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Mitral Regurgitation

Undertreated
All patients Ejection Ejection
(n=1294)  fraction<50% fraction 250%
(n=538) (n=756)
Mitral surgery
Total 198 28 (5%) 170 (22%)
Repair 149 18 (3%) 131(1 %)
Replacement 49 10 (2%) 39 (5%)
Tissue 3 (<1%) 20 (3%)
Mechanical 7 (1%) 19 (3%)

e Dziadzko, V. et al. Lancet 2018;391:960-69.
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Mitral Valve Anatomy
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Opportunities and Challenges
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Central fibrous body
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Degenerative Mitral Regurgitation
Valve is the problem
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Functional MR
Muscle is the 1° disease
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Survival in Cardiomyopathy
Proportional to MR
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Factors for deciding treatment

Anatomy Function Etiology
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MISTRAL (Mitralix)
Chordal repair

. n . . GDS Acoucingh (CGDS)
% " Va 3 aet i :
MiraClp (Anbot Vasduiar) o Ancadopbets

Edpe-to-edge repair

V-Chordal-Transfemoral
(Vaitech)
Chordal repair

Mitralgn Bident (Mitralign)
NeoC hord (NeaChord Direct annuloplasty
5 1000)

Chorcal repair

Cardicband TF (Valtech)
Drect anrdoplasty Kardium MR (Kardium)

Direct annuioplasty

V-Chordal-OfN Pumrmg {(Valiech)
Chordal repair

Milipede Ring (Milipede)
Direct arruloplasty

PS3 (MVRx)
Annuloplasty

CARILLON (Cadac Cardica Mitral Regair (Carcdics) Ty

Dimensions) Edge-to-edge repair - ;’t"\ .

rdrect Arrviaplasty YT Iy MitraFlex (TransCardiac)
o = Edge-to-edge

WalCare MY Repair [WalCare)
DHirect anmusloplasty

Mitra-Spacer-Transapical
I ardiosolunons)
Enmhanced coaptation




Mitra-clip
Leaflet Repair
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Leaflet Repair

3D Beats 1
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Mitra-Clip
Mitral Valve Repair
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Mitra-Clip
Mitral Valve Repair
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Mitra-Clip
Mitral Valve Repair

Pat, T: 374.°C
TEE T: 39.0'°C
l} 155 180
]
]

\
\

50 mm/s ~ - s - |
= -

CENTER FOR STRUCTURAL HEART DISEASE

HFHS TEE
X7-2t

20 Hz
10.0cm

50 mm/s

Color
4.0 MH2z
Gn 60
4/5/1
Fltr Med

65
BPM

Pat, T: 37.0 °C
TEE T: 39.0 °C
0 /6 180
t
1

\

G
P @ R
3.0 8.0

for you



HFHS TEE Pat, T: 37.0 °C
X7-2t TEE T: 38.5 °C
20 Hz 87 180
10.0cm \

50 mm/s

Color

4,0 MH2z
Gn 60
4/5/1
Fltr Med

G
P & R
3.0 8.0

67
BPM

CENTER FOR STRUCTURAL HEART DISEASE




MitraClip
EVEREST I

. Surgery (N=80)
"
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P
Age (per 5 years) - 0.005
Female + 0.69
Non-white or Hispanic ethnicity N 0.69
Prior stroke + 0.63
Hypertension 0.22
Prior myocardial infarction _— 0.68
Diabetes mellitus — — 0.79
Dialysis //— 0.004 ]
Immunocompromise present ¢ 0.99
Moderate or severe lung disease » 0.02
Left ventricular ejection fraction (per 5%) - - <0.0001
Severe tricuspid regurgitation . <0.0001 l
Functional mitral regurgitation : 0.22
Post-procedural MR (reference = grade 2)
Grade 1 or none — — 0.0004
Grade 3 or 4 ' 0.0005 |

0.5

1.0 1.5 2.0
Hazard Ratio (95% Cl)

2.5

W
Sorajja et al. JACC 2017;70:2315-27.  ©-U
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Multivariate predictors of LA pressure reduction
and increased mitral gradients

Optimal LAP Reduction

Parameter Adjusted Risk Ratio (95% Cl) P Value
Flail scallop 3.49 (1.40-9.15)

