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Sviluppo tecnologico in cardiologia
- nuove possibilita terapeutiche

In quanto nuove, le metodiche descritte sono tuttora oggetto di studio e
validazione

1. Occlusioni coronariche croniche («CTO»)
2. Stenosi valvolare aortica
3. Malattie delle altre valvole



e occlusioni
coronariche croniche

PREVALENZA: Occlusioni totali croniche (CTO) di una coronaria o di
sue diramazioni si osservano con una prevalenza di circa il 15-20%
nella popolazione sottoposta ad angiografia coronarica

GESTIONE: solo una bassa percentuale di CTO viene ad oggi
sottoposta a procedura coronarica percutanea (PClI).

- elevata complessita tecnica
- incidenza di complicanze periprocedural




Ma se Il vaso
sl e chiuso
senza che Il
paziente se
ne

accorgesse...

Good collaterals

The vessel is already totally occluded; it can’t
get any worse

Let’s open up other vessels and this will reduce
the overall burden of ischemia

Send the patient for CABG
No hard evidence to support CTO PCI

CTO PCl is a very costly and risky procedure
with high failure and complication rates




Se il vaso e gia chiuso, non puo peggiorare...!

Che fare?

Per uscire ( anche da questo) dilemma,
servono dati e non opinioni



1:

dati di prognosi

Impact of chronic total occlusion artery on 12-month mortality in patients with
non-ST-segment elevation myocardial infarction treated by percutaneous coronary
intervention (From the PL-ACS Registry) "
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Evaluation of the Impact of a Chronic Total Coronary Occlusion on
Ventricular Arrhythmias and Long-Term Mortality in Patients With
Ischemic Cardiomyopathy and an Implantable Cardioverter-
Defibrillator (the eCTOpy-in-ICD Study)
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The vessel is already totally occluded;
it can’t get worse
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Prognostic impact of a chronic total occlusion
in a non-infarct-related artery in patients with
ST-segment elevation myocardial infarction:

3-year results from the HORIZONS-AMI trial
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Time in months
Number at Risk
MVD withCTO in non-IRA 283 260 258 253 243 237 231 224 221 148
MVD without CTO 1477 1403 1389 1377 1351 1345 1330 1295 1286 911
SVD 1524 1475 1468 1454 1433 1425 1413 1391 1381 939

Bimmer E. Claessen et al EHJ 2012



The vessel is already totally occluded; it can’t get worse

FACT

Presence of a CTO = worse outcomes



TO I |\/| P ROV E SY I\/I PTO I\/l S EXPLORE EUROCTO

Europe & Canada Europe Russia

IMPACTOR-CTO

CTO patients have rarely angina, they often complain dyspnea,
weakness, atypical symptoms

Location & design

....0r they limit their physical activity

Multicentre RCT (14 centres) Multicentre RCT (28 centres) Single-centre RCT

Quantifying the Early Health Status Benefits of Successful N patients 0 w 7
Chronic Total Occlusion Recanalization Patients with STEMI treated SCAD CTO patients with Patients with
. . . Study population with PCI with symptoms and/or ischaemia isolated dominant RCA CTO
Results From the FlowCardia’s Approach to Chronic Total Occlusion a non-nfarct-related CTO and vabily and stabl angina

Recanalization (FACTOR) Trial

J. Aaron Grantham, MD; Philip G. Jones, MS; Louis Cannon, MD; John A. Spertus, MD, MPH

Stress Rest

Primary endpoint

QoL (SAQ, EQ-5D)

LVEF and LVEDV by CMR AMIB by adenosine stress CMR
Follow-up period 4 months 1 year 1year
- Mean J-CTO score 21 1.82£1.07 1.92+0.86
" !
SAQ Angina Frequency -—'— 9.5 (1.6, 17.5) il - - 86.6 o 830
- 75 = 75 75
E Success rate 50 5 50
: 25 25 25
SAQ Physical Limitation B 13.1 (5.1, 21.1) 0 0
’ EXPLORE EUROCTO IMPACTOR-CTO
; Positive/negative
- RCT
' Major findings
SAQ Quality of Life ' T—— 20.3 (11.9, 28.6) J & pel OMT PCl OMT PCl OMT
I MACE No difference v *ference N difference
I I I I 1 QoL N/A Better Better
Ischaemia reduction N/A L Better
40 -20 0 20 40 LVEF and LVEDV No difference N/A N/A

Effect of Procedural Success

PCl of a CTO located in
the LAD may improve
LVEF and clinical outcome




Presenza di ISCHEMIA miocardica
Il miocardio sotteso ad una CTO e sempre ischemico

Fractional Flow Reserve
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Sachdeva et al. Catheter Cardiovasc Interv 2013; 89:9
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Se uha coronaria
e completamente
chiusa, Il flusso a
valle
dell’occlusione
non puo essere
normale
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CTO PCI: Reduction of ischemic burden 301 patients
undergoing

