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Mitral Regurgitation: Not a single
disease entity

Mitral Regurgitation

Functional Mitral
Regurgitation (FMR)

Left

LV Dysfunction

Dilated Annulus
(Non-ischemic or ischemic
dilated cardiomyopathy)

ventricle

Etiologies
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(Chronic atrial fibrillation,
hypertension)
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Etiologies:

=  Advanced Barlow’s Disease
= Fibroelastic deficiency

Loss of leaflet coapation due to:
= annular enlargement
= Papillary muscle displacement causing

leaflet tethering/tenting

(affects leaflets and annulus)
Leaflet prolapse due to:
= Leaflet deformities or lesions
= Ruptured/ elongated chordae
= Papillary muscle rupture

Benjamin MM et al. Curr Cardiol Rep 2014;16:517
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Ventricular Remodeling in Heart Failure

* Adverse ventricular remodeling is a common '
feature of advanced heart failure >

* Progressive remodeling following myocardial injury =
is a result of neurohormonal activation

 Remodeling is characterized by left ventricular
enlargement and transition from an elliptoid shape f' )
to a sphere | ,‘f |

Jessup and Brozena, NEJM 2003 SIS




Etiology of Functional MR
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Asgar et al. JACC 2015




The Vicious Cycle Of Heart Failure

Worsening ! Volume

FMR overload
Can MitraClip interrupt
t this cycle or at least slow
Increased the progression?
O\yeorlll;? de 2 LV dilation
LV dilation
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The COAPT Trial

Cardiovascular Outcomes Assessment of the MitraClip Percutaneous Therapy for Heart
Failure Patients with Functional Mitral Regurgitation

A parallel-controlled, open-label, multicenter trial in 614 patients with heart failure and
moderate-to-severe (3+) or severe (4+) secondary MR who remained symptomatic
despite maximally-tolerated GDMT

GDMT alone
N=312

*Stratified by cardiomyopathy etiology (ischemic vs. non-ischemic) and site
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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, ).M. Mishell,
B. Whisenant, P.A. Grayburn, M. Rinaldi, S.R. Kapadia, V. Rajagopal,

A Hospitalization for Heart Failure C Death from Any Cause
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The Mortality Benefit of Therapies for HFrEF

Sacubitril / Mineralocorticoid

Iﬁ‘gf valsartan  geta- receptor  Hydralazine €D MitraClip
grkﬁgr blockers antagonists Isordil CRT

I

% Decrease in Mortality




RCTs of Transcatheter Mitral Valve Repair in
Patients with Heart Failure

The NEW ENGLAND JOURNAL of MEDICINE

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,
[.J. Sarembock, A. Brieke, S.O. Marx, D.J. Cohen, N.J. Weissman,
and M.J. Mack, for the COAPT Investigators”

Fhe NEW ENGLAND JOURNAL of MEDICIN E

| ORIGINAL ARTICLE

Percutaneous Repair or Medical Treatment
for Secondary Mitral Regurgitation

J.-F. Obadia, D. Messika-Zeitoun, G. Leurent, B. lung, G. Bonnet, N. Piriou,

I. Lefevre, C, Piot, F. Rouleau, D. Carrié, M. Nejjari, P. Ohlmann, F. Leclercq,
C. Saint Etienne, E. Teiger, L. Leroux, N. Karam, N. Michel, M. Gilard, E. Donal,
J.-N. Trochu, B. Cormier, X. Armoiry, F. Boutitie, D. Maucort-Boulch, C. Barnel,
G. Samson, P. Guerin, A. Vahanian, and N. Mewton, for the MITRA-FR Investigators”
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COAPT vs. MITRA-FR: 12-Month Death or HF Hosp

MITRA-FR
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Control Group 312
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COAPT

— MitraClip + GDMT
GDMT alone

HR [95% Cl]=
0.63 [0.49-0.82]

P<0.001
46.5%
33.9%
3 6 9 12
Months
244 205 174 153
264 238 215 194
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Why are the COAPT Results so Different from MITRA-FR?