Single jet or multiple jets originating 3.56 (1.24-11.98)
from a single scallop

Good or excellent 3D image quality 4.72 (1.16-32.16) 0.03

MnG =5 mm Hg Postprocedure

Parameter Adjusted Risk Ratio (95% Cl) P Value
Preprocedural MnG* 2.34 (1.27-5.07)

MAC 12.21 (2.24-109.76)

~1 Clip deployed 7.69 (1.62-48.6)

CENTER FOR STRUCTURAL HEART DISEASE

Thaden et al J Am Heart Assoc 2018;7:e007315
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Mitra-Clip
New Generation

MitraClip NT / NTR MitraClip XTR

*Leaflet insertion needed to engage all frictional elements
**Cliparm length 8§ Clip arm span at 120 degrees
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Mitra-Clip XTr

Ruptured Papillary Muscle
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XT R Procedural duration, min 83 + 45

Fluoroscopy time, min 15 + 12
O Utcom eS Technical success* 100 (93)
Procedural death 0

Single-leaflet device attachment

Isolated leaflet damage

Conversion to open heart surgery

< Device embolization 0
Tamponade 0
Major access-site bleeding 3(3)
Cerebrovascular event 0
Implantation of more than 1 device 46 (43)
Combination NTR/XTR 22 (21)
Echocardiographic result at discharge n =102
MR grade at discharge
04 4 (4)
14 75 (73)
24 16 (16)
34 5 (5)
CENTER FOR STRUCTURAL HEART DISEASE 4 { 2 {2}
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XTR
Echocardiographic outcomes

Baseline Discharge Follow-up

N =107 N=102 N =81

100 -
S 7
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20 -
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Primary/  Secondary Primary/ Secondary Primary/ Secondary

14
15

Percentage (%)

Mixed Mixed Mixed
MR Etiology
MR Grade m 4+ o 3+ 2+ m 1+ m 0+

Praz, F. et al. J Am Coll Cardiol Intv. 2019;12(14):1356-65.
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NTR and XTR
Early Learning Curve
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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, 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.]. Mack, for the COAPT Investigators*

CENTER FOR STRUCTURAL HEART DISEASE Stone G et al NEJM 2018
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) COAPT

All-cause Mortality

100%
— = MitraClip + GDMT
h""?n. I
S~ gpop GDMT alone T
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o P D
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= 50 5% 51 55117 46 1%
©  40%— '
=
© 29.1%
P 20%—
<C
D% 1 1 1 1 1 1 ]
0 3 6 9 12 15 18 21 24
_ Time After Randomization (Months)
MNo. at Risk:
MitraClip + GDMT 302 286 269 253 236 191 178 161 124
GDMT alone 312 204 2 245 219 176 145 121 a8
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COAPT ) _ _ Kar S TCT 2019
\JCOAR Primary Effectiveness Endpoint

All Hospitalizations for HF within 24 months

300

e €MitraClip + GDMT
2204 = GDMT alone

283
in 151 pts

200 -+

150 160
in 92 pis

100 -

HR (95% CI] =

Cumulative
HF Hospitalizations (n)

- 0.53 [0.40-0.70]
P<0.001
0 3 6 9 12 15 18 21 24 Median [25%, 75%] FU
: | =19.1[11.9, 24.0] mos
S R —— Time After Randomization (Months)
MitraClip 302 288 260 253 236 191 178 181 124
GDMT 32 204 i 295 218 176 145 121 B8




COAPT
Mitral Regurgitation over time

MR Device Group
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Endpoint Device GDMT Hazard Ratio P-value

1°CHF hospitalizations (2Yr) 35.8% 67.9% 0.53 (0.4-0.7) <0.001
1° Freedom device complications (1yr) 94.8% --- <0.001
Relative to goal of 0.88
Mitral Regurgitation <2+ 94.8% 46.9% <0.001
All cause Death (1yr) 19.1% 23.2% 0.810.57-1.15)  <0.001 for noninferiority
Death or hospitalization
A Kceq 12.5+1.8 -3.6%1.9 16.1 (11-21.2) <0.001
A 6 min. walk distance -2.219.1 -60.219 57.9(32.7-83.1) <0.001
All cause hospitalization 106.2% 146.4% 0.76 (0.6-0.96) 0.02
NYHA FC I-11 72.2% 49.6% <0.001
A LVED volume -3.7+5.1 17.115.1 -20.8 (-34.9--6.6) 0.004
All cause death (2yr) 29.1% 46.1% 0.62 (0.46-0.82) <0.001
Freedom from death, stroke, Ml and 94.7% <0.001 for comparison
nonelective cardiac surgery for a device related with goal of 80%

complication @ 30 days

CENTER FOR STRUCTURAL HEART DISEASE Stone G et al NEJM 2018
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Mitra-Fr and COAPT