SPECT/PET before

and after CTO

Changes in Myocardial Ischemic Burden Following recanalization
Percutaneous Coronary Intervention of Chronic

. * The mean reduction in
Total Occlusions

myocardial ischemic burden

after CTO PCl was 6.2% =

10 - P=008 P=008 P<.0001 P<.0001 I. Improved B Worsened 6.0%

5| 1007 73 =901 86.7 « ischemic burden > 12.5%
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A4.70 I o 60 myocardial ischemic burden
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n
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e o 528 0 - ischemia following CTO PCl
NoMinimal  Mild Moderate  Severe "°',',"22},'"a' r';"l';l% Mﬂi?raate S::ge;e e patients with 5% reduction in
N=33 N=73 N=73 N=98 Baseline Ischemia

ischemic burden post-PCI
experienced fewer clinical
events, in particular death and

TVR
Safley et al, Cathet Cardiovasc Interv 2011;78:337-343



Let’s open other vessels; this will reduce the overall
ischemic burden
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Let’s open other vessels; this will reduce the overall
ischemic burden

FACT

Incomplete revascularization = worse outcomes

When considering the decision between CABG and PCl, completeness of revascularization should be prioritized.'?"'%'3%-13¢ lla




Send the patient for CABG

Treatment of Patients

Fefer et al with CTOs
JACC 2012 Patients with Coronary i

Artery Disease

N = 14,439 CARS

Attempted
CTO-PCI
/ 10%

Medical
Therapy

CTO 44%

18.4%

prventio are OE) \)

Current Perspectives on
Coronary Chronic Total Occlusions

40% previous Ml in CTO territory
The Canadian Multicenter Chronic Total Occlusions Registry

% Q inCTO I
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Toronto, Ontario, and Calgary, Alberta, Canada; and Tel Aviv, Israel




Gestione con bypass della CTO
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Gestione con bypass della CTO
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Gestione con angioplastica della CTO
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Gestione con bypass della CTO

FACT

Can be a valid option especially in certain scenarios:
- Low surgical risk

- MVD + CTO

- High Syntax score

- AND the CTO Vessel will be grafted!

Caveats
- A substantial percentage of CTO vessels are not grafted
- Graft patency rates are low



Scarsa evidenza scientifica a favore di CTO PCI

Circulation

ORIGINALRESEARCHARTICLE @€

Randomized Trial Evaluating Percutaneous
Coronary Intervention for the Treatment

of Chronic Total Occlusion
The DECISION-CTO Trial

Editorial, see p 1684

Seung-Whan Lee*
Pil Hyung Lee, MD*

Primary endpoint: Mortality and Ml
Limitations:

- Underpowered: prematurely
terminated (65%)

- randomization was done before non-
CTO PCI

- 77% of the OMT arm received PCI to
non-CTO vessel

- 20% crossover (OMT to CTO PCl arm)

- Symptoms and residual ischemia not
evaluated after non-CTO



Scarsa evidenza scientifica a favore di CTO PCI

Primary endpoint: QoL (SAQ):
- Underpowered: prematurely terminated

@ ESC European Heart Journal (2018) 39, 2484-2493 CLINICAL RESEARCH (35%)
E?“c‘”a”rﬁiﬂ c‘)Socwetv doi:10.1093/eurheartj/ehy220 Interventional cardiology . .
» - Many hlghg symptomatic patients not
randomize
A randomized multicentre trial to compare - PCl to CTO performed >4w after PCI to non-
revascularization with optimal medical CTO vessel

therapy for the treatment of chronic -

total coronary occlusions
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Scarsa evidenza scientifica a favore di CTO PCI
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Percutaneous Intervention for
Concurrent Chronic Total Occlusions
in Patients With STEMI

The EXPLORE Trial

CrossMark

José P.S. Henriques, MD, PuD,* Loes P. Hoebers, MD,* Truls Ramunddal, MD, PuD,” Peep Laanmets, MD,"
Erlend Eriksen, MD,” Matthijs Bax, MD,® Dan Ioanes, MD," Maarten J. Suttorp, MD, PuD,’
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Albert C. van Rossum, MD, PuD,' Koen M. Marques, MD, PuD,’ Joélle Elias, MD,* Ivo M. van Dongen, MD,*
Bimmer E.P.M. Claessen, MD, PuD,* Jan G. Tijssen, PuD,* René J. van der Schaaf, MD, PuD,’

for the EXPLORE Trial Investigators

Primary endpoint: LVEF and LVEDV

Selection bias: 14 sites, 7 years

Symptoms, ischemia and viability
not tested
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All-cause mortality

Current Atherosclerosis Reports (2019) 21: 42
https://doi.org/10.1007/s11883-019-0804-8

Percutaneous Coronary Intervention Versus Medical Therapy
for Chronic Total Occlusion of Coronary Arteries: A Systematic

