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BACKGROUND

The elderly population in the world is growing exponentially

80% of patients >80 years have identifiable
cardiovascular disease

Raja SG. Curr Cardiol Rev. 2012;8(1):26-36

According to the latest census, the population
aged over 85 years was

5.7 million in 2010 e 1980-62.5years
e 2013 -74.9 years

Brazilian life expectancy is increasing :

The projection is that is expected to exceed 19

million in 2050
* The proportion of elderly increased

from 3.9% (1999) to 5.1% (2009)

http://www.census.gov/population/www/projections/summaryta IBGE 2013
bles.html




BACKGROUND

Heart. 2011 Jan;S7(2}:91-3. Epub 2010 Dec 13.
Valvular heart disease: the next cardiac epidemic.
d’Arcy JL, Prendergast BD, Chambers JB, Hay 2G, Bridgewater B.

* Prevalence of valvular heart disease in the USA is 2.5%
* 0.7% in those aged 18—44 years
* 13.3% in those over the age of 75 years

* In UK, the situation is similar, currently

* 120.000 pts with > 75 years - with moderate or
severe aortic stenosis

* 60.000 pts between 65-74 years




Data from 5th National Adult Cardiac Surgical Database Report
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SURGICAL AORTIC VALVE REPLACEMENT

Surgery is a well established
therapy that improves survival

Valve replacement
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Schwarz Circulation 1982:66:1105-1110



SURGICAL AORTIC VALVE REPLACEMENT

 SAVR has been the
standard of care in pts
with severe aortic
stenosis for the past half
century.

e About 300.000 operations/yr
* More than 40 years of clinical
experience

* Prostheses are reliable

* Predictable and low risks

l * Long term results available




SAVR InCor - FMUSP

More than 700 valvar operations per year
This number is increasing year by year
Long waiting list for the operation

The SAVR is relatively more frequent than 5 and 10 years
ago

Biological prosthesis is more used than mechanical ones




Data from 5th National Adult Cardiac Surgical Database Report

UKCSR: Activity and mortality trends for isolated heart valve surgery (n=131,899)
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SURGICAL AORTIC VALVE REPLACEMENT

Patient |Number of
Cohort Patients | mortality | mortality

Allisolated 19 041 2.1% 5.5%
AVR ’ ' '

ALAVRIN 3187 4%  10.2%

patients >/=
80 years



SURGICAL AORTIC VALVE REPLACEMENT

Patient |Number of
Cohort Patients | mortality | mortality

ALAVRIN 4783 24%  6.2%

patients 70-
80 yrs

ALAVRIn 5727 13%  3.7%

patients 60-
70 yrs






Sutureless Valve Systems

Medtronic (ATS) Enable

Sorin Perceval S

Edwards Intuity Quick-
connect System



http://www.google.com.br/url?sa=i&rct=j&q=edwards+intuity+quick-connect&source=images&cd=&cad=rja&docid=kO6z61W5YOsXVM&tbnid=JabEvAtv2WIyFM:&ved=0CAUQjRw&url=http://www.medgadget.com/cardiac_surgery/page/15&ei=XLX6UcbtHIrq8gTsvYGACA&psig=AFQjCNGk8JXIn_QMnibL2v3Q1PS_I3h4zg&ust=1375471299047622

SURGICAL AORTIC VALVE REPLACEMENT

* Despite the natural
history of untreated
aortic stenosis, at least
30% of symptomatic pts

do not receive SAVR .
Comorbidity
* The mainly reasons for

this lack of treatment are Age
advanced age and/or
other comorbidities.

disease

Moses JW et al. Am Coll Cardiol / Jul 06, 2011




LIMITS TO SURGICAL AORTIC VALVE REPLACEMENT
—

LIMITS RELATED TO

COMORBIDITY

CONCOMITANT CORONARY
ARTERY DISEASE

Limits to surgery for aortic valve
CONTRACTILE RESERVE

stenosis

An artiche from the §-Jeumal of the ESC Councl for Cardiciogy Practics

- TECHNIQUE




TRANSCATHETER AORTIC VALVE REPLACEMENT

Transcatheter aortic
valve replacement
(TAVR) is an
alternative to
surgical valve
replacement in high-
risk patients with
aortic stenosis

Smith CR et al. N Engl ) Med 2011;364:2187-2198,



Conventional AVR TAVR

<)

PRO PRO

- easy operation - less invasive, fast
- established for decades - no intubation (transfemoral)
- excellent results (no AR) - No extracorporal circulation

CONTRA CONTRA
- Invasiveness (thoracotomy) - In the learning phase
- Intubation - suboptimal results in case of
- use of extracorporal circulation severe calcification

- designs of transcatheter heart
valves not optimal yet




TAVR use in Brazil

* The TAVR valves are not approved in public health system
patients (70% of the population)

* The main reason for that is the cost of the TAVI device

* TAVR valves are used in private health system (30% of the
population)




TRANSCATHETER AORTIC VALVE REPLACEMENT

Several randomized studies demonstrate the efficacy and safety of
transapical and Transfemoral techniques of aortic prosthesis implant

TABLE 1. Edwards Sapien transcatheter heart valve registries

REVIVE. REVIVAL, SOURCE

PARTNER EU registry (TF) France registry Belgium registry Canada registry (TF)
Characteristic (N =222) (N =920) (N=1137) (N = 303) (N =162)
Demographics
Age (y) 83 82 83 83 83
Female (%) 55 56 49 46 H
EuroSCORE (mean, %) 26 24 23 29 26
NYHA functional class VIV (%) 89 76 75 80 93
Aortic valve area (cm?) 0.59 0.70 0.67 0.60 0.63
Mean gradient (mm Hg) 45 49 48 47 48
Prior CABG (%) 26 15 19 20 30
Ejection fraction (%) 51 52 53 50 55
Outcomes

