Transseptal Mitral Valve in Valve
Replacement
(TMVR)
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FDA approved SAPIEN 3 for mitral ViV in 2017

NEWS
releases

Edwards SAPIEN 3 Valve Receives FDA Approval For Aortic, Mitral Valve-In-
Valve Procedures

IRVINE, Calif., June 5, 2017 -- Edwards Lifesciences Corporation (NYSE: EW), the global leader in patient-focused
innovations for structural heart disease and critical care monitoring, today announced it has received U.S. Food and Drug
Administration (FDA) approval for aortic and mitral valve-in-valve procedures using the Edwarde €ADIEN 5 trancrathatar
heart valve. The SAPIEN 3 valve is the first transcatheter heart valve approved in the U.S. for th

aortic and mitral patients who are at high risk for a subsequent open-heart surgery to replace 1
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Total 7 cases of TMVR (Valve-in-Valve)

18.10.19 F/83 — TMVR

19.09.11 M/80 — TMVR

Aoz 7|=21E mi

20.12.16 F/77 - TMVR + TAVI SHOHH| 20 212 EF of O 2 X| ALY E

T O [

21.01.27 M/80 - TMVR

« 22.08.03 F/76 - TMVR + TAVI

» 23.09.06 F/85 - TMVR

24.01.11 F/82 - TMVR



Major Steps of Transseptal Transcatheter Mitral Valve Replacement

9 \
~ Transseptal
Catheterization
Patlent Preparation Mltral Valve Crossing
and Room Setting N ‘ and Stiff Wire Placement

TMVR Work-Up

» Mechanisms of mitral
valve disease

« Characterization of the
mitral valve and THV
sizing

» Assessment of the risk
of LVOT obstruction

Follow-Up Care

« Valve thrombosis

« Paravalvular leaks and \ - Positioning and

late migration of prosthesis

Deployment of the THV

» Hemolysis \
« Interatrial shunts Postdeployment Assessment B g% General rule: 20%/80%
* Endocarditis and Management (1trhl(/ventr.icuh:) D

* Position « Slow inflation technique
« Paravalvular leaks and central MR

» Transmitral gradients

» Abnormal leaflets motion

» Interatrial shunts

» LVOT obstruction

» Pericardial effusion and tamponade

Urena, M. et al. J Am Coll Cardiol Intv. 2017;10(19):1905-19.



1st CASE (2018.10.19) - TMVR

* F/83 (140cm/53kg)

* Chief complaint
— Dyspnea

- Medical history
— Severe MS s/p MVR (’16.09 St.Jude Epic tissue valve, 27mm 2|24 2 & &)
— HTN (+), DM(-), Dyslipidemia(+)
— Permanent AF, HF
— Apixaban 2.5mg bid, amlodipine 5mg, bisoprolol 2.5mg, laisx 20mg, spironolactone 12.5mg,
atorvastatin 10mg



1st CASE (2018.10.19) - TMVR

- 2016.09 Severe MS s/p MVR (Epic tissue valve, 27mm 2| @£ d2)

« 2016.10 TTE
— EF 55%, s/p MVR : MVA(PHT=110)=2.0cm2, MeanPG=2.3mmHg, MV calcification, MR(tr)

- 2018.07 NYHA llI-1V dyspnea, pul. edema £ S24 L

- 2018.07 TTE
— EF 59%, s/p MVR : Severe MS (MVA by PHT = 0.8cm2), no paravalvular leak (2| 8 £-°3 &)




CT Cardiac pre-op valve (2018.07)

* MVR state with thick pannus formation around the valve ring
 Thickening of tissue valve leaflet



Transesophageal Echocardiogram (TEE) (2018.07)

DHILIDS SEON I NYEO

2018/07/27 08:23:46AM TIS0.6 MI 0.4
1935/08/18 16894600

DHILIDs SEON I NYEO
1935/08/18 16894600
3D Beats 1

2018/07/27 08:24:53AM TIS0.1 MI 0.3
X7-2tITEE

X7-2tITEE
FR 7Hz

17¢cm

2D

75%

M4
C 48 " ) ‘ I
P Med -~ :

y \_’/JV
‘PAT T: 37.0C 63 bpm

A
PAT T: 37.0C
TEE T: 38.0C

TEE T: 38.0C

e STS Score : 17.6%




Transcatheter Mitral Valve Replacement (TMVR)