Review and Meta-Analysis

Ka Hou Christien Li'*? . Ka Hei Gabriel Wong ' - Mengqi Gong” - Tong Liu® - Guangping Li* - Yunlong Xia® -
Jeffery Ho?® - Luis Nombela-Franco” - Abhishek C. Sawant® - Simon Eccleshall® - Gary Tse™? -
Vassilios S. Vassiliou
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OMT PCI Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 Observational Studies
Choi SY 2017 28 335 S 305 5.8% 5.10 (1.99, 13.04]
Choo 2019 83 474 45 424 8.8% 1.65 [1.18, 2.31] _—
Fujino 2014 60 118 47 60 9.2% 0.65 [0.52, 0.81) g
Jang 2015 44 236 20 332 8.1% 3.09 [1.87, 5.11] m==te—=
Kim 2015 29 94 19 130 8.0% 2.11[1.26, 3.53) —
Ladwiniec 2015 170 651 43 405 8.9% 2.46 [1.80, 3.36] —
Rha 2018 42 349 12 234 7.5% 2.35 [1.26, 4.36] - m—
Shuvy 2017 99 849 15 266 8.0% 2.07 [1.22, 3.50] —
Ungvari 2011 33 91 8 44 7.1% 1.99 [1.01, 3.95) I
Yang 2016 142 664 75 699 9.1% 1.99 [1.54, 2.58] e
Yuste 2017 5 631 44 332 9.0% 2.81 (2.10, 3.77] —
Subtotal (95% CI) 4492 3231 89.5% 2.09 [1.40, 3.10] R
Total events 965 333

Heterogeneity: Tau? = 0.39; Chi* = 116.02, df = 10 (P < 0.00001); I> = 91%
Test for overall effect: Z = 3.64 (P = 0.0003)

1.1.2 Randomized Controlled Trials

Lee SW 2019 21
Mashayekhi2018 2
Werner 2018
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Test for overall effect: Z = 1.11 (P = 0.27)
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1.99 [1.38, 2.86]

Heterogeneity: Tau® = 0.36; Chi’ = 116.38, df = 13 (P < 0.00001); I> = 89%
Test for overall effect: Z = 3.68 (P = 0.0002)
Test for subaroup differences: Chi* = 1.10. df = 1 (P = 0.30). I = 8.8%

EVIDENCE-BASED MEDICINE, CLINICAL TRIALS AND THEIR INTERPRETATIONS (L. ROEVER, SECTION EDITOR)
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OMT PCI Risk Ratio Risk Ratio
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1.2.1 Observational Studies
Choi SY 2017 13 335 3 305 2.0% 3.95(1.14,13.71)
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Rha 2018 28 349 8 234 6.0% 2.35([1.09, 5.06) e —
Tomasello 2015 39 826 11 776 7.1% 3.33(1.72, 6.46] —
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Test for overall effect: Z = 9.20 (P < 0.00001)
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Test for overall effect: Z = 1.10 (P = 0.27)
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Scarsa evidenza scientifica a favore di CTO PCI..?

Successful vs. Failed CTO PCl

Odds ratio meta-analysis plt [random efects} e 29,315 CTO PCI, follow-up of 3.11 years
: * Procedural success: 71% (range 51% - 87%).
_H__ * successful CTO PCl was associated with
T m * lower mortality (odds ratio [OR] 0.52, 95% Cl 0.43 to 0.63)
- * |ess residual angina (OR 0.38, 95% Cl 0.24 to 0.60)
_——:-: e |lower risk for stroke (OR 0.72, 95% Cl 0.60 to 0.88)
—r * |ess need for CABG (OR 0.18, 95% CI 0.14 t0 0.22)
—l * lower risk for MACE (0.59, 95% Cl 0.44 to 0.79).
-
-
iy

i

_ * No difference in the incidence of target vessel
ul revascularization (OR 0.66, 95% Cl 0.36 to 1.23) or
5 myocardial infarction (OR 0.73, 95% CI 0.52 to 1.03).

0.001 0.01 0102 05 2 § 10 100

odds ratio (93% confidence interval)

Favors success Favors failure

Christakopoulos et al. Am J Cardiol 2015;115:1367-1375



Scarsa evidenza scientifica a favore di CTO PCI

FACT

* Limited and inadequately designed/conducted

RCT current Iy ava | I d b | e Percutaneous revascularization of CTOs
. . . should be considered in patients with angina
* Data from mUItIple regIStrles StrOngly Support resistant to medical therapy or with a large lla
CTO PCl area of documented ischaemia in the terri-
tory of the occluded vessel 5276377663

e <25% of current guidelines recommendations

based on RCT . o .
2018 ESC Myocardial Revascularization Guidelines



CTO PCI e una procedura impegnativa,
con elevate possibilita di insuccesso e di complicazioni

FIGURE 4 Operator CTO PCI Volume Association With Procedural Success
and Complications
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Conclusioni - CTO

* Avere una CTO significa prognosi peggiore
* Popolazione sottotrattata
* Se trattata ha prognosi migliore

» Seeffettuata in centri ad alto volume e da operatori esperti, la riapertura di una CTO puo essere
ottenuta con elevata probabilita (>90%) e con un accettabile rischio di complicanze (<3%)

* Vanno favoriti | pazienti con sintomi resistenti alla terapia e con elevata quota di ischemia
miocardica.