Contrasts
Mitra-Fr COAPT
Medical Therapy Site Determined Central Committee
LVEF 33.316.5 31.319.1
EROA 0.31+0.1 0.41+0.5
BNP 765 (417-1281) 1014.8 £1086
Procedural Complication rate 14.6% 3.4%
MR <2+ (1Yr) ~82% 94.8%
Death (1yr) 24.3% 19.1%

HF hospitalization 48.7% 35.8%

CENTER FOR STRUCTURAL HEART DISEASE Stone G et al NEJM 2018

m) all for you



Pascal
Edge-to-edge repair
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PASCAL
Early Feasibility Study

Adverse Events at 30 Days and 1 Year

30 Days 1 Year

CEC Adjudicated Events N=30 N=30
% (n) % (n)

Cardiovascular Mortality 0.0% (0) 3.3% (1)
Stroke 0.0% (0)  0.0% (0)
Myocardial Infarction 0.0% (0) 0.0% (0)
New Need for Renal Replacement Therapy 0.0% (0) 0.0% (0)
Severe Bleeding* 6.7% (2) 16.7% (5)
Re-Intervention for Study Device-Related Complication 3.3% (1) 3.3% (1)
Composite MAE Rate, patients 6.7%(2) 10.0% (3)

In the first 30 patient cohort, three patients experienced a total of seven events at 1 year

(n=1) Cardiovascular mortality due to conduction system disturbance POD 165

(n=1) Re-intervention for study device-related complication POD 00 and severe bleeding POD 01

(n=1) Procedure-related severe bleeding POD 17; recurrent Gl bleeds POD 186; POD 221; POD 262

CENTER FOR STRUCTURAL HEART DISEASE
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PASCAL -
CLASP EFS ,

93% Survival and 86% Freedom from HF
Hospitalization at 1 Year
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0 30 Days 6 Months 1 Year 0 30 Days 6 Months 1 Year
Time from Implant Time from Implant
Patients at Risk 30 29 27 12 30 28 25 1
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Annuloplasty technology

ndibulum
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Cardioband
Mitral Annuloplasty

TIS0.9 MI 0.9

CENTER FOR STRUCTURAL HEART DISEASE




Cardioband
79% 2 year survival, sustained MR reduction (@ 2 years

93% MR < 2+ 95% MR < 2+ 96% MR < 2+
at 6 Months at 1 Year at 2 Years

100% -

100
| 982%

93+3% 87+4% l_I_‘_ 80% -
80

79+6%

T 60% -
£ 60 - ’
I
2
E —
a 40% -
40 -
20% -
20 -

0% -

Baseline Discharge 30 Days 6 Months 1 Year 2 Years
0 30Days 6 Months 1 Year 2 Years
N=61 N=58 N=54 N=43 N=39 N=26
Time from Implant
MR Grade e
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Millipede Transcatheter Repair System

= Replicates surgical repair LY »
= TEE and ICE Navigation A b | \
= Repositionable ) \7 7N

= Future interventions will be feasible if necessary

%

Placement Anchor

CENTER FOR STRUCTURAL HEART DISEASE
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Millipede

Guide ‘“"”"“\.t
:,:)n—-"J

Delivery
Catheter

L 97 cm A

ICE "
Catheter 4

Familiar Adjustment Standard imaging:
steering to knobs control * Fluoro to access left atrium
land device anchoring and » TEE to land device

actuation « |ICE to locate anchors
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Millipede

