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EEFNZHIR, MD, PhD (1928- )

EREA LRSS FS (ISAO) BRI A I8N —
HAEDALRZRHTED
1980-1983: President of JSAO

1967-1989: University of Tokyo,Professor
1994-1997: Chairman of Medical Section
of Science Council of Japan

1980: 1t human implantation of Tokyo

Univ. VAD at Mitsui Memorial Hosp.

Furuta S, Kyo S, Atsumi K, et al. Artificial Organs 1981;10:657




MGHEEF K5 4R: 1981-82

Avco Everett Research Laboratory
® 1955 A. Kantrowitz §%3L
® TABP AVCO 7,10

® Avco cardiac assist program
Fully Implantable TAH 0D B%

TAH Project=AbioMedft

(Lederman: Chair of med. research committee)

AbioCor Human Trial

(2001578 ~200355A)

Robert Kung David Lederman
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Extracorporeal VAD (1980~)

1stgeneration
Implantable L VAD
(1990~)
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2nd 3rd generation
Implantable LVAD
(2000~)
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HEABLVADBRRIE(EFE - BARE - TLEHIE)

Primary LVAD

BTB (Bridge to Bridge)

25 MOBANRE

(75~79%)




HeartMate Il in Japan

Only BTT Indication (4/1/2013 - 10/31/2020)
From Nipro’s Device Tracking Information

041
mplantations
Days of Support Average 935

days,
Max 2508 days

BSA Average 1.65m? 1 Year: 95.1%
(126 - 218 2 Years: 92.5%

Age at Average 45

3/’ centers

Implantation (13-66) 3 Years: 90.8%
o = 4 Years: 88.2%
5 Years: 86.3%

Transplanted 152
Pump Exchange 92
Pump Explanted 66

Expiration 60




Novacor carried serious problems in Insurance Reimbursement Rule

it
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M AAR LVAS ORERE A :
J N3 T IRERME R DR & AR D E

20045F (H16) SRiSWRTTHRER
20065F (H18) H#EHR

NovacorDHRIC K Y BATIEBTT(E
H3 2 ABLVADHELS 1> 7=,

BEERMKRZOEDENR EER)
Department of Cardiovascular Surgery, Saitama Medical School
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Kyo Shunei

Cardiovascular Med-Surg 2005;7(2):279-283
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NOPRO VAD Training Program for

NewYork-Presbyterian
The University Hospital of Columbia and Cornell

(2008.10.1-10.2)
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NIPRO LVADTraining for NewYork-Presbyterian
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Advanced therapy
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DI HE
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Stage

C

NYHA class |

HTx status

1

vV
(ambulatory)

INTERMACS Profile |TIEIIEDIED 3 m

GDMT

CRT (CLBBB/RVP) [|[|]]
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mvp (R)/mirraClip (FrR) ||| R
omr) | ] E—

Implantable LVAD HHH

01

Il

Temporary MCS | [T
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INTERMACS 5 —_ s
ﬂ KA F I AREIR
J-MACS
B | pmomon it
inotropic | 2= 2COB | ym@m e,
support tﬁﬁgbﬁéi’?%’ AT—TIL),
2 "Sliding on j'.)mlﬁﬂ;ﬁ\i% W%ﬁﬁmﬁ
inotropes" BLODO®Y, & iR
et | R PEEER | o RIvAD
RARORS | Bucsnai | PTRRDVAD,
Stable but m{TEHRE (L # IF
inotrope- SNTWWBHDD,
dependent MmEIET, OF
"Dependent SERDISE,
I —
3 stability %*ggggffi% HEAEILVAD
T HIERETIEH
gﬁ;};&# BLONDEIH
iDEZEPIETE
FRUVRRE

2E-EBELF2ZRAFI12 (201 7FWETR)RE

MCSEREBF THRN SN =DDFLBEFTOEET#E

b IESHY, | BERIDIELL,
n (%) n (%)
ST 2 RITRE 6 (20.7) 14 (82.4)
HEHFRIARE 23 (79.3) 3(17.6)

HAFE BT —[ELRRET AT EE
BRITERTABE 120BLLRICVADE=IEFE T

Fujino, Kinugawa et al. Circ J 2014
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FERMIDEICTIEKTFELTOEWETE DA ZE (profile 4-6) [2XF AMCSAE