Deciding to perform CTO PCl should depend on the patient’s clinical presentation and risk benefit
ratio and not the patient’s anatomy, as experienced operators using contemporary CTO PCI
technigues can be expected to be successful in the great majority of patients (90%), even among

the most complex CTO lesions.
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Percutaneous technologies are the future for
the treatment of heart valve diseases
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2017: A YEAR OF CELEBRATIONS

40 YEARS OF CORONARY 15 YEARS OF TRANSCATHETER
ANGIOPLASTY AORTIC VALVE IMPLANTATION

ANDREAS GRUNTZIG ALAIN CRIBIER

Slide courtesy of Dr Stephan Windecker



FIRST PATIENT FIRST PATIENT

To UNDERGO PTCA To UNDERGO TAVI

Cribier A. et al. Circulation. 2002 Dec 10;106(24):3006-8

Griuntzig A. The Lancet 1978;1:263

2002

Progressive worsening of

acute limb ischemia:

- Leg amputation 4
months after TAVI

- No post-operative
recovery

Slide courtesy of Dr Stephan Windecker
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17 YEARS OF TAVI (2002 - 2019)

PROSTHESIS WITH CE - MARK APPROVAL

2007 2010 2011 2012
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2014
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Caso clinico

Patient Characteristics

* 80-year-old male

* Hypertension

* No other Comorbidities. Normal renal function
* NYHA I

* Severe symptomatic aortic stenosis

* Mean gradient=55mmHg, PAP=20mmHg, EF=60%
* No mitral or tricuspid valve disease

* STS score 1.4%; Logistic EuroScore |1 0.98%
* (If 85-yrs old: STS 1.9%, LogES 11 1.13%)
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0.00
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Area 423 mm?
Perimeter 73.8 mm

Normal coronaries




39

CT scan
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TAVI procedure

Therapeutic Right femoral access
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TAVI procedure

Severe Aortic Stenosis and Regurgitation
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TAVI procedure

Edwards Sapien 3 26 mm implantation
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TAVI procedure

No paravalvular Leak




44

TAVI procedure

Right femoral access angiography after
closure by Proglide




Performance Benchmarks for Expert Valve
Centers

Current Future

« All-cause mortality <3% <1%
. . . <29 <19
* Major (disabling) strokes <2% <1%
« Major vascular complications <% <2%
* New permanent pacemakers <10% <8%
* Mod-severe para-valvular < 5% 0%

regurgitation
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THE EVOLUTION OF CLINICAL EVIDENCE

PARTNER 1B
n=358

Corevalve ER
n=489

PARTNER 1A
n=699

CoreValve HR
n=795

PARTNER 2A
n=2032

SURTAVI
n=1746

TAVI superior
to medical Rx

TAVI noninferior or
superior to SAVR

NOTION
n=280

PARTNER 3
n = 950
Evolut Low-risk
n = 1403

2007 |2008 |2009 |2010 |2011 |2012 |2013 |2014 |2015 |2016 |2017 |2018

Slide courtesy of Dr Stephan Windecker

TAVI
noninferior or
superior
(TF access) to
SAVR

Transfemoral
TAVI noninferior
or superior
to SAVR




Clinical Implications
Death, Disabling Stroke and Re-Hospitalizations to 1 Year

12% A

Estimated KM rates, %

2% A

0% A

10% ~

[0}
X
1

6% A

4% A

PARTNER 3 Trial

Mack MJ et al, N Engl J Med. 2019 May 2;380(18):1695-1705

TAVR

cv
Hospitalization

Disabling
Stroke

Death

SAVR

12% A

10%

8% A

6%

4%

2% A

0% A

Evolut Low-Risk Trial

Popma JJ et al, N Engl J Med. 2019 May 2;380(18):1706-1715

TAVR

HF
Hospitalization

Disabling
Stroke

Death

SAVR



TAVI -

MORTALITY

SUPERIOR CLINICAL PERFORMANCE
Meta-analysis of 7 RCTs

Siontis G et al, European Heart Journal (2019)

Access route \
Transfemoral 5 ; 0.83 (0.72 - 0.94) 0.032
Transthoracic . = 1.17 (0.88 - 1.55)
1
T T i T T
. . . 0.2 0.5 1 2 5
17% relative risk reduction Favours TAV Favours SAVR

up to 2 years




TAVI — SUPERIOR CLINICAL PERFORMANCE
Meta-analysis of 7 RCTs

Siontis G et al, European Heart Journal (2019)

