stratification
*TAVI

Abstract

Aims: Although transcatheter aortic valve implantation (TAV1) is officially indicated for severe aortic ste-
nosis (AS) patients at intermediate or higher surgical nsk, the procedure is now increasingly being per-
formed in patients who are at low surgical risk. Data on the benefit of TAVI in this patient population are
limited, We therefore aimed to perform an updated meta-analysis of all published randomised controlled
trials (RCTs) and propensity score-matched studies comparing TAVI versus surgical aortic valve replace-

ment (SAVR) in patients at low surgical risk

Methods and results: We conducted a systematic review and meta-analysis of RCTs and observational
studies with propensity score matching (PSM) of TAVI versus SAVR in patients who are at low surgical
risk (mean STS score <4% and/or logistic EuroSCORE <10%), The primary outcome was mortality (exam-
ined at 30 days, one year and the longest available follow-up). The secondary outcomes included proce-
dural complications. Nine studies (n=6,124) were included. TAVI was associated with a numerically, but
not statistically, significant reduced mortality at 30 days (1.45% vs 2.1%, p=0.05), and similar mortality
at one year (5.1% vs 5.0%, p=0.74) and a median of two years (10.8% vs 9.8%, p=0.15). For both ime
points, there was significant heterogeneity between RCT/PSM studies, with the former suggesting survival
advantage for TAVI and the latter for SAVR. In terms of penprocedural complications, TAVI was assoc-
tated with reduced nisk for stroke, bleeding and renal failure and an increase in vascular complications and

pacemaker implantation

Conclusions: In patients who are at low surgical risk, TAVI seems to be associated with equivalent mortal-
ity up to a median follow-up of two years compared to SAVR. More data are required before TAVI can be

routinely considered as an alternative to SAVR in low-nisk patients




~ After the Low-Risk Trials
An AS Treatment Paradigm Shift
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Key Messages

 The favorable outcomes of TAVR in the low-risk trials have
established consistency across the entire surgical risk spectrum
suggesting that surgical risk estimation should no longer be the
basis to guide choices between TAVR and surgery.

 There will be a shift from a surgery-first to a TAVR-first strategy
for most AS patients. The Heart Team will weigh clinical and
anatomic characteristics to identify the best treatment option
for individual patients with transfemoral TAVR replacing surgery
as the default therapy in most cases!
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~ TAVR Odyssey - 2020
Key Messages

IMPORTANT CAVEAT: the low-risk clinical trial findings apply only
to the patient populations studied! Specifically doesn’t apply to
‘vounger’ (< 65 yo) patients, unfavorable TAVR anatomy

(non-TF access, some patterns of calcification, high-risk of CA
obstruction), complex concomitant CAD requiring treatment,
severe LV dysfunction, CKD, and multi-valve disease.
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“Next in Line” for TAVR
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Standardized definitions of structural
deterioration and valve failure in assessing
long-term durability of transcatheter and
surgical aortic bioprosthetic valves: a consensus
statement from the European Association of
Percutaneous Cardiovascular Interventions
(EAPCI) endorsed by the European Society of
Cardiology (ESC) and the European Association
for Cardio-Thoracic Surgery (EACTS)

Davide Capndannn’“, Anna S. Petronio!, Bernard Prer1dergast3,

Helene Eltchaninnﬂ“, Alec Vahanian!_. Thomas Mndines, Patrizio Lancellntti’,

Lars Snndergaardﬂ', Peter F. Ludman;, Corrado Tam burinr_'|1_. Nicolo Piazza' °_.

Jane Hancocl?, Julinda Mehilli!, Robert A. Byrne'?, Andreas Baumbach'?,

Avrie Pieter Kappetein“, Stephan Windeckerﬁ, Jeroen Bax”, and Michael Haude!”