INTERMACS

» T RE  FSARER
Resting —gﬂ'{":ﬁﬁigﬁ
symptoms 10> ZE NS Bl B | o
Frequent | BETHUBBITE | o
4 | flyer" H5H0OD, IHDF=E (4%'_ difi
ORBI s | Lot
ZHEER | BICEARZREY =
g RN
Exertion BODEYDZ & “1 F
intolerant B5R e THH E%EL\IADE
5 |"House-bound" | D ) B &F 4 5F (4%'_ difi
wE s | BROEE T/ gy
BEAFHE PR AR AE ADIZE)
Exertion o
limited ﬁ?ﬁﬁﬁiﬁ,ﬁff HEA B LVADE
"Walking s o | #&Ed
6 ; [XEREET100 mig - e
wounded P . | (¥ [ modifier
EXY3 E@ﬁ’ﬁ’?ﬁ’lﬁ B A,
Br . |mErage | AORS)
A REAKGE -

S BEDTFEEEAIRTL42 (201 7FHETRR)

MCSEREB THRN SN =D FLBEFTOEET#E

HERORESDY, | ERDIREGL,

n (%) n (%)
ST % RITE 6 (20.7) 14 (82.4)
BEHTRABRH 23 (79.3) 3(17.6)

HAFE& BT —ELRRET AT EE
BRITERABRE  120BLLIRICVADE=IEFET

Fujino, Kinugawa et al. Circ J 2014
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ROADMAP study

profile 4 sub-analysis REVIVAL study
As treated on original therapy
LVAD P7
P6
O ‘
A
Medjcal

Shah et al. JHLT 2017 Kittelson et al. JHLT 2019

Profile 4IZHBWLNTARFIAEE(TTIX1 R DVAD-free survivall&50~60%




Modifier A (ICD#E[B]5E IE {EEh)

45y 53y & 47y & 60y N 30y &
&S DCM DCM DCM DCM DCM
Profile 6A 5A 3A 3 6A
Dd /Ds, EF 75/64 mm, 78/69 mm, 72/67 mm, 68/63 mm, 76/70 mm,
! 28% 14% 19% 16% 17%
BNP 932 pg/mL 924 pg/mlL 1791 pg/mL | 832 pg/mlL 1628 pg/ml
Sotalol 80 mg | Sotalol 80 mg Aot Aot Pt
|||E¥ﬁ$¥ﬂm§ Amiodarone Amiodarone miocarons mocerons miogarone
100 mg 100 mg 200 mg
150 mg 100 mg
TR Sudden death | VT storm VT storm Sudden death | Sudden death
LI by VT storm — LVAD — LVAD by VT storm by VT storm

Imamura, Kinugawa et al. J Artif Organs 2012

MOdiﬁel‘ A(ij’-&TBNP>74O pg/mL (Imamura T et |. Circ J 2014)



What are the risk factors for VAs How VAs after LVAD implantation affect
after LVAD implantation? patients’ prognosis?

Table 2  Multivariate analysis: Predictors of VTA in patients with LVAD

Variable HR 95% (I P
Prior VTA 3.06 1.57-5.96 .001 — VA (-)
Atrial fibrillation 3.13 1.60-6.11 .008

— VA (+)

Yoruk A, et al. Heart Rhythm 2016

|ICD saves LVAD patients’ lives?

Agrawal S, et al. Int J Cardiol 2016



BERMTICHTSH“ NEED HELP”

IV inotropes

NYHA llIB/IV or persistently elevated natriuretic peptides
End-organ dysfunction (Cr > 1.8 mg/dL or BUN > 43 mg/dL)
Ejection fraction < 35%

Defibrillator shocks

Hospitalizations > 1

Edema (or elevated PA pressure) despite escalating diuretics
Low blood pressure, high heart rate

Prognostic medication — progressive intolerance or down-titration GDMT

Additional patient considerations for referral:

CRT non-responder
* Physical activity limited or impaired quality of life

Reference: 1. 2017 ACC Expert Consensus Decision Pathway for Optimization of Heart Failure Treatment: Answers to 10 Pivotal Issues About Heart Failure With Reduced Ejection Fraction: A Report of the American
College of Cardiology Task Force on Expert Consensus Decision Pathways. Yancy CW, Januzzi JL Jr, Allen LA, Butler J, Davis LL, Fonarow GC, et al. J Am Coll Cardiol. 2018 Jan 16;71(2):201-230.
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INTERMACS profile 2-4(65m L LEDIZE . profile 2[XERS} *)