30-day mortality (%) 10.4 T3 7.8 8 9.5

1-y mortality (%) 24 18.9 NR NR NR
Stroke (%) 33 35 35 5.0 3.0
Major vascular complications (%) 219 11.3 11.3 NR 13.1
Permanent pacemaker (%) 1.8 6.7 8.5 4.0 36

Data are derived from the Edwards Lifesciences briefing document for the U.S. Food and Drug Administration (FDA) Circulatory Devices Advisory Panel meeting on TAVR on
July 21, 2011 (htp://www.fda.gov/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/CirculatorySy stemDevicesPanel/
ucm240575.htm). CABG, Coronary artery bypass graft; NR, not reported; NYHA, New York Heant Association; TF, transfemoral.



PARTNER TRIAL

The first randomized controlled trial to

determine the safety and effectiveness
of a TAVI device and delivery systems
(transfemoral and transapical) in high-

risk patients with severe symptomatic

aortic stenosis

THE

PARTNER

TRIAL

The PARTNER Trial represents a
paradigm shift in clinical trial design
and execution for high-risk pts with

severe aortic stenosis:

Rigorous study protocols
and management
Careful patient selection
Interdisciplinary in all
aspects

Strict site selection

Edwards Lifesciences. The PARTNER trial. CD-Rom, 2011.




PARTNER TRIAL SITES
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Symptomatic Severe Aortic Stenosis

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

Total = 1,057 patients
N=0699 WIELEIE 2 Parallel Trials: Inoperable BULES
Individually Powered 1

ASSESSMENT: : ASSESSMENT:
Yes Transfemoral Transfemoral
Access : Acelcu

Transfemoral (TF) ?

1:1 Randomization 1:1 Randomization 1:1 Randomization -

N =244 N = 248 N = 104 N =103 § N=179

TF TAVR n TA TAVR n TFTAVR
Vs
Primary Endpoint: All-Cause Mortality at 1 yr : Primary Endpoint: All-Cause Mortality
{Non-inferiority) : Over Length of Trial (Superiority)
: Co-Primary Endpoint: Compaosite of All-Cause Mortality

and Repeat Hospitalization (Superiority)

Edwards Lifesciences. The PARTNER trial. CD-Rom , 2011.



Symptomatic Severe Aortic Stenosis

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

Total = 1,057 patients
LEL B High Risk 2 Parallel Trials:
Individually Powered

=y

1:1 Randomization 1:1 Randomization

N =244 N =248 N=104

' Vs
Primary Endpoint: All-Cause Mortality at 1 yr
(Non-inferiority)

Edwards Lifesciences. The PARTNER trial. CD-Rom , 2011.




PARTNER TRIAL

 TAVR is the recommended treatment for “inoperable” patients with

severe aortic stenosis, based upon 1-year results of the PARTNER trial
which demonstrated reduced mortality and improved quality of life

* These findings were maintained at 2 years and 3 years

M EnglJ Med. 2011 Jun %;364(23):2187-98. doi: 10.1056/NEJMoa1103510. Epub 2011 Jun 5. 1-Year outcomes
Transcatheter versus surgical aortic-valve replacement in high-risk patients.

Smith CE, Leon MB, Mack M.J, Miller DC, Moses JW, Svensson LG, Tuzcu EM, Webb JG, Fontana GP, Makkar BR, Williams M, Dewey T, Kapadia S, Babaliaros
W, Thourani ¥H, Corso P, Pichard AD, Bavaria JE, Herrmann HC, Akin JJ, Anderson WH, Wang D, Pocock SJ; PARTMER Trial Investigators.

Collaborators (209)

M Engl Med. 2012 May 3;366(18):1686-25. doi: 10.1056/NEJMea1200384. Epub 2012 Mar 26. Z-Year OUtcomes
Two-year outcomes after transcatheter or surgical aortic-valve replacement.

Kodali SKE, Williams ME, Smith CR, Svensson LG, Webb JG, Makkar ER, Fontana GP, Dewey TM, Thourani VH, Pichard AD, Fischbein M, Szeto WY, Lim 5,

Greason KL, Teirstein PS, Malaisrie SC, Douglas PS, Hahn BT, Whisenant B, Zajarias A, Wanag D, Akin JJ, Anderson WHN, Leon MB; PARTHNER Trial
Investigators.

Collaborators (187)

Circulation. 2014 Oct 21;130(17):1483-92. doi: 10.1161/CIRCULATIONAHA. 114.009334. Epub 2014 Sep 9.

3-Year outcomes

Long-term outcomes of inoperable patients with aortic stenosis randomly assigned to transcatheter aortic valve
replacement or standard therapy.

Kapadia SR Tuzcu EM?, Makkar RR?, Svensson LG?, Agarwal 2, Kodali 52, Fontana GP?, Webb JG?, Mack M2, Thourani VH?, Babaliaros VC2, Herrmann
HC?, Szeto W?, Pichard AD?, Williams MR, Anderson WN®, Akin JJ°, Miller DC?, Smith CR®, Leon MB?.




MORTALITY — ALL-CAUSE DEATH

Probability (%)

—— TAVR group
— SAVR group

HR 1.04, 95% C1 0-86-1-24; p=0-76

Number at risk
TAVR group 348
SAVR group 351

12 24 36
262 228 191
236 210 174

Mack MJ et al. Lancet.