21 Patients — Paraguay & Brazil prior to BSX acquisition
* 6-2017

e 15-2018 with integrated ICE

* No independent core lab review

* No 30 day mortality & few MAEs

Average Reduction SL Dimension: 35% MR Grade

E
e
| —
>
a
._J
#

0

Baseline Discharge 30 Days

Baseline 30 Days

=
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Chordal Repair for leaflet prolapse/flail

undibulum

——

-
P
| eaflets

Papillary muscles
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Harpoon Procedure

CENTER FOR STRUCTURAL HEART DISEASE Gammie J TCT 2017



Real-Time Titration of ePTFE Cordal Length

CENTER FOR STRUCTURAL HEART DISEASE Gammie J TCT 2017
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Harpoon
Early Feasiblity and TRACER CE trial

19%
20%
0%
74% 40%
62%
20% 20%

L
BELSE].LD.E Discharge 30 Day 6 Month 0%
N=3 N =358 N =60 N=58

W None Trace Mild Moderate BSevere

Baseline 30 Day 6 Month 1 Year
N=359 N=358 N =357 N=352

NYHA Class I NYHAClassII wmNYHA Class ITT

CENTER FOR STRUCTURAL HEART DISEASE Borger M TCT 2019
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Summary

Pat, T: 37.0 °C
TEE T: 39.5 °C
0 143 180
1 ]

= Mitral Regurgitation increases as patients age

* Anatomy of the mitral is more complex
* Requires more tools to fix

= Native and post-surgical

= 3 Main considerations
* Anatomy A\
* Etiology of mitral regurgitation (e.g. ischemic, prolapse)
* Mechanism of failure

CENTER FOR STRUCTURAL HEART DISEASE
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Summary

* Treatment of Functional Mitral Regurgitation
* COAPT Proved MR reduction in Cardiomyopathy improves outcomes
* Mortality, HF hospitalizations, symptoms, QOL

= Many tools for repair based anatomy

* Leaflet repair
* Edge-to-edge
* Focaljets
* Flail segment ke

 Annulus iy
e Cardioband Fitr Med
* Millipede
* Cerclage

* NeoChords

50 mm/s
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Transcatheter mitral valves

Sampling
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Replacement
Does it offer advantages?

.\' .
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Repair in Functional MR (Ischemic)

Prone to Recurrent MR

70—
60
50
T
g
E 304 -
20+ —
10+
0- : W X
S
Q—Q‘Q ef‘oe
5
&
30-Day Visit 6-Month Visit

12-Month Visit

24-Month Visit

[] Death preceded by
recurrent MR or
reintervention

[l Death not preceded
by recurrent MR or
reintervention

B Recurrent MR

or reintervention

CENTER FOR STRUCTURAL HEART DISEASE Goldstein D et al. N Engl J Med 2016;374:344-53.
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Mitral Valve Replacement in ICM
Higher Early Mortality Compared to Repair

A Death
30+
Hazard ratio, 0.79 (95% Cl, 0.42-1.47)
P=0.45
_ 209 MV replacement
B\i ______ = e e e e
= J=t——
E —I-—
S R MV repair
10 4 P
f
1
-
r
4
0 ! | | |
0 3 6 9 12
Months
No. at Risk
MV repair 126 116 114 109 106
MV replacement 125 109 104 103 101

CENTER FOR STRUCTURAL HEART DISEASE Acker MA et al. N Engl ) Med 2014;370:23-32.
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Transseptal vs. Transapical
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Transseptal vs. Transapical

PARTNER | TMVR Registry
LOS >14 days — --- 40 -
Sub-group
Hospital death — AnalySiS —— ;@
< 30+
Renal failure — — E
o
£ Log-rank p = 0.74
Bleeding — —_— EO 20 = 174%
A — :
Myocardial infarction = ° g 1 62%
S1w{ T
Pacemaker —| - i
Stroke — —e 0 | T I 1
0 90 180 270 360
Vascular injury | - Days
No. at Risk
105 <6 days — ¢ Transapical 165 97 90
More likely after TF-TAVR Transseptal 82 33 30
: — T T+t T T T ] Transapical Transseptal
05 2 45 15113 225 5 20

Odds Ratio (in log scale)

CENTER FOR STRUCTURAL HEART Diseast  Blackstone E Circulation 2015;131:1928-00.

all for you

Yoon S et al. JACC 2017;70:1121-31.