J-HeartMate Risk Score (J-HMRS) EIHHIETICEL TS E LTS

Filip 65 LA LT MITENRE - thf A tBE - F IR E - S B EE L EZ KVIEEICERT S
PIELEBER oM ARREDORBICEKDYR—FRA BG4S 7 X /\—D 32 E(6h

NEYR—F BUBLTT7EXN—FE AW —ERIZEINEOHGEN R EETHIZENE
ZFLLY)
65 LLEDIZE . TEIIZMMSE24 B EL EMNDTMT-B300F LI F CHACLETERT
B(MMSEETMT-BD B R RATDEY ) *

B2 EHEeH 65 R BN IGE (I MBIIZHEAA B THIET T %, LWThDIFEEL. BEEHIC+ 49
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HETS

BRMERICH I HHEAR BELRENDTORKMERICOVTERARE - KFELXL TS L




Survival (%)

HMII Risk Score — Age 265

J-MACS EHEFLVAD INTERMACS EHEFRLVAD

Risk Medium High
Score BRANsel 1.58-2.48 & 2]

___________ Cowger J, et al. JACC 2013

-
\_‘.
b IS,
- -
_____

J-HMRS= 0.0274 x Age — 0.723 x Alb (g/dL)
+ 0.74 x Cre (mg/dL) + 1.136 x INR + 0.807

P (log-rank) < 0.001
(log-rank) x (0 or 1) (center volume: 3 implants/2 years)

I I I |
6 12 18 24

Time (Months)

J-HMRS=1.58DETILH—X
685%, Alb 3.5, INR 1.0, Cre 1.5(profile 340)

_\\

J-HMRS=2.48DETILH—R

47 &%, Alb 3.0, INR 1.0, Cre 3.0(profile 248 FE TOK)



HEA R LVADTITEITMT-BEHEBE L —=2 T AMAEDFEEE  HEIA B LVADTITBIMMSED 43 7R

(BTT, 3 KJAEBE) (BTT, EKJAEBE)
> TMT-BD#ER LT R D ES DR E M TMT-B Cut off{&

3IE'DJJ: AN = N7 t4a H_Ej =

Cut of i 7 s | mtmem  201CE 83.9 23.7

e 63.6% 301CEE 90.1 25.3
Cut off{& (g gf=ald .

e 17 85 83 3% 401K E¥ 121.2 48.6

% i 4 b 501X Ef 150.2 51.3

29.1% 95.5% 601’t£¥ 216.2 84.7

65 Ll EDIZFEH YA D{EIT300F)

AybAJEZFEE+15DET S

MMSE<24ZFhYbAD{ELT B
Z D77 NBRMMSE<24FET=[ETMT-B
AYbATELLEAS5 A (6%)

By the courtesy of Koichi Kashiwa
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c o ARBOEBHRM(BICAKRICESIZHEFEOADIES)
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NIPRO VAS(IB-TOYOBO VAS)

v 1980F R : EERSBRE V¥ —THE=/AER
v 19904 : BLEERFEREE = RIFHHEE - Bt
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v 2011 . Z—7J0OCHEE - lRFEHEN TS (NIPRO VAS)



. NIPRO VASOE AiE &
mn;
7y

*E@J/}lbﬂ_\ -~/ 7

Pulsatile pump
IERIE— % =5

I % =

Het
x

BAT TS L




REGTREFEE

vV Ao mERYT =) (KRB EIVADAS DN T
v REREREEE NBERBETERLY !



TOYOBO VASOOEZE - ‘BER DS AETHIE (19994F) K YHI
=T0YOBO VASIXILMERfEFHORAFEARAIEE L TWWaEho1:




A B VADFF X DAL R E R VAD
VI2OTE (DTS HE S e B ~HE A B VAD AR R E S

$

v RS EZERIVAD (NIPRO VAS) (300 A8 fiEE i & #l
EDRMEEELDAECEELFAERAMEEICHL

TARRKOFE R HEAE)

FHEnTls

1583

EiRETY | REBERKRE
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« BIR: Bridge to Recovery