HR (95% CI) P
Any stroke
Overall (Heterogeneity 12<0.001) ‘ 0.81 (0.68 - 0.98) 0.028
Disabling stroke
Overall (Heterogeneity 72=0.094) ’ 0.78 (0.53 - 1.14) 0.192
| |
0.5 1 2
Favours TAVI Favours SAVR

19% relative risk reduction
up to 2 years




TAVI — SUPERIOR CLINICAL PERFORMANCE

20

= Surgery HR [95% CI] =
. 2 = TAVR 0.65 [0.42, 1.00]
PARTNER 3 Trial ‘g’ P = 0.046
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TAVI - IMPROVED RESOURCE UTILIZATION

TAVI vs. SAVR

0 R EE———————————————————
NO OPEN THORACOTOMY YES
NO CARDIOPULMONARY Bypass YES .20 -
NO  OROTRACHEAL INTUBATION YES 40
-40 -40
-50

NO GENERAL ANESTHESIA YES

-60 -

-15%

NO PROLONGED VENTILATION YES ATRIAL MAIJOR RENAL
| FIBRILLATION BLEEDING FAILURE



Global TAVR Units

289,000
300,000 - ,
mROW wmUS. mEU

250,000 -
200,000 -
150,000 -

100,000 -

50,000 32,

2012 2013 2024 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

In the next 10 years, TAVR growth will increase X4V






Mitral Valve
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Mitral Regurgitation Is the most

frequent valve disease In Europe &

US

=il All valve disease
Mitral valve disease
=—@— Aortic valve disease

NEARLY 1 IN 10 PEOPLE AGE 75 AND OLDER HAS MODERATE
OR SEVERE MR."*

Prevalence of Moderate or Severe Mitral Valve Disease in the US = ~4.2M

Patients*

Source: Nkomo et al. Burden of valvular heart diseases: a population-based study, Lancet 2006; 368:
*NBOBe11.7% prevalence (population based studies); US Census Bureau 2016: 248M adults



Types of Mitral
Regurgitation

Mitral Regurgitation

Left Mitral
atrium | \/‘j/ valve
\ \‘ ‘,l/ | 370/1
1 \[B== Chordae 0
63%1 | N tendinae

N Papillary
muscles

Left
ventricle

Functional Mitral
Regurgitation \
(FMR) —~— Degenerative Mitral

Regurgitation (DMR)

LV Dysfunction LA Dysfunction
Dilated Annulus _ _ Dilated Annulus Etiologies:
(Non-ischemic or ischemic EtIO|OgIeS (Chronic atrial fibrillation, » Advanced Barlow’s Disease
dilated cardiomyopathy) hypertension) ) . ..
» Fibroelastic deficiency
Loss of leaflet coaptation due to: Leaflet prolapse due to:
« Annular enlargement = | eaflet deformities or lesions

» Ruptured/ elongated chordae

» Papillary muscle displacement _
= Papillary muscle rupture

causing leaflet tethering/tenting

Source: 1. Bach, et al. Failure of Guideline Adherence for Intervention in Patients With Severe Mitral Regurgitation, JACC, Vol. 54, No. 9, 2009.



50% of MR patients are treated
medically

Medically treated patients with severe MR

Isolated MR |
(n=877)

Other ]
Medical Rx ] I ‘ p 1 :

1.9% - l;hlfrF;ery No severe MR Severe MR J

26.8% (n=331) (n=546)
[ S):nr?g?n"g‘s No symptoms Symptoms
OME po n=144 | n=396 |

Other MV1 ?u{lrgery ‘ _ I ; . > 1 X
MV Surgery i c?'MRIR No intervention Intervention

3.1% | 93_';;, X | n=193 (49%) | n=203 (§1%)

Goel et al. JACC 2014,63:185-186 Mirabel et al. Eur Heart J. 2007;28(11):1358-1365



Medically Managed Patients with
Severe MR Have Poor Outcomes

100

20%

One year
mortality rate

50%

Five year
mortality rate

% of Patients

Very high
rate of heart failure
hospitalization

Year 1 Year 2 Year 3 Year 4 Year 5

= Mortality ® Proportion of surviving patients hospitalized for heart failure

*Sachin S. Goel, JACC Volume 63, Issue 2, January 2014



http://content.onlinejacc.org/issue.aspx?journalid=101&issueid=929673

Transcatheter MV Repair: Device Landscape 2018

Edge-to-edge
» MitraClip***
» MitraFlex
« PASCAL

Coronary sinus annuloplasty
 Cardiac Dimensions Carillon**
 Cerclage annuloplasty

Direct annuloplasty and basal
ventriculoplasty
 Mitralign TAMR**

* Valtech Cardioband**
» GDS Accucinch*
* Millipede IRIS*
* MVRXx ARTO*
» Mardil BACE*
* Mitraspan*
* Valcare Amend*
» Micardia enCor
 Cardiac Implants RDS

* QuantumCor (RF)