Bioprosthetic Valve Dysfunction

Structural Nonstructural
Valve \ ‘
Deterioration

Thrombosis

Any abnormality not
intrinsic to the prosthetic
valwe itself (i.e,, intra- or

Infection involving any
structure of the prosthetic

Intrinsic permanent

changes of the prosthetic Thrombus development

New EU guidance with

standardized definitions
and endpoints to assess
bioprosthetic aortic valve
deterioration and failure

Echocardiographic follow-up (TTE and/or TOE)

Suspected
Thrombosis

Consider integration

Moderate HD: Wit MDCT scan

perform stress-
echocardiography
and/or re-evaluate 6
months thereafter

Consider
anticoagulant
therapy and re-
evaluation

Follow treatment
guidelines for
prosthetic infective

Continue serial
follow-up

valve (i.e., calcification,
leaflet fibrosis, tear or
flail) leading to
degeneration and/or
haemodynamic
dysfunction

para-prosthetic
regurgitation, prosthesis
malposition, patient-
prosthesis mismatch, late
embolization) leading to
degeneration and/or
dysfunction

on any structure of the
prosthetic valve, leading
to dysfunction with or
without thrombo-
embolism

valve, leading to
perivalvular abscess,
dehiscence, pseudo-
aneurysms, fistulae,
vegetations, cusp rupture
or perforation

Severe HD: Follow
treatment guidelines
for VHD

Confirmed
thrombosis: Follow
treatment guidelines
for VHD

Capodanno D et'al. Europ Heart J 2017

\/

endocarditis

1 X197 120

Ui« (1017 @



Incidence, Predictors, and Outcome of
Structural Valve Deterioration In
Transcatheter versus Surgical Aortic Valve
Replacement: 5 Year Follow-up from the
PARTNER 2 Trials — Intermediate risk

Philippe Pibarot, DMV, PhD & Rebecca Hahn, MD
on behalf of The PARTNER Trial Investigators
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London Valves | London | November 18, 2019 @ FARTNER I



-~ SVD-related HVD or BVF (Overall SVD)

P2A Surgery, P2A SAPIEN XT, & P2 S3i

e = —SAPIEN XT P2A Surgery vs P2A SAPIEN XT (5-year)
3 —Surgery HR: 0.38 [95% CI: 0.21, 0.66]
L —— S3i P < 0.001
(2l
o
g P2A Surgery vs P2 S3i (4-year)
T 10- HR: 0.88 [95% CI: 0.42, 1.85] ,_r'_r 9.5%
3 P=0.74
5 Ff_%,f
)
a 2.7% - 3.5
5) _,r"": .—-_r-'l""-r :
O -| T T T T 1
No.at risk: i < e 3 :
SUTer, 360'77Jv /\ 625 538 ﬁ/\ﬁ 449 346 S ﬁﬁ,’u-,ﬂ
SAPIEN XT 776 5 | 623 506 36 , 298

S3IR 890 V| 826 698 562 265 V|



- SVD-related HVD or BVF'(OVéfaII SVD) |
Israeli 3 Sites Registry (Orvin K. et al Am J Cardiol 2019)

* In 184 patients (40.9%) who
survived 5 years, prostheses
displayed sustained
hemodynamic performance, with
average peak and mean aortic
valve gradients of 16.2 == 8.9
and 9.2 = 6.6 mm Hg.

» Late structural valve deterioration
was found in 22 (12.3%) patients.
Of these, 16 (8.9%) experienced
valve deterioration and 6 (3.3%)
experienced valve failure.

Kaplan Meier plot

presenting freedom from valve dysfunction over follow up time.
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« Among the 6 patients with
bioprosthetic valve failure, only 3
underwent re-interventions.
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NN Subcllnlcal Leaflet Thrombosns characterlzed by hypo-

= attenuated leaflet thickening (HALT) and reduced leaflet

motion has been frequently observed in transcatheter and
surgical aortic bioprosthetic valves.




'PARTNER 3 Trial Study Design

Symptomatic Severe Aortic Stenosis

(‘-f“-r_(‘-

Low Risk/TF ASSESSVMIENT 0y rleart Tz P3-CAP

35 US Sites

Up to 2000 Patients
Bicuspid Under-represented

Registry Population Registry 1:1 Randomization

N=75 | N=100 [7 : —l ic Vi itral Vi

TAVR

. Surgery
| (SAPIEN 3 Valve) | (Surgictd,Bioprosthesis) 4FFFRFEFNFFAE

~ Up to 440 Patients (N = 435)
~ N=747 N=253 §N=132
-

Follow-up: 30 day, 6 mos, and annually through 10 years

(STS < 4%)

a1 21 1V i 8
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Composite of all-cause mortality, stroke, and CV re-hospitalization

at 1 year post-procedure.