1 1

48 60
154 61
131 64

2015 Jun 20;385(9986):2477-84.




PARTNER TRIAL - 5-YEAR OUTCOMES

At1year At Gyears
TAVR group SAVR group TAVR group (n=348) SAVR group (n=351) Log-rank pvalue
(n=348) (n=351)
Death
From any cause 84(24-2%) 89 (26-8%) 229 (67-8%) 198 (62-4%) 076
From cardiovascular causes 46 (14-0%) 40(13-0%) 147 (53-1%) 123 (47-6%) 0-67
Repeat hospital admission 59 (18-5%) 51 (17:7%) 108 (42-3%) 81(34-2%) 017
Death from any cause or repeat hospital admission  121(34-9%) 125(37-7%) 265 (77-8%) 228 (71:3%) 0-49
Stroke or transient ischaemic attack
All 28 (8-6%) 13 (4-3%) 42(15:9%) 33(147%) 035
Stroke 20 (6-0%) 10 (3-2%) 29 (10-4%) 26 (11:3%) 0-61
Transient ischaemic attack 8 (2-6%) 4 (1-5%) 14(63%) 8 (3-8%) 030
Stroke or death from any cause 95(27-4%) 95 (28-6%) 236 (69-8%) 200 (62:9%) 039
Stroke or transient ischaemic attack, or death from 102 (29-4%) 98 (29-5%) 242 (71-6%) 205 (64-4%) 0-35
any cause
Myocardial infarction 0 (0-0%) 2(0-6%) 5(2:9%) 11 (5:9%) 015
Major vascular complication 40 (11-6%) 13 (3-8%) 41(11-9%) 14 (47%)
Major bleeding 52 (15:7%) 88 (26:7%) 75 (26-6%) 103 (34-4%)
ndocarditis 2(0-6% 3(1-0% 5(2-0% b (2:5% 0-65
Renal failure 18 (5-4%) 20 (6-5%) 24 (8-6%) 24 (8-5%) 0-69
New pacemaker 21(6-4%) 17 (53%) 28 (97%) 23(9-1%) 0-64

Mack MJ et al. Lancet. 2015 Jun 20;385(9986):2477-84.




PARTNER TRIAL - 5-YEAR OUTCOMES

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

Michael ] Mack, Martin B Leon, Craig R Smith, D Craig Miller, Jeffrey W Moses, E Murat Tuzcu, John G Webb, Pamela S Douglas,

William N Anderson, Eugene H Blackstone, Susheel K Kodali, Raj R Makkar, Gregory P Fontana, SamirKapadia, Joseph Bavaria, Rebecca T Hahn,
Vinod H Thourani, Vasilis Babaliaros, Augusto Pichard, Howard C Herrmann, David L Brown, Mathew Williams, Jodi Akin*, Michael ] Davidsont,
Lars G Svensson, forthe PARTNER 1 trial investigators

Summary

Background The Placement of Aortic Transcatheter Valves (PARTNER) trial showed that mortality at 1 year, 2 years,
and 3 years is much the same with transcatheter aortic valve replacement (TAVR) or surgical aortic valve replacement
(SAVR) for high-risk patients with aortic stenosis. We report here the 5-year outcomes.

Methods We did this randomised controlled trial at 25 hospitals, in Canada (two), Germany (one), and the USA (23).
We used a computer-generated randomisation sequence to randomly assign high-risk patients with severe aortic
stenosis to either SAVR or TAVR with a balloon-expandable bovine pericardial tissue valve by either a transfemoral or
transapical approach. Patients and their treating physicians were not masked to treatment allocation. The primary
outcome of the trial was all-cause mortality in the intention-to-treat population at 1 year, we present here predefined
outcomes at 5 years. The study is registered with ClinicalTrials.gov, number NCT00530894.

Findings We screened 3105 patients, of whom 699 were enrolled (348 assigned to TAVR, 351 assigned to SAVR).
Overall mean Society of Thoracic Surgeons Predicted Risk of Mortality score was 11-7%. At 5 years, risk of death was
67-8% in the TAVR group compared with 62-4% in the SAVR group (hazard ratio 1-04, 95% CI 0-86-1-24; p=0-76).
We recorded no structural valve deterioration requiring surgical valve replacement in either group. Moderate or
severe aortic regurgitation occurred in 40 (14%) of 280 patients in the TAVR group and two (1%) of 228 in the SAVR
group (p<0-0001), and was associated with increased 5-year risk of mortality in the TAVR group (72-4% for moderate
or severe aortic regurgitation vs 56-6% for those with mild aortic regurgitation or less; p=0-003).

Interpretation Our findings show that TAVR as an alternative to surgery for patients with high surgical risk results in
similar clinical outcomes.

Funding Edwards Lifesciences.

S@R®

CrossMark

Lancet 2015; 385: 2477-84

Published Online

March 15, 2015
httpy//dx.doi.org/10.1016/
50140-6736(15)60308-7

See Comment page 2439
See Articles page 2485
*J Akin MS has no affiliations

M J Davidson died in
January, 2015

Baylor Scott & White Health,
Plano, TX, USA

(Prof M ) Mack MD); Columbia
University Medical Center/
New York Presbyterian
Hospital, New York, NY, USA
(Prof M B Leon MD,

Prof CR SmithMD,

Prof JW Moses MD,

S KKodali MD, RT Hahn MD);
Stanford University School of
Medicine, Department of
Cardiovascular Surgery, Falk CV
Research Center, Stanford, CA,
USA (Prof D C Miller MD);
Cleveland Clinic, Cleveland, OH,
USA (Prof E M Tuzcu MD,

E H Blackstone MD,

Mack MJ et al. Lancet. 2015 Jun 20;385(9986):2477-84.