CENTRAL ILLUSTRATION: Major Steps of Transseptal Transcatheter Mitral
Valve Replacement

@ -
e ~~ Transseptal
Catheterization 0
Patient Preparation Mitral Valve Crossing
and Room Setting — and Stiff Wire Placement
TMVR Work-Up

» Mechanisms of mitral
valve disease

« Characterization of the
mitral valve and THV
sizing

« Assessment of the risk
of LVOT obstruction

Follow-Up Care

» Valve thrombosis

« Paravalvular leaks and & - : — Positioning and
late migration of prosthesis g = Deployment of the THV

« Hemolysis \
« Interatrial shunts Postdeplo ent Assessment / =
« Endocarditis and Management

* Position

« Paravalvular leaks and central MR

« Transmitral gradients

« Abnormal leaflets motion

« Interatrial shunts

« LVOT obstruction

« Pericardial effusion and tamponade

Urena, M. et al. J Am Coll Cardiol Intv. 2017;10(19):1905-19.




Sizing & Positioning in VIV

Surgical Valve

True ID*

SAPIEN 3 Transcatheter

Heart Valve Size

16.5-19 mm

18.5-22 mm

22-25 mm

25-28.5 mm

Surgical Valve
Features

Aortic Positioning

SAPIEN 3 Valve Positioning Considerations

20 mm
23 mm
26 mm

29 mm

Surgical Valve
Features

=

| -

Mitral Positioning

Ineern.al

Diameter -"'k

SAPIEN 3 Valve Positioning Considerations

Visible stent frame

AAN

Visible outflow
markers only

» o 3

No visible

radiopaque markers

Align the base

of the central
marker 3-5 mm
above the base

of the surgical valve
stent frame

Align the outflow
of the crimped
SAPIEN 3 valve

2 mm above the
surgical valve
outflow markers

Align the base
of the central
marker with
the annular
plane

AR —

B

Final SAPIEN 3 valve implant depth should be targeted no more
than 20% (ventricular) for optimal valve function

Visible stent frame

YV

Visible outflow
markers only

L ]

‘A ~ . l -
> - A
— - ) = 1

L o L]

No visible

- B

radiopaque markers

Align the base of
the central

marker 3-5 mm
below the base
(towards ventricle)
of the surgical valve
stent frame

Align the outflow
of the crimped
SAPIEN 3 valve

2 mm below
(towards ventricle)
the surgical valve
outflow markers

Align the base
of the central
marker with
the annular
plane

than 20% (atrial) for optimal valve function

-
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Final SAPIEN 3 valve implant depth should be targeted no more
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TMVR Work-Up ; LVOT obstruction

Small LVOTI/LV cavity

\

Acute mitral-aorta angle

LVOT obstruction

Bulky calcification of the
subvalvular apparatus

Elongated anterior leaflet

Urena, M. et al. J Am Coll Cardiol Intv. 2017;10(19):1905-19.



TMVR Work-Up ; LVOT obstruction

Geometric obstruction predicted by neoLVOT area <200 mm?




In cases anticipating LVOT obstruction, then LAMPOON

Laceration of the Anterior Mitral leaflet to Prevent Outflow ObtructioN (LAMPOON)




TMVR Work-Up ; Size selection

Biocor / Epic Valve Size

Biocor / Epic, 27

20mm

Stent Internal Diameter 25 10-2mm 7.0mm

9 True ID 225

Height 13

Suggested TAVI Valve Size

Sapien Size Mitral sugical valve EPIC 27mm -> Sapien 3 26mm

Ideal TAVI Valve Deployment




The Challenge: Accessing The Mitral Valve

Transfemora
Transseptal



Transcatheter Mitral Valve Replacement (TMVR)

CENTRAL ILLUSTRATION: Major Steps of Transseptal Transcatheter Mitral
Valve Replacement

e \
e y 4 Transseptal
Catheterization 0
Mitral Valve Crossing
and Room Setting . and Stiff Wire Placement
TMVR Work-Up e\ i \ THV Preparation

* Mechanisms of mitral \ al \ \
valve disease . ] v i) \ \ e
« Characterization of the [§ [ NN \ \

mitral valve and THV | ; \

sizing
« Assessment of the risk |

of LVOT obstruction

Follow-Up Care

» Valve thrombosis

« Paravalvular leaks and g k — Positioning and
late migration of prosthesis e o Deployment of the THV

« Hemolysis \
« Interatrial shunts Postdeplo ent Assessment /
« Endocarditis and Management

« Position

» Paravalvular leaks and central MR

« Transmitral gradients

« Abnormal leaflets motion

« Interatrial shunts

* LVOT obstruction

« Pericardial effusion and tamponade

Urena, M. et al. J Am Coll Cardiol Intv. 2017;10(19):1905-19.