-30-day HALT and Clinical Events

All Patients with Evaluable CTs — TAVR & SAVR

Day 7-30 Day 31-365

Clinical Events | 1

HALT at No HALT at 30 HALT at No HALT at
(n) 30 Days Days 30 Days 30 Days

(N=35) (N=311) (N=35) (N=311)
Death 0 0 0 4
Heart Failure 0 1 1 6
Angina 0 0 0 9
Myocardial Infarction 0 0 0 3
Clinical Valve
Thrombosis* 0 0 S 1
Stroke 0 0 1
TIA 1 1 2
Retinal Artery Embolism 0 1 1

*Defined according to VARC2 definition
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CTA System

(from 14 centers in North America, Europe and Asia)

Bicommissural Bicommissural

Tricommissural Raphe-type Non Raphe-type

3 commissures 2 commissures, 1 raphe 2 commissures, no raphe

Slit-like orifice Slit-like orifice |27 'X197 12D
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Jilaihawi H. JACC Imaging 2016
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BICUSpId VS. Trlcuspld TAVR Outcomes

A Propensity-Matched Analysis from the TVT Registry

63581 SAPIEN 3 Cases in
TVT Registry
(June 2015 — Feb 2018)

Propensity Matched
uﬁiﬁi&'éf\bﬂgﬁfﬁﬁis"ﬁd Ana Iysis

s o 1605 Valve-in-Valve

1792 Bicuspid AS 55023 Tricuspid AS * Missing values:
SAPIEN 3 Patients SAPIEN 3 Patients imputed using

Markov Chain Monte
Carlo method

 1:1 subject selection

* 24 baseline covariates

1:1 Propensity Matching

1792 Bicuspid AS 1792 Tricuspid AS * Logistic regression
SAPIEN 3 Patients SAPIEN 3 Patients model

i, 386 Sites 424 Sites 2
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Raj Makkar; TCT 2018



 Bicuspid vs. Tricuspid TAVR Outcomes
A Propensity-Matched Analysis from the TVT Registry

1-Year All-Cause Mortality

40 -
e Bjcuspid
35 - HR: 1.10 [95% CI: 0.83, 1.47] Tricuspid
Log rank P= 0.506
s ¥
S g5
2
= 20 -
©
s _
% 15
10 - 10.4%
5 =
O s - 7 ; T T T T T T z : T
0 3 6 9 12

Time in Months

Number at risk:

el Bjguspid 1792 552 530 521 372 =
wo § JIM A 11 w191 1
MY IS mngPespid 1792 626 589 578 417 i g
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~ Bicuspid vs. Tricuspid TAVR Outcomes

A Propensity-Matched Analysis from the TVT Registry

All-Stroke (%)

Number at risk:

= Bicuspid
00 L o o
Mmy i =g
No2WwnN n210 DN

%
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1-Year All Strokes

HR: 1.87 [95% CI: 1.17, 2.99]
Log rank P=0.008

Bicuspid
Tricuspid

3.4%

Time in Months

1792 546 524 515
/Y?QZ 615 580 567
l /_/\— : : L X
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BICUSpId VS. Trlcuspld TAVR Outcomes

A Propensity-Matched Analysis from the TVT Registry

Para-Valvular Leak

p=0.26 p=0.71 p=0.39
[VALUE] [VALUE] [VALUE] [VALUE] [VALUE] [VALUE]

0 82.4%
80.7% 0 72 1% 73.2% 69.9% 73.2% mSevere

Moderate
= Mild

None/Trace

Bicuspid  Tricuspid Bicuspid  Tricuspid Biscuspid  Tricuspid

Raj Makkar; TCT 2018
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Bicuspid Aortic Valve Morphology
and Outcomes After Transcatheter
Aortic Valve Replacement

CENTRAL ILLUSTRATION Death From Any Cause According to Morphological Features

Sung-Han Yoon, MD," Won-Keun Kim, MD," Abhijeet Dhoble, MD," Stephan Milhorini Pio, MD," No Calcified Raphe or ~. ad Ranhe or Calcified Raphe Plus
Vasilis Babaliaros, MD," Hasan Jilaihawi, MD,' Thomas Pilgrim, MD,* Ole De Backer, MD," Sabine Bleiziffer, MD, Excess Leaflet SRS P Excess Leaflet