« BID: Bridge to Decision
« BIC: Bridge to Candidacy
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1= IME Dpre—clotting
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1= M E Dpre—clotting
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1= M E Dpre—clotting
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5 B F TR I 2RI BE L A0 9 LV Gore—Tex sheet

v NIPRO VASEBEBENEFRIRT S
E=OICIEBT BFMHANE
v 200 X 150 X 0.1 mm@) Gore—Tex sheet
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Berlin Heart EXCOR Pediatric®
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Berlin Heart EXCOR Pediatric®
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Berlin Heart EXCOR Pediatric®
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Berlin Heart EXCOR® [E PNRER24

- JEI%% 84 (2021/4/13R7%)
« DCM 68 (non-compaction 6) / RCM 6

/ CHD 7 / Other 3

« SE(RE 9.2kg FHYEHS 10108 (FE&sPR{E 462H)

« LVAD 81 (96%) / BiVAD 3 (4%)
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Berlin Heart
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Berlin Heart
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Nguyen K. J Thorac Cardiovasc Surg. 2011;142:223-4.
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Open-vane type centrifugal pump

Unique flat HQ curves
* Flow auto regulated (flow responsive)
* High peak flow
- Augments pulsatility
- Lower the risk of Al in long-term use

CFD-based open-vane design
* Excellent blood wash out

* Superior anti-thrombogenicity

* Eliminates high shear stress

- Lower hemolysis
- Lower vVWF degradation

Sturdy & proprietary sealed shaft
* Durable (no failure on bench test >8 yrs),

* Reliable (no pump mechanical failure in clinical
use, >10 yrs)



Clinical VAD Pressure-Flow Curve Characteristics

HVAD
HM 3

EVAHEART

The “flatter” the curve, the more physiologically responsive. |



EVAHEART®2: less attenuation of aortic pulsatility

1oor1, EVAHEART Aortic Pressure

diastolel systole
® ™
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< £ systolel \/\\/\\
> £
-

) !

O D ) OFH]

Pump@lowHdL/min)a

1001 LVAD with Steep HQ Curve Aortic Pressure
diastolel
= systole
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Carlo Bartoli, et.al. Ann Thorac Surg. 2017 Apr;103(4):1239-1244.

S~ \

Evaheart Control
(Axial flow)



Rashad Zayat, et. al. J Thorac Cardiovascular Surg 2019; 157:591-9
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Blood stagnation around the inflow cannula

(Research performed at San Diego State Univ.)

\

stagnation

Short (10mm) Middle (20mm) Long (30mm)




Improved intra-ventricular washout flow

(Research performed by Karen-Newman, San Diego State Univ.)

DCT tipless inflow Control (with tip)

Mid diastole

Mid systole
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Patient background

EVAHEART"! J-MACS™
4%1% 13% 4% 1% 9%
W Level 1l
m Level 2
37% M Level 3

40% m Level 4

m Level 5

46%
45% ‘

More sick (Level 1& 2) and biventricular failure cases

% 1:[From J-MACS dates]

% 2: J-MACS Statistical Report (June 2010 — April 2020): September 2020
24


http://www.evaheart-usa.com/
http://www.yoshizawa.ecei.tohoku.ac.jp/index.php?plugin=attach&refer=Research/2012/AdvancedMedicalEquipment/ArtificialHeart&openfile=EVAHEART.png

Distribution of VAD support time

< 6 months 30
6 mo-1 year 25
1 -2 years 35
2 years™ 143

total 233 patients

(12.9%)
(10.7%)
(15.0%)
(61.4%)

*Longest case: 10.6 years


http://www.evaheart-usa.com/

Survival (3-year Kaplan-Meier survival (N=196)

100% -

EVAHEART

+%

75% -

“INTERMACS (n=28,116,deaths=4697)

Survival rate (%)

3
5N
1

93.0% 75.3%
; s a s ; s ;

Support time (year)

0% -

Rate(%)/Num. at Risk

100.0 93.0 88.7 84.1 81.9 76.9 75.4
— 233 202 178 158 140 115 84
0 05 1 15 2 25 3
Support time (year)

Median support time: 909 days 26



Risk Free (%)

Disabling stroke: Event Freedom Curve

* (2 B IR RN > D BE A O A REB X BRAS

100% -
FRX Ay a

80% -

60%- FERAY

40% -

20% - p=049

0% -

0 180 360 540 720 900 1080 1260 1440 1620 1800 1980 2160
Support time (day)