Septal puncture

* Red: MitraClip, paravalvular leak closure (a higher crossing site is recommended for medial
leaks, and a lower crossing site is recommended for lateral leaks; dashed red circles).

: transseptal patent foramen ovale closure.
* Blue: percutaneous left ventricular assist device placement, hemodynamic studies.

»  Green: left atrial appendage closure.

+  Orange: pulmonary vein interventions.



Wire crossing




Safari wire placement

“Rcquisition |

(5. iRa0 510
CAUD  1°







Ballooning of septal puncture site

. X E
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Crossing Septum & Mitral Valve
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Transthroacic Echocardiogram (post TTE) (2018.10)

SEON | NYEO SEOUL ST.MARY’s SEON | NYEO SEOUL ST.MARY’'s HOSPITALM4S Ml 1.2 SEOUL ST.MARY’s HOSPITALM4S Mi 0.8
16894600, 18/08/1935 22/10/2018 14:59:15 16894600, 18/08/1935 22/10/2018 14:59:43 ADM Cardiacl T1S:3.0 11935 22/10/2018 14:57:22 ADM Cardiacl TIS:1.3
.65

MVA = 0.8 -> 2.0 cm2 by PHT
Vmax=1.7 m/s, PGmean=4.8 mmHg, PHT=109.9 ms




2nd CASE (2020.12.16) — TMVR + TAVI

o F/77 (160cm/52kg)

« Chief complaint
* Dyspnea

« Medical history
« Severe MS s/p MVR (11.01 tissue valve Epic 29mm) & LA volume reduction & MAZE
« HTN (+), DM(-), Dyslipidemia(-)
» s/p PCl on RCA (‘06 02| = d 2 &H &)
« PAF with tachy-brady syndrome
« Warfarin 3mg, Valsartan 40mg, Lasix 20mg, amiodarone 100mg




Transthroacic Echocardiogram (TTE) (2020.10)

BA O A? t.Mary's Ho 0dB B 0 AR
20803756 2020 10:44:31 AM . Cardiac / ADULT-ECHO* / 4Vic

BAR MY e a

B ? ry's Ho 0dB 3 2 0 BAK
20803756 12/15/2020 10:44:40 AM , 2 Cardiac / ADULT-ECHO* / 4Vic 2080

O A? oul 0dB 1 1.26 - 1.0
3756 12/15/21 X Cardiac / ADULT-ECHO" / 4Vic

74 fps / 150 mm 0.84 m/s . . : 12 fps /150 mm F’“’S . : 14 fps / R EERImm
57 bpm / NTHI General ™

3 - o 57 bpm / Gen Flow . $ 54 bpm / Gen Flow
145/68 mmHg " 145/68 mmHg

145/68 mmHg

H4.3MHz /5 dB
DR: 55 dB

---Color--- —-Color---

CDV /2.0MHz /s y CDV /2.0MHz
-6 dB - 4 -6dB

114 :0.69 B A? t.Mary's Ho vl 1. -0.9
Cardiac / ADULT.EHo* /41c 20803756 12/15/2020 10:51:05 AM R Cardiac é‘ADU T-ECHO*  4V1c
. . i - \_,//\
Severe MR due to bio-MVR dysfunction (prolapsed ‘ 3 ; :
98 fps / R EEXLEmm 14 fps / R EEESImm
. 55 bpm / NTHI General 55 bpm / Gen Flow
o 145/68 mmHg 145/68 mmHg
bioleaflet) : 2

LVO/3dB
DR: 55 dB

L “ 4 } ”
)9 rmirignlo s

IA.