PARTNER 5-YEAR

Lancet. 2015 Jun 20;385(9986).2439-41. doi: 10.1016/50140-6736(15)60568-2. Epub 2015 Mar 15.

PARTNERS in the future of surgical aortic valve replacement.
Kappetein AP".

= Author information

1Department of Cardio-Thoracic Surgery, Erasmus University Medical Center, 3000 CA Rotterdam. Netherlands. Electronic address:
a.kappetein@erasmusmc.nl.




FINAL REMARKS - PARTNER TRIAL - 5-YEAR OUTCOMES

« PARTNER Trial - consistent results
* TAVR is safe and effective

« Inoperable patients: TAVR is superior to medical

treatment
* High risk patients: TAVR iIs similar to SAVR

« Durability of the prostheses over five years remains

uncertain

e Other patient groups could be included in the near

future In this new treatment




What the

guidelines say?

-




GUIDELINES

J Thorac Cardiovasc Surg. 2014 Jul;148(1).e1-e132. doi: 10,1016/ jtcvs.2014.05.014. Epub 2014 May 9.

2014 AHA/ACC guideline for the management of patients with valvular heart disease: a report of the American
College of Cardiclogy/American Heart Association Task Force on Practice Guidelines.

Mishimura BA, Otto CM, Bonow BEQ, Carabello BA, Erwin JP 3rd, Guyton BA, O'Gara PT, Buiz CE, Skubas NJ, Sorajja P, Sundt T 3rd, Thomas J0, Anderson
JL, Halperin JL, Albert WM, Bozkurt B, Brindis RG, Creager MA, Curtis LH, DelMets D, Guyton BA, Hochman JS, Kovacs R, Ohman EM, Pressler SJ, Selllke FW,
Shen WE, Stevenson WG, Yancy CW; American Colleqe of Cardiology; American College of Cardiology/American Heart Association; American Heart

Acocnriatinn

TABLE 10. Summary of recommendations for AS: Choice of surgical or transcatheter intervention

Recommendations COR LOE References

Surgical AVR is recommended in patients who meet an indication for AVR (Section 3.2.3) with I A e
low or intermediate surgical risk

For patients in whom TAVR or high-risk surgical AVR is being considered, members of a Heart l C N/A
Valve Team should collaborate to provide optimal patient care

TAVR is recommended in patients who meet an indication for AVR for AS who have a I B T
prohibitive surgical risk and a predicted post-TAVR survival >12 mo

TAVR is a reasonable alternative to surgical AVR in patients who meet an indication for AVR Il B asao
(Section 3.2.3) and who have high surgical risk (Section 2.5)

Percutaneous aortic balloon dilation may be considered as a bridge to surgical or transcatheter [Ib E N/A
AVR in severely symptomatic patients with severe AS

TAVR is not recommended in patients in whom existing comorbidities would preclude the [II: No Benefit B g

expected benefit from correction of AS

Nishimura RA et al. J Thorac Cardiovasc Surg. 2014;148(1):el1-e132. -



FINAL REMARKS - SAVR

* Very well established operation
* Very safe and consistent results

 The number of operations is still high and we have

waiting list for the operation

 The number of TAVR is increasing in private
patients in Brazil for non operable and high risk
patients

 No TAVR in public health system in Brazill




Hybrid operating room with the support of a
multidisciplinary team (surgery, cardiology,
anesthesia, echocardiography, CPB support)
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CHANGES IN BRAZILIAN POPULATION PYRAMID

Brasil : 1970
Masculino Feminino

10 8 6 Kl 10

Populagdo (em mihoes)
Fonte: U.S. Census Bureau, International Data Base.
Brasil : 2025
Masculino Feminino

10 8 6 < 2 0 0 2 10
Populagao (em mihdes)
Fonte:u.s. Census Bureau, International Data Base.

Fig 1 -Mudanga da piramide populacional brasileira conforme 1970 para a forma trapezoide prevista para 2025.



BACKGROUND

The elderly population in the
world is growing
exponentially
Brazilian life expectancy is increasing :

* 1980 -62.5 years
* 2000 -70.5 years
* 2003 —-71.3 years
e 2010-73.8 years
e 2013 -74.9 years

* Today we have about 15 million over 65
years - a number that will double in the

next 2 decades

* The proportion of elderly increased
from 3.9% (1999) to 5.1% (2009)

IBGE /2013



BACKGROUND

Estimated changes in population structure by major age
in the European Community

£00-19years [20-64years E65-79years HM280years

Vasques F et al. Am Heart J. 2012;163(3):477-85



AORTIC VALVE DISEASE - PROBLEM SIZE

Moderate or severe valve disease
* 2.5% of the adult population (USA)

PREVALENCE

Aortic Stenosis %“‘ R ——.
« 4% of the population (> 65 years) g -
Rheumatic fever % g
« World prevalence: 12 million people g i
* 3-4% of children with pharyngitis untreated £ al
« Epidemiology — Brazil (12th in incidence) %
Aortic Valve Bicuspid = . il

* 2% of the population (USA)
* High-risk aortic stenosis
 4:1male

Freeman et al. Circulation 2005;111:3316-26; Nkomo et al. Lancet 2006;368:1005-11;
Brien et al. Ann Thorac Surg 2009;88:523—42; WHO Statistics— 2005



AORTIC STENOSIS - ETIOLOGY

- Congenital
- Acquired
» Rheumatic
» Degenerative
> Atherosclerotic
> Calcification (Paget's disease)
» Rheumatoid arthritis