88 yo F with calcific mitral stenosis
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Recovery after a PEA arrest

s 2. Rest Pressure Calculali.. 1:35:03 PM Sensk VC128
Pat. T: 37.0 °C AN Wl
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When do we obstruct?

ROC Curve for LVOT prediction modeling
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ROC —
LVOT Obstruction

" Neo-LVOT 170 mmz2
* Sensitivity 96.2%

80

60

* Specificity 92.3% g

= MA-IVS |2
D 40

Neo-LVOT Area
— MA-IVS Distance
— LVEDD
Relative Wall Thickness
— LV Mass Index

— Aortomitral Angle
1 1 I 1 1 1 I 1 1 1 I 1 1 1 I | 1 1 I

0 20 40 60 80 100
100-Specificity

* Sensitivity 84.6%
* Specificity 95.8%
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CENTER FOR STRUCTURAL HEART DISEASE Yoon SH JACC Int. 2019:12:182-93.

HeaLTH'SYsTEM) all for you



Specific valve sizes and fixation mechanisms
High rate of anatomic screen failure

Enrolled
N = 332 Enrolled
N =100 Treated Screen fails: 212
| On hold: 13
# * Pending decision or

awaiting treatment: 7/
Baseline Evaluation

N =100
# Followed at Visit: 100

CENTER FOR STRUCTURAL HEART DISEASE  pagarirg, A. et al. J Am Coll Cardiol. 2017,69(17) 2175-92
Sorajja P et al JACC 2019;73:1250.
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Need for anticoagulation
Duration?

&
CENTER FOR STRUCTURAIL HEART DISEASE
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History

=55 yo M NYHA Il

* Severe Mitral Regurgitation
* Functional

* Moderate-Severe Aortic Insufficiency
* Prior hx non-Hodgkin’s Lymphoma
* mantle radiation

* Prior CABG (LIMA, SVG-OM)

= Repeat sternotomy
* Aborted AVR/MVR due to hostile chest

= Evaluation for percutaneous treatment

CENTER FOR STRUCTURAL HEART DISEASE




TMVR- Functional MR
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Courtesy of J. Leipsic and P. Blanke

TMVR- Functional MR
Neo-LVOT Measurement

100521.0¢°5001 1O

100521.026-5001 O o 100521.026-5001 O
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TMVR- Functional MR
Apical Access

Pat, T: 37.0 °C
TEET: 38.5 °C
Seek Angle: 60°
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TMVR- Functional MR
Tether tightened

TEE ) Pat, T: 37.0 °C
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Tendyne Global Registry (CE)
n=100

First 100 Patients Treated

Change in Mitral Regurgitation
, / 11% 1.2% 4.5% 4.7%
= ot 100% -
Nk 90% A
< 80% -
' 70% A
60%
50%
40%
30% -
20% A
* No intra-procedural deaths 10% -
« Technical success in 96% 0% Zop
« 30-day death, 6%; 1-year mortality, 26% Baseline Pre-Dlscharge 1 Month 3 Months 6 Months 12 Months
» Among survivors at 1 year, 88.5% with mild M None/Trivial M1+ M2+ 3+ W4+

or no symptoms

Sorajja, P. et al. J Am Coll Cardiol. 2019;73(11):1250-60.
CENTER FOR pe RAL ODEART DISEASE
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Tendyne

Any mortality 26 (26)
N=100 Cardiovascular mortali 22 (22)

Disabling stroke 2 (2) 3(3)

TIA 0 (0) 3(3)

Myocardial infarction

Heart failure hospitalization 12 (12) 31 (31)
Reintervention for MV* 1(1) 4 (4)
BARC 2, 3, or 5 bleeding 20 (20) 32 (32)
Device-specific adverse events
Bioprosthetic valve dysfunction 0 (0) 0 (0)
Hemolysis 1(1) 3(3)
Embolization 0 (0) 0 (0)
Thrombaosis

Erosion, migration, malposition

>oad
=" %

Fracture
Endocarditis 1(1) 2(2)

CENTER FOR STRUCTURAL HEART DISEASE Sorajja P et al JACC 2019;73:1250.