Flavien Vincent, MD,' Tobias Schmidit, MD," Christian Butter, MD, Norihiko Kamioka, MD," Lena Eschenbach, MD, Calciﬁcation m Calciflcation
Matthias Renker, MD,"” Masahiko Asami, MD,* Mohamad Lazkani, MD," Buntaro Fujita, MD,""" Antoinette Birs, MD, (31.3%) {AD € OLY (26.0 %)
Marco Barbanti, MD," Ashish Pershad, MD," Uri Landes, MD," Brad Oldemeyer, MD,” Mitusnobu Kitamura, MD,

Luke Oakley, MD," Tomoki Ochiai, MD,* Tarun Chakravarty, MD,” Mamoo Nakamura, MD," Philip Ruile, MD,
Florian Deuschl, MD," Daniel Berman, MD," Thomas Modine, MD,"" Stephan Ensminger, MD,”

Ran Kornowski, MD," Rudiger Lange, MD,™ James M. McCabe, MD," Mathew R. Williams, MD,

Brian Whisenant, MD," Victoria Delgado, MD," Stephan Windecker, MD,” Eric Van Belle, MD,’ Lars Sondergaard, MD,’
Bernard Chevalier, MD,” Michael Mack, MD,” Jeroen J. Bax, MD,” Martin B. Leon, MD,* Raj R. Makkar, MD,

for the Bicuspid Aortic Valve Stenosis Transcatheter Aortic Valve Replacement Registry Investigators

p <0.001 log-rank

Yoon SH et al. J Am Coll Cardiol. 2020
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Yoon, 5.-H. et al. J Am Coll Cardiol. 2020;76(9):1018-30.
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7Jk’/ '7_1//) / n' 77J \ (Top) Schematic presentations of various bicuspid aortic valve morphology. Bicuspid aortic valve with no morphological features (calcified
:!‘IOL'JIJ? 2310150 o raphe or excess leaflet calcification), either, or both of these features. (Bottom) All-cause mortality according to the morphological features
i i 0

Event rates were calculated with the use of Kaplan-Meier methods and were compared with the log-rank test
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TAVR Failures R ..
Percutaneous Coronary Intervention
After Transcatheter Aortic Valve Replacement

Matias B. Yudi, MBBS,” Samin K. Sharma, MD,” Gilbert H.L. Tang, MD, MSc, MBA,' Annapooma Kini, MD®

CENTRAL ILLUSTRATION Coronary Reaccess After TAVR

1. Sinotubular junction
dimensions

2. Sinus height

3. Leaflet length and
bulkiness

4. Sinus of Valsalva width
5. Coronary height

1. Commissural tab
orientation

2. Sealing skirt height

3. Valve implant depth




~ TAVR Adjunct Pharmacology
Customized Patient-Based Therapy

BEFOREm DURING AFTER

Acetylsalicylic acid (ASA) UNFRACTIONATED ASA + CLOPIDOGREL

HEPARIN: — : ‘
target ACT 2300 Acetylsalicylic acid (ASA)

ARTE trial

Bivalirudin: & Non anti-VKA Oral

Y Anticoagulant
BRAVO
Rusdin snd Aortic Vaive intervention Qutcome Atlar “.; A",-)
, F

BvaliRudin and Aortic ¥ alve interventi

Low Molecular £ GALILEO
Weight Heparin
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I'he NEW ENGLAND JOURNAL of MEDICINE

A Controlled Trial of Rivaroxaban

after Transcatheter Aortic-Valve Replacement

G.D. Dangas, J.G.P. Tijssen, J. Wohrle, L. Sendergaard, M. Gilard, H. Mélimann,
R.R. Makkar, H.C. Herrmann, G. Giustino, S. Baldus, O. De Backer,
A.H.C. Guimaraes, L. Gullestad, A. Kini, D. von Lewinski, M. Mack, R. Moreno,

U. Schifer, ). Seeger, D. Tchétché, K. Thomitzek, M. Valgimig
R.C. Welsh, P. Wildgoose, A.A. Volkl, A. Zazula, R.G.M. van Amsterdam,
R. Mehran, and S. Windecker, for the GALILEO Investigators*
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~ Galileo = Study Design

Study Design

Open label, international, multicenter,
event-driven, randomized, controlled
trial comparing a rivaroxaban-based
antithrombotic strategy vs. an
antiplatelet-based strategy post-

successful TAVR
Study population:

Patients with
Primary efficacy endpoint: death, SUccesshITAVR
stroke, M, systemic
thromboembolism, symptomatic valve
thrombosis, or deep venous
thrombosis or pulmonary embolism | A
Primary safety endpoint: VARC-2
major, disabling or life-threatening
bleeding

wn X197 12D
MY L5 Y A A |
nown'Y N210 N [\ ‘J '1 f jnvn- ||0]'.7'3 &

Screening Period Ptanned Treatment Penod
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Dangas G et al. NEJM 2019 J



- Galileo = Clinical Outcomes

Primary Efficacy Endpoint (Intention-to-treat)

Time to death, stroke, myocardial infarction, symptomatic valve thrombaosis, pulmonary embolism, deep vein

Primary Safety Endpoint (Intention-to-treat)

Time to VARC life-threatening, disabling or major bleeding

015 020

All-Cause Mortality (Intention-to-treat)

0.10

2
L
-
Q
=
ey
)
=
E
=
o

Rivaroxaban arm vs. Antiplatelet arm
Hazard ratio, 1.69 (95% CI: 1.13-2.53); p=0.009

0.05
Cumulative risk

0.00

F
L
0

Nurmber at risk

Antiplateletarm  B1E
Rivaroxaban arm  82€

64 events (5.8 per 100 person-years)
Rivaroxaban arm

Cumulative risk

38 events (3.4 per 100 person-years)
Mumber at risk
Antiplatelet arm 818

Rivaroxaban arm 826 Antiplatelet arm

180 270 360 450 540 630 V20
— Days after randomization
o P Number at risk
mw e /n'77Jv \ I J

w Antiplatelet arm 818 a7 765 728 650 518 331 218
AN2WNT 1210 I Rivaroxaban arm 826 T3 759 718 636 499 356 219

Dangas G et al. NEJM 2019



POPULAR TAVI - Clinical Outcomes (cohort A)

RANDOMIZATION 1:1

PRIOR TO TAVI
N=690

ASPIRIN ALonE ASPIRIN + 3m CLOPIDOGREL
N=343 N=347

12 EXCLUDED 13 EXCLUDED
5 Screen failure 6 TAVI not initiated/completed
4 Died before TAVI procedure 4 Screen failure
2 TAVI not initiated/completed 3 Withdrew consent
1 Withdrew consent

Modified ITT ANALYSIS Modified ITT ANALYSIS
N=331 N=334

FOLLOW-UP: 1 YEAR

Co-PRIMARY OUTCOMES: . All bleeding [VARC 2)

CO-SECONDARY OUTCOMES: 1. CV mortality, non-procedural bleeding, stroke, or Ml
. CV mortality, ischemic stroke, or Ml

=4 ESC Congress 2020
v E¥®) The Digital Experience
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Jorn Brouwer et al. NEJM August 2020 9



All Blesding POPULAR TAVI (Cohort A)

95% C10.42to0 0.77
P =0.001

Aspirin + clopidogrel

Aspirin

TTTTTTTTTTT
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POPULAR TAVI (Cohort A)

CV Mortality, Non-Procedural Bleeding, Stroke, Ml

Y
MY i
aAN2WwN7 N210 20

RR 0.74

95% CI1 0.57 to 0.95

-8.2% (-14.9 to -1.5) o ,

Non-inferiority margin +7.5% Asplrln + CIOpIdDgre|

P =<0.001 (noninferiority)

P = 0.04 (superiority) 31.1%

23.0%

Aspirin

0 45 90 135 180 225 270 315 360

v | Vv ‘ [
| |



POPULAR TAVI (Cohort A)
CV Mortality, Ischemic Stroke, Ml

RR 0.98

95% CI1 0.62 to 1.55

-0.2% (-4.7 to 4.3)
Non-inferiority margin +7.5%
P =0.04 (noninferiority)

P =0.93 (superiority)

Aspirin + clopidogrel g g

9.7%
Aspirin

I'27 'XI97 12D
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Days since TM'/I—procedure



 POPULAR TAVI (Cohort B)
PLANNED TAVI AND ON OAC (COHORT B).