Freeman et aI C|rculat|on 2005 111:3316-26; Nkomo et al. Lancet 2006;368: 1005 ililks
Brien et al. Ann Thorac Surg 2009;88:523—42; WHO Statistics— 2005



AORTIC STENOSIS

Cohort B - The PARTNER Trial

Standard Therapies Are Inadequate for Severe Aoitic Stenosis

Cohort B - The PARTNER Trial

I Control Group (Standard Therapy, including MedRx and BAV)
%
68.0%
80 0 A
50.7%
A

50"

died within 1 year

All-cause mortality, %

' L L] ¥ ; L 4 ] 1 4
0 6 2 I8 24
NOmbers al  Hisk Monihs

Controt
Group 179 121 85 62 42

* Ininoperable patients with severe aortic stenosis who did not receive a valve
replacement, 50% died within one year.

* Despite the frequent utilization of balloon aortic valvuloplasty, standard therapy
did not do much to alter the dismal course of disease for inoperable patients with
severe aortic stenosis.

http://newheartvalve.com/hcp/about-aortic-stenosis



Adult Cardiac Surgery Database
Executive Summary
10 Years

STS Period Ending 09/30/2014

Number of Aortlc Valve Procedures
Cumulative over last 10 years

300,000
€ 200,000 7
5 ]
3 ' _
= |
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100,000 —
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0
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Adult Cardiac Surgery Database
Executive Summary

10 Years

STS Period Ending 09/30/2014

Unadjusted Aortlc Valve Operatlve Mortallty

Yearly over last 10 years

12%
1%
10%
9%
8%
7%
6%
5% 1
4% —
3%
2%
1%
0%

Percent of Patients

2005 4 2005 2014 2005 2014

AV Replace AV Replace AV Replace
+ CAB + MV Replace




SURGICAL AORTIC VALVE REPLACEMENT

“despite severe AS and severe symptoms, intervention
was denied in as many as 33% of patients”

European Heart Journal (2005) 26, 2714-2720 i
ey T Clinical research

EUROFEAN
SOCIETY OF
CARDROLOGY ™

Decision-making in elderly patients with severe aortic
stenosis: why are so many denied surgery?

Bernard lung'®, Agnés Cachier', Gabriel Baron?, David Messika-Zeitoun', Francois Delahaye3,
Pilar Tornos*, Christa Gohlke-Barwolf®, Eric Boersma®, Philippe Ravaud?, and Alec Vahanian'

! Cardiology Department, Bichat Hospital, AP-HP, 46 rue Henri Huchard, 75018 Paris, France; * Epidemiology, Biostatistic, and
Clinical Research Department, Bichat Hospital, AP-HP, Paris, France; 3Cardiology Department, Hopital Cardiologique, Lyon,
France; *Cardiology Department, Vall d'Hebron Hospital, Barcelona, Spain; ° Cardiology Department, Heart Centre Bad
Krozingen, Germany; and ® Thoraxcentre, Rotterdam, The Netherlands

Received 6 May 2005; revised 4 July 2005; accepted 4 August 2005; online publish-ahead-of-print 1 September 2005

KEYWORDS Aims To analyse decision-making in elderly patients with severe, symptomatic aortic stenosis (AS).

Aortic stenosis; Methods and results In the Euro Heart Survey on valvular heart disease, 216 patients aged >75 had
Elderly; severe AS (valve area <0.6 cm®/m’ body surface area or mean gradient >50 mmHg) and angina or
Aortic valve replacement New York Heart Association class Il or V. Patient characteristics were analysed according to the decision

to operate or not. A decision not to operate was taken in 72 patients (33%). In multivariable
analysis, left ventricular (LV) ejection fraction [OR = 2.27, 95% Cl (1.32-3.97) for ejection fraction
30-50, OR=5.15, 95% ClI (1.73-15.35) for ejection fraction <30 vs. >50%, P=0.003] and age
[OR = 1.84, 95% ClI (1.18-2.89) for 80-85 years, OR = 3.38, 95% Cl (1.38-8.27) for =85 vs. 75-80
years, P = 0.008] were significantly associated with the decision not to operate; however, the Charlson
comorbidity index was not [OR = 1.72, 95% Cl (0.83-3.50), P = 0.14 for index >2 vs. <2]. Neurological
dysfunction was the only comorbidity significantly linked with the decision not to operate.
Conclusion Surgery was denied in 33% of elderly patients with severe, symptomatic AS. Older age and
LV dysfunction were the most striking characteristics of patients who were denied surgery, whereas
comorbidity played a less important role.




LIMITS RELATED TO CONSIDERATIONS

e Elderly patients experience increased operative mortality and also
are at higher risk for valve-related events in several reports.
 However in current guidelines, age is not a contraindication to AVR
COMORBIDITY e General condition of the patient, such as neurological dysfunction,
chronic lung disease, liver cirrhosis and renal insufficiency are
additional predictors of poor outcome

CONCOMITANT * CAD may negatively affect prognosis in patients with AS due to the

CORONARY ARTERY presence of a concomitant cardiac pathology and impaired LV

DISEASE function from an ischaemic myocardium

* The operative mortality of AVR doubles with the addition of a
concomitant CABG procedure

CONTRACTILE *  When hypertrophy fails to normalize wall stress, the abnormal
RESERVE afterload leads to reduced ventricular ejection, reducing cardiac

output, adding to the heart failure syndrome
TECHNIQUE

Redo surgery with patent coronary artery bypass grafts, previous
mediastinal radiotherapy and radiation damage to the myocardium, I

in the presence of a heavily calcified and atheromatous ascending
aonrta (borcelain aorta)



Multislice CT scan illustrating
porcelain aorta, heavily calcified
ascending thoracic aorta with
plaque protrusion (arrow)

Pascual | et al. Rev Esp Cardiol. 2013;66(10):775-81



LITERATURE SEARCH RESULTS

Potentially relevant articles

n = 2400
Not relevant after title and
abstract review (n = 2318)
v
Full articles screened
n=_82
Manuscripts excluded
(n=12)
> Reviews, editorials (n= 4)
Duplicate data (n = 4)
No patient level data (n =4)
\ 4
Articles eligible for inclusion
n=70

Mylotte D et al. Eur Heart J. 2015 Jun 1;36(21):1306-27.