MV replacement
« Edwards CardiAQ*
* Edwards Fortis*
* Neovasc Tiara*
» Abbott Tendyne*
» Medtronic Intrepid*
* HighLife*
* MValve*
* Cephea
* NCSI NaviGate*
« St. Jude
* Micro Interventional
» Mitraltech CardioValve
 ValveXchange
* MitrAssist
* Braile Quattuor
« Caison*
* Direct Flow
» Sinomed Accufit

MV replacement (cont)
» MitralHeal

 HT Consultant Saturn
* Lutter valve

» Transcatheter Technologies Tresillo

* Venus
» Verso
* Transmural Systems

Other approaches
* NeoChord DS 1000**
» Harpoon neochords*
* Babic chords*
* Polares*

» St. Jude leaflet plication*
 Cardiosolutions Mitra-Spacer*
 Valtech Vchordal
 Mitralix
 Mitral Bridge




Randomized clinical trials with MitraClip

The NEW ENGLAND ’ ORIGINAL ARTICLE ‘
JOURNAL o MEDICINE

Percutaneous Repair or Medical Treatment

ESTABLISHED IN 1812 APRIL 14, 2011 VOL. 364 NO. 1§

for Secondary Mitral Regurgitation

PerCUtaneous Repalr or Surgery for Mltral Regurgltatlon J.-F. Obadia, D. Messika-Zeitoun, G. Leurent, B. lung, G. Bonnet, N. Piriou

T. Lefévre, C. Piot, F. Rouleau, D. Carrié, M. Nejjari, P. Ohlmann, F. Leclercq
C. Saint Etienne, E. Teiger, L. Leroux, N. Karam, N. Michel, M (.\Lx;r! E. Donal
J.-N. Trochu, B. Cormier, X. Armoiry, F. Boutitie, D. Maucort-Boulch, C. Barnel,

Vi.L Allr Irent vi.D. SKipp L T rudg U
A aro, P aura Mauri, M.D the EVERI tigat G. Samson, P. Guerin, A. Vahanian, and N. Mewton, for the MITRA-FR Investigators

EVEREST study MITRA-FR study

Primary mitral regurgitation Secondary mitral regurgitation

ORIGINAL ARTICLE

Transcatheter Mitral-Valve Repair
in Patients with Heart Failure

G.W. Stone, J.A. Lindenfeld, W.T. Abraham, S. Kar, D.S. Lim, J.M. Mishell,
B. Whisenant, P.A. Grayburn, M. Rinaldi, S.R. Kapadia, V. Rajagopal
I.J. Sarembock, A. Brieke, S.O. Marx, D.J. Cohen, N.J. Weissman,
and M.J. Mack, for the COAPT Investigators

COAPT study

Secondary mitral regurgitation




MitraClip - Case Example
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The Mortality Benefit of Therapies for HFrEF

Mineralo-

ACE corticoid
inhibitor  Sacubitril / Beta- receptor Isordil / MitraClip
or ARB Vvalsartan blockers antagonists hydralazine ICD CRT (COAPT)

24%

28% 28%

32% 36%
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=
©
)
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=
=
(D)
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)
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X

All class | guideline recommendations




Number Needed to Treat (NNT) to Prevent 1 Death

50

40

30

20

from Any Cause

=
©
&)
A
)
o
>
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o
=
I_
Z
Z

10

N — 1

Trial US Carvedilol? SOLVDc? SHIFT3 EMPHASIS-HF* PARADIGM-HF? COAPTS®
Mean Follow-up 6.5 Months 24 Months 24 Months 24 Months 27 Months 24 Months
Drug Name Carvedilol Enalapril Ivrabardine Eplerenone Entresto MitraClip
Drug Class Beta-Blocker ACE Inhibitor Sinus-node Inhibitor MRA ARNI+ACEI Device




Classic

MitraClip

|

Transcatheter based treatment of
mitral regurgitation

2016
MitraClipNT

[

S

Nitinol Grippers for
ease of leaflet grasping

2018
MitraClipNTz

MitraClip XTx

|

Introduce 2" Clip size with

longer Clip Arms and Grippers

MitraClip™" Evolution - NTR/XTR

2019
MitraClip G4

\r \
‘ 3
XTW
X
P
Introduce 3™ and 4'" Clip sizes with S
wider ClipArms W
Controlled Gripper Actuation 17
mm
- - 22mm
[ o

NTR XTR

Longer arms, with an
improved delivery catheter
system

Improved delivery
system



Global MitraClip Experience

97%

Implant Rate

>50000 patients treated

| Etiology
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Annuloplasty Devices

* CE mark INDIRECT ANNULOPLASTY

Septal Device

GCV Anchor

MVRx ARTO Mitral Loop Cerclage

DIRECT ANNULOPLASTY




Millipede Transcatheter Annuloplasty Ring System

& -

U I\ e
. Ve
//%1 - < \\
/"“:‘r el -r ' }\
(

) \ \
= % 2l

)f é

Physiologically sound mechanism of action replicates the cornerstone of
surgical repair

Customizable, repositionable and retrievable
Leaves options open for future interventions
Familiar controls and ICE-guided placement for streamlined procedure

Trans-Septal access

Placement

Technology under development. Not available for sale.