MITRA-FR (n=304) COAPT (n=614)

S M ciiny cierE Severe FMR by EU guidelines: EROA | Severe FMR by US guidelines: EROA

>20 mm?2 or RV >30 mL/beat >30 mm?2 or RV >45 mL/beat
EROA (mean * SD) 31+10 mm? 41 + 15 mm?
LVEDVSmean iSD! 135 + 35 mL/m? 101 + 34 mL/m?
— S
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3 Patients with EROA of 30 mm2

LVEF 22% LVEF 36%
LVEDV 310 mL LVEDV 197 mL
GLS -6.8% GLS -8.4%

LVAD, =

LVEF 60%
LVEDV 140 mL
GLS -20.3%

MR correction

transplant, ‘Spectrum of LV dysfunction

likely to be

hospice

LVEF, LV size, LV geometry LVEF, LV size, LV geometry
Severely abnormal Mild-to-moderately abnormal

c/o Paul Grayburn

beneficial

LVEF, LV size, LV geometry
Normal




Conceptual framework that distinguishes potential patients that may benefit from
TMVr amongst the heterogeneous group of patients with FMR due to LV disease

—_— EROA vs LVEDV at LVEF 30%, RF 50%

Disproportionately Severe MR
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Paul A. Grayburn et al. JIMG 2018;j.jcmg.2018.11.006
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B Multiparametric Echo MR Assessment

Secondary MR, Severity 3+ or 4+
(Graded by 1 of 3 criteria

EROA =0.3cm2 EROA0.2cm2 -<0.3cm2 EROA <0.2 cm2 or NA

or With any 1 of the following: With at least 2 of the following:
PV systolic flow RV = 45 ml/beat *RV = 45 ml/beat
reversal ‘RF =240% ‘RF =240%
*VVC width =2 0.5 cm *VVC width =2 0.5 cm

*PISA radius > 0.9 cm but no CW
N=70 (10.5%) sLarge (= 6.0 cm) holosystolic jet
wrapping around LA
*Peak E velocity = 150 cm/s

N=570 (85.7%)

+ LVEF 20%-50% and LVESD <70 mm

No severe PHTN or RV failure
N=25 (3.8%)




Why are the COAPT Results so Different from MITRA-FR?

Severe MR entry criteria

EROA (mean + SD)
LVEDV (mean + SD

GDMT at baseline and FU

MITRA-FR (n=304)

Severe FMR by EU guidelines: EROA
>20 mm?2 or RV >30 mL/beat

31+10 mm?
135 + 35 mL/m?

Receiving HF meds at baseline —
allowed variable adjustment in each
group during follow-up per “real-
world” practice

COAPT (n=6

14)

Severe FMR by US guidelines: EROA
>30 mm?2 or RV >45 mL/beat

41 £ 15 mm?

101 + 34 mL/m?

CEC confirmed pts were failing
maximally-tolerated GDMT at
baseline — few major changes during

follow-up

Convmmia Usevensiry
Muemacas Canren

e B stnu--'n- -t e



Why are the COAPT Results so Different from MITRA-FR?

MITRA-FR (n=304) COAPT (n=614)
Severe MR entrv criteria Severe FMR by EU guidelines: EROA  Severe FMR by US guidelines: EROA
y >20 mm? or RV >30 mL/beat >30 mm? or RV >45 mL/beat
EROA (mean * SD) 31+ 10 mm? 41 + 15 mm?
LVEDV (mean = SD 135 + 35 mL/m? 101 + 34 mL/m?
Receiving HF meds at baseline — CEC confirmed pts were failing
GDMT at baseline and FU allowed var'lable adjustment |”n each m.aX|maIIy—toIe.rated GDMT at-
group during follow-up per “real- baseline — few major changes during
world” practice follow-up
Acute results: No clip / 23+ MR 9% / 9% 5% / 5%
Procedural complications™ 14.6% 8.5%
12-mo MitraClip 23+ MR 17% 5%

*MITRA-FR defn: device implant failure, transf or vasc compl req surg, ASD, card shock, cardiac embolism/stroke, tamponade, urg card surg ,....,:,'.:‘:‘.:.;:.'.