EXTENSIVE LEAFLET CALCIFICATION
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VALVE ENDOCARDITIS
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LATE TRANSCATHETER HEART VALVE EMBOLIZATION
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TRANSCATHETER HEART VALVE COMPRESSION
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Aims A comprehensive description of transcatheter heart valve (THV) failure has not been performed. We undertook a
systematic review to investigate the aetiology, diagnosis, management, and outcomes of THV failure.

Methods The systematic review was performed in accordance with the PRISMA guidelines using EMBASE, MEDLINE, and Scopus.

and results Between December 2002 and March 2014, 70 publications reported 87 individual cases of transcatheter aortic valve

implantation (TAVI) failure. Similar to surgical bioprosthetic heart valve failure, we observed cases of prosthetic valve
endocarditis (PVE) (n= 34), structural valve failure (n=13), and THY thrombosis (n = 15). The microbiological
profile of THV PVE was similar to surgical PVE, though one-quarter had satellite mitral valve endocarditis, and surgical
intervention was required in 40% (75% survival). Structural valve failure occurred most frequently due to leaflet calcifi-
cation and was predominantly treated by redo-THV (60%). Transcatheter heart valve thrombosis occurred at a mean
9 + 7 months post-implantation and was successfully treated by prolonged anticoagulation in three-quarters of cases.
Two novel causes of THV failure were identified: late THV embolization (n = 18);and THV compression (n = 7) follow-
ing cardiopulmonary resuscitation (CPR). Thesefailure modes have not been reported in the surgical literature, Potential
risk factors for late THV embolization include low prosthesis implantation, THV undersizing/underexpansion, bicuspid,
and non-calcified anatomy. Transcatheter heart valve embolization mandated surgery in 80% of patients. Transcatheter
heart valve compression was noted at post-mortem in most cases.

Conclusion Transcatheter heart valves are susceptible to failure modes typical to those of surgical bioprostheses and unique to their
specific design. Transcatheter heart valve compression and late embolization represent complications previously
unreported in the surgical literature,

Mylotte D et al. Eur Heart J. 2015 Jun 1;36(21):1306-27.
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RISK OF STROKE
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NYHA FUNCTIONAL CLASS OF THE SURVIVORS
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MORTALITY OUTCOMES STRATIFIED BY STS SCORE

ALL-CAUSE MORTALITY
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MORTALITY OUTCOMES STRATIFIED BY STS SCORE

CARDIOVASCULAR MORTALITY
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STROKE OR TRANSIENT ISCHAEMIC ATTACK
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STROKE, TRANSIENT ISCHAEMIC ATTACK, OR DEATH FROM ANY CAUSE
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—— SAVR group

HR 1-09, 95% C1 0-90-1-31; p=0-39

0 12 24 36 48 60
Time (months)

348 251 217 181 144 57

351 230 205 169 128 64

Mack MJ et al. Lancet. 2015 Jun 20;385(9986):2477-84.



PARTNER TRIAL - 5-YEAR OUTCOMES

¢ Echocardiographic findings - LV massindex |
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PARTNER TRIAL

The PARTNER Trial represents a
paradigm shift in clinical trial design
and execution for high-risk pts with

severe aortic stenosis:

Rigorous study protocols and
management

Careful patient selection
Interdisciplinary in all aspects
Strict site selection

Edwards Lifesciences. The PARTNER trial. CD-Rom, 2011.
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PARTNER 5-YEAR OUTCOMES - LIMITATIONS

* This trial includes an extremely high-risk cohort, with a
mean STS of 12%. Other trials have had lower mean
STS scores and the initial clinical experience of
commercial TAVR with the Sapien and Sapien XT valves
in the USA for high-risk and inoperable patients
showed a mean STS of 7%

Mack MJ et al. Lancet. 2015 Jun 20;385(9986):2477-84.



AORTIC STENOSIS

100

° . .
80
60
40
20
0
0 20 40 50 60 70

Age, Years

Survival, %

http://newheartvalve.com/hcp/about-aortic-stenosis



AORTIC STENOSIS

Comorbidity

Valve
disease




AORTIC STENOSIS

Prevalence of Aortic Stenosis
European Union 2008
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PARTNER TRIAL - 5-YEAR OUTCOMES

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 R Kapadia, Martin B Leon, Raj R Makkar, E Murat Tuzeu, Lars G Svensson, Susheel Kodali, John G Webb, Michael | Mack, Pamela S Douglas,
Vinod H Thourani, Vasilis C Babaliaros, Howard C Herrmann, Wilson Y Szeto, Augusto D Pichard Mathew R Williams, Gregory P Fontang,
D Craig Miller, William N Anderson, Jodi] Akin®, Michael | Davidsont, Craig R Smith, for the PARTNER trial investigators

Summary

Background Based on the early results of the Placement of Aortic Transcatheter Valves (PARTNER) trial, transcatheter
aortic valve replacement (TAVR) is an accepted treatment for patients with severe aortic stenosis who are not suitable
for surgery. However, little information is available about the late clinical outcomes in such patients.