RANDOMIZATION 1:1
| PRIOR TO TAVI
N=326

OAC ALONE OAC + 3m CLOPIDOGREL
N=164

7 EXCLUDED 6 EXCLUDED

1 screen failure 2 screen failure

Modified ITT ANALYSIS Modified ITT ANALYSIS
N=157 N=156

CO-PRIMARY OUTCOMES:

'm.;n, CO-SECONDARY OUTCOMES: 1. CV mortality, non-procedural bleeding, all-cause stroke, and M P
:Zg%» ,m; o . CV mortality, ischemic stroke, and Ml 017" &

Y Jom Brouwer, et al. NEIM April 2020 o=




POPULAR TAVI (Cohort B)

0.3+
== QAC + clopidogrel

== QAC alone

o
(N}
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>
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13.4%

RR 0.77

95% CI1 0.46 to 1.31

-3.9% (-11.9 to 4.0)
Non-inferiority margin +7.5%

45 90 135 180 225 270 315 360

o
-

Cumulative event

Days since TAVI
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Transcatheter Aortic Valve Replacement for Degenerative
Bioprosthetic Surgical Valves
Results From the Global Valve-in-Valve Registry

Danny Dvir, MD:; John Webb, MD: Stephen Brecker, MD; Sabine Bleiziffer, MD;
David Hildick-Smith, MD: Antonio Colombo, MD; Fleur Descoutures, MD;

Christian Hengstenberg, MD: Neil E. Moat, FRCS: Raffi Bekeredjian, MD; Massimo Napodano, MD:
Luca Testa, MD, PhD: Thierry Lefevre, MD; Victor Guetta, MD; Henrik Nissen, MD, PhD;
José-Maria Hernandez, MD: David Roy, MD: Rui C. Teles, MD; Amit Segev, MD:

Nicolas Dumonteil, MD:; Claudia Fiorina, MD; Michael Gotzmann, MD; Didier Tchetche, MD:
Mohamed Abdel-Wahab, MD; Federico De Marco, MD; Andreas Baumbach, MD:;
Jean-Claude Laborde, MD; Ran Kornowski, MD

A _ . ® 23-mm device in stented

O 23mm devics instentiess N=202 from 38 cardiac centers

L] : @ 26-mm device in stented

Postpenceding 40 Edwards SAPIEN b () 26-mm device in stentless :
gradients (mmHg) ] :

20 A

1 year survival 85.8%

@ 26-mm device in stented
o 26-mm device in stentless
& 25-mm device in stented

40 : ; () 29-mm device in stentless

Post procedural
gradients (mmHg)

20

] - 6
0 ‘ 2 Time (months)

Bioprosthesis size large
Internal diameter {mm) 2208<23 223 Patient at risk: 202 119

Surgical valve internal diameter {mm) Survival (%0): 100 877

fq 999 A
o 1 _ : ' {27 197, 12D
.ﬂiu‘ﬁlv,a 50 NP~ Dvir D, et al. Circulation 2012 [Nwi- 07 &
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Original Investigation

Transcatheter Aortic Valve Implantation
in Failed Bioprosthetic Surgical Valves

Danny Dvir, MD; John G. Webb, MD; Sabine Bleiziffer, MD; Miralem Pasic, MD, PhD; Ron Walksman, MD; Susheel Kodali, MD; Marco Barbanti, MD;
Azeem Latib, MD; Ulrich Schaefer, MD; Josep Rodés-Cabau, MD; Hendrik Treede, MD; Nicolo Piazza, MD, PhD; David Hildick-Smith, MD;

Dominigue Himbert, MD; Thomas Walther, MD; Christian Hengstenberg, MD; Henrik Nissen, MD, PhD; Raffi Bekeredjian, MD; Patrizia Presbitero, MD;
Enrico Ferrari, MD; Amit Segev, MD; Arend de Weger, MD; Stephan Windecker, MD: Meil E. Moat, FRCS: Massimo NMapodano, MD; Manuel Wilbring, MD;
Alfredo G. Cerillo, MD; Stephen Brecker, MD; Didier Tchetche, MD; Thierry Lefévre, MD; Federico De Marco, MD; Claudia Fiorina, MD;

Anna Sonia Petronio, MD; Rui C. Teles, MD; Luca Testa, MD; Jean-Claude Laborde, MD; Martin B. Leon, MD; Ran Kornowski, MD;

for the Valve-in-Valve International Data Registry Investigators N=459 from 55 cardiac centers

Mechanism of surgical valve failure Surgical valve label size] Device used during valve-in-valve implantation