= ety



\$) COAPT ] L ]
~ All-Cause Mortality or HF Hospitalization

All patients, ITT, including crossovers

|
* MitraClip + GDMT I
GDMT alone :

HR [95% CI] =

561045, 0.60) - 4 » Benefit sustained

P=0.0000001

at longer term
HR [95% CI] = 0.48 [0.39, 0.59] fOI |OW u p

P=0.0000000000001
NNT = 3.4 [95% Cl 2.7, 4.6]

Mortality or HFH (%)

NNT = 4.5 [95% CI 3.3, 7.0]

T T

i 18
# at Risk: Time after randomization (months)

MitraClip + GDMT 196 176 148
GDMT alcne 156 120 87

Mack MJ et al. Submitted.
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COAPT

" Primary Safety Endpoint (MitraClip arm)

Freedom from Device-related Complications
n=293 pts with MitraClip procedure attempted

0-30 Days

0-12 Months

0-24 Months

0-36 Months

All

1.4% (4)

3.3% (9)

5.2% (13)

8.7% (18)

- Device-related complications
» Single leaflet device attachment
* Device embolization
* Endocarditis requiring surgery
» Mitral stenosis requiring surgery

» Any device-related complication
requiring non-elective CV surgery

1.4% (4)
0.7% (2)
0.3% (1)
0.0% (0)
0.0% (0)

0.3% (1)

1.4% (4)
0.7% (2)
0.3% (1)
0.0% (0)
0.0% (0)

0.3% (1)

1.4% (4)
0.7% (2)
0.3% (1)
0.0% (0)
0.0% (0)

0.3% (1)

1.4% (4)
0.7% (2)
0.3% (1)
0.0% (0)
0.0% (0)

0.3% (1)

- Progressive heart failure

» Left ventricular assist device implant

» Heart transplant

0.0% (0)
0.0% (0)
0.0% (0)

2.0% (5)
1.2% (3)
0.8% (2)

3.8% (9)
2.6% (6)
1.3% (3)

7.4% (14)
5.4% (10)
2.6% (5)

Mack MJ et al. Submitted.

Primary safety endpoint




MR Reduction in COAPT

1.5%
5.9%
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MitraClip+GDMT  GDMT Alone | MitraClip+GDMT  GDMT Alone
Baseline 30 Days

Stone GW et al. N Engl J Med. 2018;379:2307-18




Kar S et al.

Time to Death or First HF Hosp
Pooled population, stratified by 30-day residual MR

100% -

COAPT

- MR 0/1+ (N= 223; 41.8%)
MR 2+ (N=122; 22.8%)

MR 3+/4+ (N=189; 35.4%) 73.5% Outcomes

e determined by
 —38.6% procedural result

. 'E'___.,.‘—~=P“‘
= e P<0.001 Overall
HR [95% CI]= 0.76 [0.54, 1.07], P=0.12 for 0/1+ vs 2+
HR [95% Cl]= 0.38 [0.29, 0.50], P<0.001 for 0/1+ vs 3+/4+

HR [95% Cl]= 0.50 [0.36, 0.68), P<0.001 for 2+ vs 3+/4+

- - -

S
@
(T
= St
o
(o)
Lo
e
©
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()

12 18 24
# At Risk Follow-up Duration (Months)

MR 0/1+ 223 192 152 117 73
MR 2+ 122 101 81 57 36
MR 3+/4+ 189 120 83 51 30




What do the crossovers show us?