Methods We did this randomised controlled trial at 21 experienced valve centres in Canada, Germany, and the USA.
We enrolled patients with severe symptomatic inoperable aortic stenosis and randomly assigned (1:1) them to
transfemoral TAVR or to standard treatment, which often included balloon aortic valvuloplasty. Patients and their
treating physicians were not masked to treatment allocation. The randomisation was done centrally, and sites learned
of the assignment only after a patient had been screened, consented, and entered into the database. The primary
outcome of the trial was all-cause mortality at 1 year in the intention-to-treat population, here we present the
prespecified findings after 5 years. This study is registered with ClinicalTrials.gov, number NCT00530894.

Findings We screened 3015 patients, of whom 358 were enrolled (mean age 83 years, Society of Thoracic Surgeons
Predicted Risk of Mortality 11.7%, 54% female). 179 were assigned to TAVR treatment and 179 were assigned to
standard treatment. 20 patients crossed over from the standard treatment group and ten withdrew from study, leaving
only six patients at 5 years, of whom five had aortic valve replacement treatment outside of the study. The risk of all-
cause mortality at 5 years was 71-8% in the TAVR group versus 93-6% in the standard treatment group (hazard ratio
050, 95% CI 0-39-0-65; p<0-0001). At 5 years, 42 (86%) of 49 survivors in the TAVR group had New York Heart
Association class 10or 2 symptoms compared with three (60%) of five in the standard treatment group. Echocardiography
after TAVR showed durable haemodynamic benefit (aortic valve area 1-52 cm? at 5 years, mean gradient 10.6 mm Hg
at 5 years), with no evidence of structural valve deterioration.

Interpretation TAVR is more beneficial than standard treatment for treatment of inoperable aortic stenosis. TAVR
should be strongly considered for patients who are not surgical candidates for aortic valve replacement to improve
their survival and functional status. Appropriate selection of patients will help to maximise the benefit of TAVR and
reduce mortality from severe comorbidities.

Funding Edwards Lifesciences.

Kapadia SR et al. Lancet. 2015 Jun 20;385(9986):2485-91.
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Symptomatic Severe Aortic Stenosis

ASSESSMENT: High-Risk AVR Candidate
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PARTNER TRIAL — ALL CAUSE MORTALITY
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RESEARCH IN CONTEXT

Research in context

Systematic review

We searched Medline on March 7, 2015, with the terms
“transcatheter aortic valve replacement” or “transcatheter
aortic valve implantation”, which returned 3300 results, of
which 284 were filtered “clinical trials”. We reviewed these
citations and found no other randomised study comparing
transcatheter aortic valve replacement with treatment without
aortic valve replacement. The Placement of Aortic Transcatheter
Valves (PARTNER) 1B trial is the only randomised trial published
to date comparing outcomes of percutaneous aortic valve
replacement with contemporary standard treatment (without
aortic valve replacement) in surgically inoperable patients.

Interpretation
Although other technologies (either newer iterations of
approved valves or new valve designs) have been and are

being tested in extreme risk patients, this study is the only
randomised trial with a standard treatment control arm. This
report describes the crucial 5-year (end of study) follow-up
data from this study. This study shows sustained benefit of
TAVR as measured by all-cause mortality, cardiovascular
mortality, repeat hospital admission, and functional status
compared with standard treatment. By contrast, long-term
outcomes of patients with severe symptomatic aortic
stenosis treated with standard treatment are dismal.
Furthermore, this study confirmed transcatheter valve
durability over 5 years of follow-up. This rigorous trial with
comparative effectiveness analyses of adjudicated endpoints
provides the benchmark for TAVR benefit compared with
standard treatment.

Kapadia SR et al. Lancet. 2015 Jun 20;385(9986):2485-91.




TRIAL PROFILE

3105 patients assessed for eligibility
2406 excluded
— 395 assigned inoperable study arm
2011 ineligible to participate or declined
h J
699 randomly assigned
348 allocated to TAVR 351 allocated to SAVRE
344 received TAVR 313 received SAVR
4 did not receive TAVR 38 did not receive SAVR
5 lost to follow-up 12 lost to follow-up
—p| 4 withdrawn after —p{ 11 withdrawn after
procedure procedure
L 4 \ 4 v v
348 analysed by intention to treat 351 analysed by intention to treat

Mack MJ et al. Lancet. 2015 Jun 20;385(9986):2477-84.



PARTNER TRIAL - 5-YEAR OUTCOMES
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PARTNER TRIAL - 5-YEAR OUTCOMES
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PARTNER TRIAL - 5-YEAR OUTCOMES
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RESEARCH IN CONTEXT

Research in context

Systematic review

We searched Medline on March 7, 2015, with the terms
“transcatheter aortic valve replacement” or “transcatheter
aorticvalve implantation”, which returned 3300 results, of
which 284 were filtered “clinical trials”. We reviewed these
citations and found no other randomised study comparing
transcatheter aortic valve replacement with treatment without
aorticvalve replacement. The Placement of Aortic Transcatheter
Valves (PARTNER) 1B trial is the only randomised trial published
to date comparing outcomes of percutaneous aortic valve
replacementwith contemporary standard treatment (without
aortic valve replacement) in surgically inoperable patients.