Num. at Risk

Cannule=GU10 84 78 70 59 57 46 34 22 (| 8 4 3 3
Cannule=GU100 27 18 15 9 5 0 0 0 0 0 0 0 0
Cannule=GU30 60 53 45 45 43 42 29 18 16 12 5 2 1

0 180 360 540 720 900 1080 1260 1440 1620 1800 1980 2160
Support time (day)

27



Driveline Infection: Event Freedom Curve
Old vs. New

Risk Free (%)

100% ~

80% -

60% -
40% -
20% - p=0.015
0% -
0 05 1
Num. at Risk
Pump=EVA1 151 121 95
Pump=EVA2 63 42 31
0 05 1

15
Support time (day)

77
22

1.5
Support time (day)

57
18

25

45
11

25

34

32



Survival Rate (%)

100% -

75% —

50% —

25% -~

0% —

EVAHEART survival rate in China
n=21 (clinical trial + post approved) 2021.9

_I e o  l o

|

ly 95.2%

2y 88.4%

3y 81.1%
0 90 180 270 360 450 540 630

Support time (day)
Rate(%)/Num. at Risk

100.0 95.2 95.2 95.2 952 95.2 952 88.4
21 19 18 18 16 16 15 13
o] 90 180 270 360 450 540 630

Support time (day)

720

88.4
13

720

900 990

81.1 81.1
11 9
900 990

1080

81.1

1080



EVAHEART 2 COMPETENCE Trial: US Study Protocol

Prospective Multi-Center Randomized Study for Evaluating the EVAHEART® 2
Left Ventricular Assist System

Primary endpoint: survival free of disabling stroke, severe RVF.
Secondary endpoint: GIB

HM 3

2020. 12 start
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EVAHEART Pump Speed Modulation (PSM)

Unsynchronized speed modulation
Intend to open the aortic valve by temporary speed drop

Unsynchronized pulse mode available
FDA approved for COMPETENCE trial

Baseline pump speed Retuned to baseline

e L] L]

speed drop speed drop

Let AV open
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AE—RORE

Speed Pump speed Flow
setting (RPHN) (L/min)

1 8000 1-2
Z 9000 Z-4
3 10000 3-5
4 11000 4-6
> 12000 -1




ERARNORT

Speed Power
setting

I 3-4

2 4-5

3 5-6-1

4 1-8-9
, 5 3-9-10
HRICAhETARLSS
o 13 WMHaFL 23 .13 1B KAR. ANTUES

o 13 OF72hRfILIEHRE. iRRBNIFINALZTRLST
o T OF72NhRAIVEIRE, RBRBRNIEINATZTLET






ILS (intermittent low-speed Mode)
« 04FH 1 7 ILICSHRIFRARBICK 2%
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Echocardiogram

Speed setting 3 Speed setting 2
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Head CT scan to ensure adequate (6mm) of cortical
bone thickness in outer part of temporo/parietal area.

@ The screws are 7 mm in lenght...

Chose flat area moving higher
and posterior in the region;
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Patients Characteristics
N

Japan (n=83)"

Chiba University Hospital (n=24)
Age

40.7 = 16.7 457 £12.3
Female, n (%) 44 (53%) 4 (17%)
Ischemic etiology, n (%) 8 (10%) 4 (17%)
BSA, m* 1.5 % 0.4 1.71£0.21
Echocardiography (preoperative)
LVDD, mm 64 £ 15 71 £ 11
LVDS, mm 57 £ 15 65 = 11
LVEF, % 12+ 8 197
Hemodynamics (preoperative)
RAP, mmHg 8 X4 13x7
PCWP, mmHg 199 28+13
Cl, L/min/m? 2.1+ 06 1.98+0.66

1) Kohno et al. J Heart Lung Transplant 2018 (includes patients in Chiba University Hospital)

T. lwahana et al. presented at JCS 2019



T. lwahana et al. presented at JCS 2019



T. lwahana et al. presented at JCS 2019



T. Iwahana et al. presented at JCS 2019
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200

3(1.5)
19(9.5)
24(12.0)
37(18.5)
45(22.5)
34(17.0)
38(19.0)
0(0.0)
200

A

He =2

=

=(1)

56(45.5)
67(54.5)
123

1(0.8)
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123
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0~ 14
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200
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EFR