Intrepid
Transapically implanted self-expanding valve

Advance Retract to
across mitral Deploy brim desired
valve position

Expand

- . Release
fixation ring

CENTER FOR STRUCTURAL HEART DISEASE Reardon M TCT 2018
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Percutaneous Replacement- Intrepid Valve
50 patients- 72% FMR

TABLE 2 Adverse Events

0-30 Days =30 Days
(n=41)

Death 7 (14.0)
Cardiovascular 7 (14.0)
Noncardiovascular 0 (0.0)

Stroke 2 (4.0)

Disabling stroke 0 (0.0) 0 (0.0)
Nondisabling stroke 2 (4.0) 1(2.4)
Myocardial infarction 0 (0.0) 0 (0.0)
Acute renal impairment, stage 3 5 (10.0) 0 (0.0)
Major vascular complications 0 (0.0) 0 (0.0)
Major cardiac structural complication 2 (4.0) 0 (0.0)
Major bleeding 9 (18.0) 0 (0.0)
Reoperation for any reason 5 (10.0) 1(2.4)
Reoperation for bleeding 5 (10.0) 0 (0.0)
Reoperation for other* 0 (0.0) 1(2.4)

CENTER FOR STRUCTURAL HEART DISEASE Bapat V et al. JACC 20187112_21
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Edwards Sapien M3
Transseptal Delivery

Dock Delivery Valve Delivery Final Implant

SAPIEN M3 Dock SAPIEN M3 Valve

AN

B —

; ?—“.-‘" — =
s /& >
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-
s
.
e T gy | w—
nwi's

e
LN A
D el |

SAPIEN M3 Dock Delivery System Commander Delivery System

ey —f | s

CENTER FOR STRUCTURAL HEART DISEASE Makkar RTCT 2018
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M3 Docking system

CENTER FOR STRUCTURAL HEART DISEASE
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M3
EFS and Canadian data

Primary Endpoint Cgﬂ (('::m )0) Eiz ((rl:ll:;';'s) TOEZ I(ﬂ;l;;lS)
Technical Success 90 (9/10) 88.6 (31/35)
Alive 100 (10/10) 100 (35/35) 100 (45/45)
Successful access, delivery, and 90 (9/10y  91.4 (32/35)*  91.1 (41/45)

retrieval of delivery systems

Deployment of devices in intended position

90 (9/10)* 94.3 (33/35)T  93.3 (42/45)
Freedom from emergency surgery or reintervention 100 (10/10) 97.1 (34/35)*  97.8 (44/45)

related to the device or access procedure

* One patient had an aortic hematoma during encircling and case was aborted

** One patient had separate transseptal punctures for deployment of the docking system and valve; one patient’s left ventricle was too small to
allow for encircling of chordae; one patient had an aortic hematoma during encircling and case was aborted

TSame as latter two cases above with unsuccessful delivery
One patije i

CENTER FOR STRUCTURAL HEART DISEASE Webb JTCVT 2019
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Post-mitral valve surgical failures
Valve-in-valve, valve-in-ring, PVL repair

CENTER FOR STRUCTURAL HEART DISEASE
m) all for you



CT LVOT prediction modeling: 26 S3

CENTER FOR STRUCTURAL HEART DISEASE

60LV/40LA

Valve Position Baseline LVOT surface area|Predicted Neo-LVOT surface
(LV/LA) (mm?) area (mm?)
249. 139.1
26 S3 60/40 49.7 39
- 80/20 234.7 65 4
26 S3 26 S3

80LV/20LA

all for you



Risk of LVOT Obstruction
Intentional Laceration of the Anterior leaflet

CENTER FOR STRUCTURAL HEART DISEASE  Babilarios V et al. JACC Int. 2017;10:798-809.
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High-risk for LVOT obstruction
Pre-emptive alcohol se

"" x;"*” > ‘-.

ptal ablation
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Mitra-Clip
Mitral Valve Repair
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Harpoon: Fast Simple Procedure

CENTER FOR STRUCTURAL HEART DISEASE Gammie J TCT 2017
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TMVR- Functional MR
Baseline Angiography
-

CENTER FOR STRUCTURAL HEART DISEASE .
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TMVR- Degenerative/Functional MR
Tendyne Prosthesis
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Muller, DIWM et al. JACC 2017;69:381-91.
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TMVR- FunCtionaI MR Courtesy of J. Leipsic and P. Blanke
Mitral Annular Segmentation
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