Interpretation
Although other technologies (either newer iterations of
approved valves or new valve designs) have been and are

Mack MJ et al. Lancet. 2015 Jun 20;385(9986):2477-84.

being tested in extreme risk patients, this study is the only
randomised trial with a standard treatment control arm. This
report describes the crucial 5-year (end of study) follow-up
data from this study. This study shows sustained benefit of
TAVR as measured by all-cause mortality, cardiovascular
mortality, repeat hospital admission, and functional status
compared with standard treatment. By contrast, long-term
outcomes of patients with severe symptomatic aortic
stenosis treated with standard treatment are dismal.
Furthermore, this study confirmed transcatheter valve
durability over 5 years of follow-up. This rigorous trial with
comparative effectiveness analyses of adjudicated endpoints
provides the benchmark for TAVR benefit compared with
standard treatment.




PARTNER 5-YEAR OUTCOMES - LIMITATIONS

* TAVR was done with a first-generation device requiring a large
sheath-delivery system in a very high surgical risk population;
major advances in devices have since occurred, and the Sapien
device used in the trial is no longer being implanted.

* This trial is the first TAVR experience of most sites in the USA. A
learning curve was undoubtedly present, which affected TAVR
outcomes early in the trial, especially with the transapical
approach

e This trial includes an extremely high-risk cohort, with a mean STS
of 12%. Other trials have had lower mean STS scores and the
initial clinical experience of commercial TAVR with the Sapien and
Sapien XT valves in the USA for high-risk and inoperable patients
showed a mean STS of 7%

Mack MJ et al. Lancet. 2015 Jun 20;385(9986):2477-84.
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Aims A comprehensive descrpton of transcatheter heart valve (THV) fakare has not been performed. We undertock 3
ystermatic reviiw 10 Investipate the setiology, dagnosis, managesrent, and outcomes of THY filkre

Methods The systematic review was parformed in accordnc e with the PRISMA guideines using EMBASE. MEDUINE, and Scopus.
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cation and was predominantly trexted by redo- THY (60%) Transcatheter haart valve thrombosis otcurred ot 2 mean
9 + 7 months postimpl and was successhully treated by prolonged articoaguiation in three-quarters of cases.
Two novel caaes of THY failure were identifiect late THY embolzation (n = 18).and THV compression (o = 7) follow

Ing cardiopulmonary resuscration {CPR), These falkr s modes hive not been reported in the surgical itsrwmrs Potentil
rigk factors for late THY enbolmtion inchude low prosthests implantation, THV under sainglunderexparsion, bicusd,
wovd non-calced sratoeny. Transcatheter heart valve embolzation mandsd surgery n 80% of patenms. Tramcatheter
hexrt valve compression was noted at post-mortem in most cases,

Condusion Transcathater heart videss are snceptible 1o falure modes typical to those of surpionl Bloprostses and unigue to their
specific design. Tramscaheter heart valve compresson and hte embolotion represent complicitions previously
unreported in the yrgeal literaturs
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Recommendations

TAV! should onfy ba
undertaken with 2
meltdisciplinary ‘heart toam'
induding cardiolegists and
cardac surgeons and other
spactalists £ nacessary

Class I:

TAVI should only be
performad In hospitals with
cardac surgery on-site.

» Heart Team required
* On-site cardiac surgery

TAV! ks indicated in paients
with severe symptomatic
AS who are not suttable for
AVR a5 assassed by a heart
team’ and who are likely o
gain Improvemant i their
quality of Iffe and to have 2
Ife expectancy of more than
| year after consderauon of
their comorhidtios

* Pts not suitable for AVR

s | Class lla:
* High-risk operable as
an alternative to surgery;

TAY! should be considered In
high-risk patiants with sovere
symptomatcAS who may
still be sutaable for surgery,
but in whom TAVI & favoured
by a 'heart team’ based on
the indvidual risk profike znd
anatomiéc sultabllity

determined by heart team
and case-based decisions

Holmes DR et al. J Thorac Cardiovasc Surg. 2012;144(3):e29-84.
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TABLE 9. Summary of recommendations for AS: timing of intervention

Recommendations COR LOE References

AVR is recommended for symptomatic patients with severe high-gradient AS who have symptoms by | B L

history or on exercise testing (stage D1)
AVR is recommended for asymptomatic patients with severe AS (stage C2) and LVEF <50% 1 B o
AVR is indicated for patients with severe AS (stage C or D) when undergoing other cardiac surgery 1 B e
AVR is reasonable for asymptomatic patients with very severe AS (stage C1, aortic velocity >5.0 m/s) and ITa B ol

low surgical risk
AVR is reasonable in asymptomatic patients (stage C1) with severe AS and decreased exercise tolerance or ITa B el

an exercise fall in BP

43,141,142

AVR is reasonable in symptomatic patients with low-flow/low-gradient severe AS with reduced LVEF Ila B
(stage D2) with a low-dose dobutamine stress study that shows an aortic velocity >4.0 m/s (or mean
pressure gradient >40 mm Hg) with a valve area <1.0 cm” at any dobutamine dose

AVR is reasonable in symptomatic patients who have low-flow/low-gradient severe AS (stage D3) who are Ila C N/A
normotensive and have an LVEF >50% if clinical, hemodynamic, and anatomic data support valve
obstruction as the most likely cause of symptoms

AVR is reasonable for patients with moderate AS (stage B) (aortic velocity 3.0-3.9 m/s) who are ITa C N/A
undergoing other cardiac surgery
AVR may be considered for asymptomatic patients with severe AS (stage C1) and rapid disease Ib C N/A

progression and low surgical risk

Nishimura RA et al. J Thorac Cardiovasc Surg. 2014;148(1):el1-e132. -