Anchor




Millipede Transcatheter Annuloplasty Ring System
with Integrated ICE Imaging

Technology under development. Not available for sale.



Braile Biomedica Braile Biomedica CardiAQ1st G

Direct Flow Medical

Navigate Neovasc Tiara Sinomed

_ Tendyne Abbott

Others: MitraHeal, Mitrassist, Mehr
Medical, Mitracath, Mitralix
MAESTRO, Nakostech, St.

George ATLAS, Transcatheter

Technologies Tresillo ENSEN Montefiore

Albert Einstein College of Medicine

SATURN TMVR

ALTAVALVE



Edwards SAPIEN M3 System

Dock Delivery Valve Delivery Final Implant
SAPIEN M3 SAPIEN M3 Valve
Dock

|,

r

/

SAPIEN M3 Dock Delivery Commander Delivery System
System




SAPIEN M3 SYSTEM: DOCK 2-STEP
SYSTEM

John Webb, CRT2018






Prevalence of TR

T Moderate/Severe Heart Valve Disease
—— >65 years, n=4753

1,600,000 - TR Cases

. Prevalence: 1.9% (TBC)
250,000 e Annual new TR Newly diagnosed: 0.7% (TBC)

50 OOO ° Annual MR Mitral Regurgitation
’ S i :
urgeries Prevalence: 3.5%
Newly diagnosed: 2.4%
e Annual TR |
: ess than
<81000 Surgeries 0
05 A) Of Tricuspid Regurgitation
cases Prevalence: 2.6%
' Newly diagnosed: 1.7%
90%

Repair d’Arcy J et al. Eur Heart J 2016.

Argarwal et al. Circ Cardiovasc Interv 2009;2:565-573
Stuge O, Liddicoat J. J Thorac Cardiovasc Surg. 2006 Dec;132(6):1258-61



Prevalence and Causes of TR in community
setting

417 community residents were diagnosed with greater or equal to moderate TR

All-cause TR (0.55%) was about one-fourth of all left-sided valvular disease

Congenital
16 - Prevalence of Valve Diseases Olmsted County Organic Wi
48% —\ |
14 - Isolated =
8.1%
12 5

Left valvular

Prevalence (%)
00

LV dysfunction
12.9% 3%
4 4
2 - P PHTN
0 s " 23.0%
18-44 45-54 55-64 65-74 >75
Age

—@— Combined Prevalence of AS, MS, AR and MR
m- Prevalence of All Cause TR=> Moderate

Only 2.6% of patients ever had tricuspid valve surgery during follow-up

Yan Topilsky et al. JIMG 2018;j.jcmg.2018.06.014



Prognosis of TR

Tricuspid valve disease is a severe condition with impact on long term survival,
esp in patients with chronic heart failure & LV dysfunction

Retrospective analysis of 5,223 patients (age 66.5 * 12.8 years)
adjusted for age, LVEF, inferior vena cava size, and RV size and function

1.0 ]
"
(i PN
* - “"'“’n'vﬁ...,
- - s

0.9 —y - g meeeeseene No TR
s, hadt W Trees
3 . T T e,
_ [ - - RILILY
0.8 I.‘..- - T - o rerersensaneens
~ Ye—an Mild TR -
0.7 ~ -,
N -
M ™
0.6 — T ik TR .
S M el
; 05 — l"--._‘_ Moderate TR -
— ——
S P <0.001 -
m 0.4 - — — — — —
Severe TR
0.3 — 1-year survival rate:
No TR 91.7%
0.2 — Mild TR 90.3%
Moderate TR 78.9%
01+ Severe TR 63.9%
0
| | | | | | | | | | | | | |
Days 0 100 300 500 700 900 1100 1300 1500

Nath et al. / Am Coll Cardiol 2004;43:405—09

Table 1. Clinical and Echocardiographic Features of Patients With Tricuspid Regurgitation

No TR

Mild TR

Moderate TR

Severe TR

(n = 600) (n = 3,804) (n = 620) (n = 199) p Value
Age (yrs) 62.2 = 12.8 66.0 = 126 71.9 = 11.7 71.9 =124 == 0.0001
LVEF (%) 57.3 =91 554 =116 471 = 15.6 40.4 = 17.2 == 0.0001
RV dilation 8% 11% 35% 6620 == 0.0001
RV dysfunction 3% 2% 30% 61% = 0.0001
Dilated IVC 6% 11% 44% 76% = 0.0001

Combined endpoint

(death, heart transplantation, left ventricular-assist device

Prospective analysis of 576 consecutive
patients with CHF (age 56.4+ 11.2 years)