H ¥R
A FEEAER
BTT.”BTB
1.0 + {TH9Y - BERETHEIZLVADIRER
Logrank#&E p=0.0119
0.8 ' h

0.4 4=

BIT BTB

908  96% 92%

0.2- 1808 92% 88%
3608 89% 79%

1208 88% 12%

0.0 — BIB —— BIT
0 180 360 540 7120 900 1080 1260 1440 1620 1800
HEAAEBE
ZERICHITHY RS &M (Patients at risk(AN))
BTB 17 60 52 46 41 30 22 15 10 3 3
BTT 123 108 101 97 01 717 70 57 44 25 16
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BTT.BTB

1.0

0.8

0.6

FERLEEE

0.4 se4ma
BTT BITB
908 88% 89%
0.2 1808 82% 87%
3608 73% 81%
7208  66% 72%
0.0 —— BIB —— BIT

0 180 360 540 7120 900 1080
HEAAEBE
ZERICHITHY RS &M (Patients at risk(AN))

BTB 11 o6 44 40 33 24 16

BIT 123 96 19 12 66 %4 46

+ 3 THY1Y - =R THE-IILVADIREH
Logrank#E p=0. 5090

1260

11

34

1440 1620 1800

26 16 10
24



BTT./BTB
1.0 + ITEYIY : HEERTHE-(ELVADIRER
Logrank#&E p=0.5943

0.8

0.6

FERLEEE

0.4 Frmama
BIT BTB L
008  81% 78%
0.2 1808 68% 64%
3608 61% 58%
7208 52%  44%

0.0 — BIB —— BIT
0 180 360 540 7120 900 1080 1260 1440 1620 1800
HEAAEBE
ZERICHITHY RS &M (Patients at risk(AN))
BTB 17 41 33 29 20 13 8 5 4 2 2
BTT 123 77 66 59 51 35 30 24 18 9 6

25
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BTT./BTB

1.0 + 1159Y - BERTHELIILVADIREH

0.8

0.6

FERLEEE

0.4 se4ma
BTT BITB
0B  75% 76%
0.2 1808 69% 71%
3608 64% 56%
7208  58% 55%

0.0 — BIB —— BIT
0 180 360 540 7120 900 1080
HEAAEBE
ZERICHITHY RS &M (Patients at risk(AN))
BTB 17 50 38 32 29 21 14
BTT 123 81 70 63 57 47 42

Logrank#&E p=0.8730

1260 1440 1620 1800

32 2] 16 11
26



A=Hm
BTT.BTB

1.0 + ITEYIY : HEERTHE-(ELVADIRER
Logrank#&E p=0. 4495

0.8

0.4 se4ma
BTT BITB
Q0B  79% 74%
0.2 1808 76% 70%
3608 71% 68%
7208 64% 59%
0.0 —— BIB —— BIT

FERLEEE

0 180 360 540 720 900 1080 1260 1440 1620 1800
HEAAEBE
ZHAIZHITHY R EH (Patients at risk(A))

BTB 11 45 40 33 28 18 14 9 8 3 3

BIT 123 83 14 68 60 49 44 38 2] 14 11
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Freedom from aortic insufficiency (Al) after implantation

Can the intermittent low-speed function of left ventricular assist device prevent aortic insufficiency?
Hiroki Kohno, et al. Journal of Artificial Organs volume 24, pages191-198 (2021)
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Risk factor of Al after LVAD <Jarvik2000>
I N Y = P

<preoperative data>

Age 51.6£6.3 39.9+£135 0.044
BSA(m?) 1.7£0.2 1.8£0.2 0.257
EF(%) 18.5+6.0 15.5+4.0 0.188
LVDd(mm) 64.1+7.2 71.5+t11.6 0.139
LVDs(mm) 58.7%7.5 66.3*£10.6 0.103
PCWP(mmHg) 24.5+8.4 27.9%£6.9 0.384
CVP(mmHg) 14.8+£8.5 13.1£7.1 0.631
CVP/PCWP 0.7£0.3 0.5%£0.3 0.088
CI(l/m2) 1.4£0.9 1.9£0.6 0.759
RVSWI(g - g/m?) 5.1£3.4 6.3+3.6 0.544
<post operative data>