MitraClip Crossovers in GDMT-Assigned Patients

GDMT alone
(N=312)

No MitraClip crossover MitraClip crossover
Not eligible for before 24 months before 24 months
crossover at 24 (N=138) (N=5)"
months (N=169)
Death: 124

LVAD: 16
Transplant: 9

Withdrawals: 26 No MitraClip MitraClip crossover Total Crossover
Lost to follow up: 3

Othert: 2 crossover between 24 and 36 mos (N=58/312; 18.6%)
INo FU data post 24 months (N=85) (N=53/1 38; 384%)

Duration from randomization to crossover;
FRmay be.in more than one category Median: 25.5 months; Range: 0.2 to 32.9 months

Follow-up after crossover:

*Protocol deviation

Median: 7.7 months; Range: 0.0 to 43.6 months

% tct2019 0 Sardiove

Research Fou ation
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COAPT

MR Grade at Baseline and 30 Days

MitraClip GDMT only - GDMT only -
+ GDMT 58 crossovers censored 58 MitraClip

(all pts) 0/1+ m2+ W3+ =4+ crossover pts

Proportion of patients (%)
=]
=

Baseline 30-day follow-up Baseline 30-day follow-up Baseline Within 30 days after
crossover

N=302 N=273 N=311 N=256 N=57 N=48

) OGN »
" tc t 201 9 MR grade within 30 days after crossover is defined as the MR grade at the scheduled 30-day post MC procedure " kpf;g:%‘éi}sn%‘:!lgg
visit, or MR grade at the latest echo up to 30 days post procedure if the 30-day post MC procedure MR is missing.
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Treatment with MitraClip, even late, provides

clinical benefit

COAPT . . . .
9 All-Cause Mortality or HF Hospitalization Multivariable Predictors of Death or HFH Within 36 Months

GDMT pts censored at time of crossover; Crossovers landmarked at MitraClip procedure GDMT only qroup with MitraCIip crossover as a time_adjusted covariate

100% ]
e MitraClip + GDMT r i
P GDMT:’-sne crossovers censored : 87.0% Hazgasfl;’ Elatlo P-Value
2 80% | = GDMT, crossovers to MitraCiip | [ o ]
; = '66.8% Al Treatment with MitraClip 0.43 [0.24, 0.78] 0.006
5 /‘,,f" e BNP (per 100 pg/mL) 1.02 [1.01, 1.03] <0.0001
% 40% 1 Jﬂ,,»»—’—/w 144 5% Vasodilator use (hydralazine or nitrates)  1.91 [1.37, 2.66] 0.0001
S - O el | Systolic blood pressure (per 1 mmHg) 0.99 [0.98, 1.00] 0.004
E STS replacement score (per 1 unit) 1.04 [1.01, 1.07] 0.005
S 5 3 2 % S 7o Beta-blocker use 0.57 [0.37, 0.88] 0.01
a ‘ Ti fter randomization (months)
h1»trsCI|;~lG‘:;::T 302 238 me1;e - 0176” s ":ae; " 101 &6 LVEDV (per 10mL) 1.02 [1'00' 1'04] 0.02
GOMT only, crossovers censored 312 205 155 e 85 a3 19 Variables enered the final moded iInclude: ACEVARBIARNI use, akdosierone inhibitor use, hisiory of anemia. beta-blocker use, BNP, serum creatining, Sreatment with
GDMT crossovers to MeraCep 58 30 22

MitraClip, EROA sex, vasodilators (hydmlazine or nitrates), LVEDV, LVEF, prior PCUCASG, renal dsease. SMWD, prior stroke, STS replacement score, SBP, TR grace,

’ ' ! other variables lasted had a>0.20 in univarabie ansiysis were colinear with the present variables oc had <S0% values ‘o
N tctzo‘lg For crossover patients. folaw-up duration is from the crossover procedure date: events at procedure dates are excluded ‘ J raiovascuia " tc t 2019 " ardiovascular®
Event rotes are Kaplan-Meier tme-to-first event estimates, with landmark anafyss for crossover patients

WArth F~,-,- o Hesawr :r: ndation
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Responders vs Non-Responders