Lo
0 P <0.0001
)97 5-year event
28 ] freedom:
o No/Mild TR 51.5
).7 Moderate TR 20.8
S Severe TR 19.0
86
g
e}
o
g ).5 | e
- - No/Mild
)4 5 R | TR
N'.".".‘ .......
237 B N oderaie TR
T i =
227 {.Severe TR
)1 I I I I I I I I I I I I I I I
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
0 Years

Neuhold et al

. Eur Heart J 2013;34:844-52

Survival, %

Retrospective analysis of 291 patients with LVEF<50%
and Functional TR (age 70 * 12 yrs; EF 31+10%)

100%

80%
ERO < 40 mm?
60% -
40% -
ERO 2 40 mm?
20%-
P=0.003
0%
0 1 2 3 4 5

Years

Topilsky et al. Eur Heart J Eur Heart J. 2018 Jul 27



Surgical outcomes of TV surgery

5,005 isolated TV operations between 2004-2013

(~20% of cases in US)

TV repair in 40.8%: TV replacement in 59.2%

CENTRAL ILLUSTRATION Temporal Trends in Surgical Volume and Mortality for Isolated

Tricuspid Valve Surgery

500 p<oool '°°
400 1 ¥ lgo

S 200 - '/(

Surgical Volume (N)

300 A /\ -
p < 0.001

L 40

100 -
/./‘\__,—4\/\\‘/‘
0 . . . . . . . . . p:0:51
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Year

-e- Tricuspid Valve Replacement
Tricuspid Valve Repair (N)
—+-In-Hospital Mortality After Tricuspid Valve Surgery
Zack, C.J. et al. J Am Coll Cardiol. 2017;70(24):2953-60.

In-Hospital Mortality is still 8.8%

TABLE 3 Multivariate Logistic Regression for Predictors of
In-Hospital Death in Patients Undergoing Isolated Tricuspid
Valve Surgery From 2004 to 2013

Comorbidity 0dds Ratio 95% ClI p Value
Coagulopathy 237 1.44-3.82 <0.001
Hypertension 0.40 0.27-0.63  <0.001
End-stage renal disease 3.15 1.41-7.05 0.005
Age =60 yrs 2.02 1.22-3.34 0.006
Tricuspid valve replacement* 1.91 1.18-3.08 0.009
Charlson comorbidity index 1.58 0.93-2.67 0.09 I

60

(%) faneviop jeudsoyH-u

20

8.8%

Trend in TVr (n*)

12,567 patients undergoing TV Repair & Replacement between 2003-2014

4000

3000

2000

No of patients undergoing TV surgery for TR increased by 48% from
3100 in 2003 to 4600 in 2014

TV Repair (n=7132) TV Replacement (n=2062)

P trend = 0.0039 - Total TVR

PG mf — e |SOlated TVR in 38.6%

=~ Isolated TVR

~e~ Total TVr
=e~ Combined TVr
=~ Isolated TVr

Trend in TVR (n*)

Isolated TVrin 14.8% "
w

* National Estimate Year

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 * National Estimate Years

In-Hospital Mortality

20+ - TVR and TVr

Il Isolated TVr p=0.63
Bl Isloated TVR p=0.58

16

Mortality (%)

2003-2006

Fahad Algahtani et al. J Am Heaff?Assoc 2017;6:e007597

2007-2010 2011-2014



Transcatheter Tricuspid Landscape

Direct Suture
Annuloplasty

Direct Ring
Annuloplasty

Coaptation
Enhancement

Valve

Replacement

Trialign

Annuloplasty ring Cardioband

Millipede DaVingi

Forma Croi Mitralix

TriCares TricValve TriCento




Un’ultima possibilita’....

Plane of maximum diameter
distal o ostium

Fixation barbs engage LAA wall




IN Caso di tfallimento della terapia: ICtus In terapia

f;\ﬁﬁﬁ%aé’(gi@}‘ﬁ alla chiusura dell’auricola

severl sanguinamenti 1n terapia anticoagulante

. Cas
fp QI'ts,ﬁiﬁ’tiva alla terapia anticoagulante in pazienti ad
elevato rischio emorragico ( varici esofagee, angiomi

cerebrali...)



Mitraclip

La cardiologia oggl, in sala di emodinamica
Trattamento dell'insufficienza mitralica e
tricuspidale: riduzione di anello e
ventricolo,

sostituzione delle valvole AV

La cardiologia domani, in sala di emodinamica



WW $ Cardiology Market Trends

B Future Segments:

$20B 1  All Transcatheter Valves (AS,MR,TR)
* LAA Occlusion
$16B * Heart Failure
PCI Future Segment CAGR

$128 2010 — 2020 = 30%

$8B + T

Existing PCI CAGR
$4B o 2010 — 2020 = 1-3%
$B = . . ==

2010 2015 2020
« New market segments may exceed PCIl market size by 2020
« Emergence of future segments relies on technology and clinical data

m Corvmbra UsiveErsiTy
2=t Mepicar CENTER

< NewYork-Presbyterian

cardiovesculay OUS markets will lead and exceed the size of US markets



Grazie per l'attenzione