Severe AS and mild AR, rheumato-degenerative

s

(AVVmax :4.0m/s, Mean PG :36.7,AVA :0.96)

£

LVEF : 67%

)
¥
)

J
g
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2nd CASE (2020.12.16) — TMVR + TAVI

e AVR & Re-do MVR
—= STS score: 9.8%

- TAVI & TMVR

 Simultaneous TAVI and TMVR 1st case in Korea



TAVR & TMVR w/u — TAVI valve size measure

Distance:

IDType Label Value

1 Polygon Annulus Dimensions - Min. @ 19.7 mm
Annulus Dimensions - Max. @ 30.0 mm
Annulus Dimensions - Avg. @ 24.8 mm
Annulus Dimensions - Area derived @ 24.4 mm
Annulus Dimensions - Perimeter derived @ 253 mm
Annulus Dimensions - Area 468.2 mm?
Annulus Dimensions - Perimeter 79.4 mm

[Distance:42310[mm]

Sapien 26mm



TAVR & TMVR w/u — TMVR CT evaluation

Min. diameter : 25.1mm
Max diameter : 27.1mm
Area 542.1 mm2
Perimeter 82.9 mm




TAVR & TMVR w/u — Valve sizing

Biocor / Epic, 29 TAVI Valve Choices For:
Biocor / Epic, 29

Stent ID: 27
Borderline Sizes

Ht:
19 Sapien XT
26/29

QO TruelD 25

S3
26/29*




TAVR & TMVR w/u — Neo-LVOT

Neo-LVOT




TAVR & TMVR w/u = Virtual Valve simulation

~
Annulus Surfa
3D Penme
cted Penmet
Aortic-Mitral Ang

me Rendenng <

Volume Rendenng ’ Phase




TAVR & TMVR w/u = 26mm or 29mm

26mm SAPIEN 3 29mm SAPIEN 3




TAVR & TMVR w/u — Mesure of Neo LVOT

Geometric obstruction predicted by neoLVOT area <200 mm?




Simultaneous TAVI & TMVR

|st case reported in 2017

TAVI first? Or TMVR first!?

If a double-valve transcatheter replacement is indicated ; Regarding the best order,

usually the aortic valve is performed first.

The rationale for this strategy is that, since the aortic and mitral annuli are
contiguous, bridged by the aorto-mitral fibrous curtain, some degree of obstruction

for the new aortic valve deployment can happen if the mitral is treated first



Septal puncture
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Aortic Wire Crossing




TAVI Valve implantation




Post TAVI Aortography & TEE

PHILIPS BAK MYEONG JA MI 0.5 12/16/2020
20803756 SEOUL CMC TIS 0.1 2:33:36 PM

TEE Pat. T: 37.0
X7+2% TEET: 39.0 °C
51 Hz o 71 180

12.0cm

50 mm/s

PHILIPS BAK MYEONG JA MI 0.4 12/16 /2020
20803756 SEOUL CMC TIS 0.7 2:36:01 PM

Pat. T:

50 mm/s

Color
4.0 MHz
Gn 60
4/4/0
Fltr Med




Wire Crossing




TMVR sheath insertion

: B el

S W
R 7/\‘*
20 | y 2% g
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Septal ballooning
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TMVR Valve Insertion




Valve in Valve




Post-procedure Realtime TEE

MI 0.5 12/16/2020
C™MC rs 0.1 2:35:31 PM

PHILIPS BAK MYEONG JA
20803756 SEOUI

TEE Pat. T: 37.0 °C
X7-2t TEE T: 39.0 °C
0 71 180

51 Hz
12.0cm '

2D

Gen

Gn 50

C 48
4/4/0
50 mm/s

Cursor [BOXPosition Box Size

o
O




AV Vmax=4.0-> 2.3m/s, meanPG=36.7-> 11.4mmHg
MR severity: Severe-> Trivial

RVSP=64-> 56mmHg

RV base=44.8-> 40.6mm




Summary 1

« TMVR Work-up to prevent complications (LVOT obstruction , Etc...)

Small LVOTI/LV cavity

>

Acute mitral-aorta angle

LVOT obstruction

Bulky calcification of the
subvalvular apparatus

Elongated anterior leaflet

Urena, M. et al. J Am Coll Cardiol Intv. 2017;10(19):1905-19.



Summary 2

* In double valve intervention, aortic valve 1st is usually recommended




TAVI with TMVR (Evolut + Sapien)

.

Severe & Severe AS
AV Vmax=4m/s

STS score 19.953%

TAVI : svr Epic 19mm -> Evolut PRO 26mm

TMVR : mvr Epic 27mm -
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conclusion

 TMVR (Mitral Valve-in-Valve) is a reasonable alternative for patients with high
surgical risk.
— TMVR in VIV can be done safely with balloon expandable valve
— Relatively safe procedure with careful approach & experienced aorta, mitral interventionist
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