A
MitraClip + GDMT GDMT Alone
79
(27.2%) & Alive without HFH, KCCQ change 220
(5;586%) B Alive without HFH, KCCQ change 5 to <20
35 B Dead or HFH or KCCQ change <5 208
(19.0%) (73.5%)
p < 0.0001 for all
B
p = 0.0002 60% A
60% 4 ’
53.4% 53.6% ~ 55% o
50% o p=0.09
% - p=041 p = 0.0003 E 50% A p =0.005 p=0.02 —
o e — .§ r~— s 45.4%44]%

28.2% p =0.05 45%

21.6%22.1%

26.3%

7% N.3%

MR Severity at 30 Days (%)
w
(o)
P-4

<1+ MR 2+ MR 3+MR 4+ MR Super-Responder Responder Nonresponder
W Super-Responder Ml Responder [l Nonresponder B RVSP at baseline [ RVSP at 30 days

] Grayburn, P.A. et al. J Am Coll Cardiol. 2020;76(9):1007-14.
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Early clinical benefit results in improved long term

outcomes

o \DEXT Association of 1-Month Change in KCCQ
- ssociation or 1-wmon ange in
Effects of TMVr: Health Status g
and Outcomes Between 1 Month and 2 Years
o A159 A153 A145 A128
p<0.001 p<0.001 p<0.001 p<0.001 Adjusted HR (95% Cl)
- 80 A S i (per 10-point increase in KCCQ from baseline to 30 days)
o /’ iy 1 _ N D Death or HF hospitalization —e— | 0.75 (0.69-0.82)
8 MCID 5 points lon E
o 40 All-cause death  —eo— : 0.82 (0.74-0.90)
§ :
20 HF hospitalization ~——e— i 0.78 (0.68-0.89)
0 3 T ' ' 0.50 0.75 1.cl>o 125 150
0 6 12 18 24
Months

Arnold SV et al. J Am Coll Cardiol. 2019;73:2123-32 Arnold SV et al. JACC, 2020,75:2099-2106




VL Impact of Pulmonary HTN
2-year Death or HFH after MitraClip vs. GDMT alone

HR for MitraClip and GDMT alone separately, : :
referenced to PASP 50 mmHg HR for MitraClip vs. GDMT alone

o= TMVr plus GDMT, p=0.84

= GDMT alone, p=0.83

35 40 45 1] 5 &0 65 70 20 5 1] 35 40 45 50 % &0 65

mHg) Baseline PASP (mmHg)

Baseline PASP (m

Ben-Yehuda O et al. Submitted.




Impact of Mitral Gradient on Outcomes

COAPT

- Impact of Post-MitraClip Gradient

Mean discharge TTE MVG after MitraClip was 4.2 + 2.2 mmHg (range 1 to 13.2 mmHg)*
Mean MVG in quartiles: 2.1+0.4, 3.0+0.2, 4.2+0.5, and 7.2+2.0 mmHg

Mitral Valve Gradient by Quartile Death or HF Hospitalization

14 1 = Quartile 1 Quartile 2 === Quartile 3 === Quartile 4
o

-
N
A
o)
o

-

o

"
§ N
o
A

N
o

Overall Log rank
p value = 0.78

MV Gradient (mmHg)
Death or HFH (%)

n=64

12 18 24

Q4 Time (months)

Halaby T et al. Submitted. *Median [IQR] = 3.5 [2.6, 5.1]




MitraClip in Heart Failure — What have we learned?

Treatment with MitraClip in patients with heart failure
despite GDMT results in sustained clinical benefit

Late treatment provides the same clinical benefit
Clinical outcomes linked to quality of life benefit

Patients with pulmonary hypertension or residual gradient
also derive the benefit

Future studies will need to determine whether indications
should be broadened (anatomic restrictions, earlier
treatment, etc.)




ldeal Candidate for MitraClip in Heart Failure

* Favorable anatomy (lack of calcium, clefts, broad jets, small
MVA)