Log-rank P=.01 Log-rank P=.001 Log-rank P=.44

Type of valve failure Valve label size

Stenosis
Type of device

Balloon-expandable
|

Combined — _r

———————]

Self-expandable

Death Due to Any Cause, %




@ ESC European Heart Journal (2020) 0, 1-12

European Society doi10.1093/eurheartj/ehaa544
of Cardiology

FASTTRACK CLINICAL RESEARCH

Long-term outcomes after transcatheter
aortic valve implantation in failed
bioprosthetic valves

Sabine Bleiziffer'T, Matheus Simonato © !, John G. Webb?®, Josep Rodés-Cabau®,
Philippe Pibarot @ %, Ran Kornowski®, Stephan Windecker © ,

Magdalena Erlebach’, Alison Duncan’, Moritz Seiﬁ'ert’, Axel Unbehaun'o,

Christian Frerker'', Lars Conzelmann'?, Harindra Wijeysundera'?,

Won-Keun Kim © “, Matteo Montorfano © 15, Azeem Latib © “, Didier Tchetche",
Abdelhakim Allali ® '®, Mohamed Abdel-Wahab'?, Katia Orvin®, Stefan Stortecky®,
Henrik Nissen?®, Andreas Holzamer?!, Marina Urena??, Luca Testa © 23,

Marco Agrifogliou, Brian Whisenant © 25, Janarthanan Sathananthan®,

Massimo Napodano“, Antonio Landi ® %%, Claudia Fiorina®?’, Armin Zittermann ® ',
Verena Veulemans?®, Jan-Malte Sinning". Francesco Saia*°, Stephen Brecker®',
Patrizia Presbiteron, Ole De Ba:kern, Lars Sondergaardn. Giusepee Bruschiu,
Luis Nombela Franco“, Anna Sonia Petronio“. Marco Barbanti © 3 H

Alfredo Cerillo*®, Konstantinos Spargias®’, Joachim Schofer*®, Mauricio Cohen',
Antonio Munoz-Garcia*?, Ariel Finkelstein**, Matti Adam'’, Vicenc Serra**,

Rui Campante Teles“. Didier Champagnac“, Alessandro Iadanza", Piotr Chodor“,
Holger Eggebrecht*’, Robert Welsh®*°, Adriano Caixeta © *', Stefano Salizzoni ® %2,
Antonio Dager”. Vincent Auﬂret". Asim Cheema”, Timm Ubben“,

Marco Ancona", Tanja Rudolph', Jan Gummert'. Elaine Tseng”. Stephane Noble“,
Matjaz Bunc®’, David Roberts®’, Malek Kass®’, Anuj Gupta“, Martin B. Leon®®, and
Danny Dvir © 5465

Dvir D et al. EHJ 2020
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Cumulative incidence (%)

All-Cause Reintervention - Pre-Existing Severe PPM

SHR 4.34 (95% C1 1.31 - 14.39)
p=002

Pre-existing none or moderate PPM

4
Time (Years)

Pre-existing severe PPM

SHR 3.34 (95% C1 1.26 - 8.85)
p=002

Cumulative incidence (%)

4
Time (Years)

Survival - Aortic Valve-in-Valve

Large bioprosthesis

Survival (%)

Small bloprosthesis

Time (Years)
Patients at risk

490

All-Cause Reintervention - Type of THV

4

Time (Years)
Patients at risk
Large bioprosthesis 387 201

Small bioprosthesis 450 204




TAVR Odyssey - 2020
 As a new wave of clinical indications for aortic valve therapy are

being explored which will further expand the application of
transcatheter solutions.

v Valve vs. valve comparison

v'AS + concomitant disease (CAD, MR/TR, AF)
v Severe asymptomatic AS

v' Moderate AS + CHF

v' High-risk severe AR
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~ TAVR Odyssey — 2020

My Final Comments

| had the privilege to witness the TAVR evolution over the past
20 years, to study the field, to learn the technique from the
pioneers and top experts, to teach others, to help AS patients
in need, to explore and research, to contribute a bit and to
look for the future with great excitement.

| feel lucky to be part of this thrilling journey and | recommend
the young generation of Israeli cardiologists to “get on board”
at the various tremendously important specialties of structural

.iwhﬁgg:giseases and interventions. ;
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