Ao valve opening 100% 93% 0.508
AV opening only on ILS 85% 26% 0.008

XILS: intermittent low speed



Jarvik2000 Fridfksets 1k (2019, 9~)
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HeartMate I

iR RAR T GEGR
BREEFZA4TZ4> (8mm)
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GRE{ERAER: 8,000~10,000rpm)
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HeartMate || DR T &

Textured surface
Sealed Outflow graft (14mm)

—IJLREMmMYT STk

Inflow conduit (20mm)

a5 aA vk
Bend relief
RURYY—2
I)l/l \ l—'—:
E—4—a1)L
Driveline (8mm) Blood pump
FS14T54> (&F#&63mL, EE 2819)

migR T
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Over 27,000 patients have been implanted

with the HeartMate |[I™ LVAD*

 More than 7,600 patients receiving ongoing support*
« Many patients have been supported for more than 5 years, and some for more than 10 years.

Years of Support (Cumulative)

>1 year 16,491

>6 years - 2,204

>7 years - 1,269

>8 years . 656

>9 years I 310
I

129

>10 years

The above numbers are cumulative. Patients with a duration of > 2 years are included in the number of patients > 1 year.

*Based on clinical and device tracking data as of April 2019
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B AR (ZH (T 51 B 12 4iE 1A A 5E Bl cammznzo

# Implant Center [n] SE e ER 37
# Implant Unit [n] HE A 7 34 646
Patient Characteristics
Age at Implant *Avg (min-max) Fin 45.3 (13 - 68)
BSA [mZ2] *Avg (min-max) AERmEHE 1.65 (1.23 - 2.47)
(Drsgi)on Support (Days) *Avg B B 5 1,041 (Max 2,508)
BTT Indication [n] BTTYEH%4 645
DT Indication [n] DTHEBI 2K 1
Status [n]
Ongoing fHBI R 217
Transplanted FEHERE 184
Pump Exchange R TR LT 99
Pump Explanted R TR EST 85
Expiration SETC 76




HeartMatell Survival

1 year
2 years
3 years
4 years
5 years

94.3%
91.7%
90.4%
86.9%
84.2%

FE27LmEB AL OIEME 1—X 2021.12.18 @TWMC

*Data represents implants during 2013/4-2021/10 based on Nipro/Abbott Device Tracking Data as of 2021/11/12

**Clinical Trial patients are excluded
***KM curve represents device-based survival, not patient-based
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Pump Exchange R TR IER N %
DriveLine Issue KSA4TSA4b5T )L 51 54%
Infection R 9 10%
Pump Thrombosis T AME 31 33%
Others Z Dt 3 3%

Pump Explant R TEERR DI N %
DriveLine Issue FSAT34 5T 20 25%
Infection % i 26 32%
Pump Thrombosis R 7AMmiE 20 25%
Recovery N EHER 14 17%
Others Z D1t 1 1%

Expiration SETCIEE N %
Hemorrhagic Stroke H o 4 A in B [ 28 38%
Infection R 9 12%
Ischemic Stroke EERNDEES 9 12%
Arrhythmia ~EKk 3 4%
Heart Failure ILDAE 3 4%
Hypoxia KRS RIE 3 4%
Right Heart Failure HDLAFE 3 4%
Abdominal Ischemia 1% & e I 2 3%
Multi Organ Failure Zigs T £ 2 3%
Respiratory Failure R E 2 3%
Brain Herniation IXANIILZ=TF 1 1%
Epidural Hematoma [EEERANITET 1 1%
Low Cardiac Output Syndrome KO EEEEE 1 1%
Other Z Dtk 6 8%




FE27LmEB AL OIEME 1—X 2021.12.18 @TWMC

EAAFROBZEL

2. Inlet cannula parallel to septum

1. Pump pocket inferiorly deep

3. Qutflow graft
avoids RV
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2021 £ 3 A 27 BH1T

2021FeqEThiR

Patients with Advanced Heart Failure

HAXfERGZR HAOREIDENZR HAEENZR HENEARNZRERAA 512

SELZICHT SIBARBEA TOREDA RS/

JCS/JSCVS/JATS/JSVS 2021 Guideline on Implantable Left Ventricular Assist Device for

T 8 & HE

® ZEENFESR @ FEARMAZZESE
@ FELGRF (HMmE-RME-HFFX) ©@ Fm

Q HEMAEIEE (RNAESE, i) B BHERES
@ KREHIm A REfE S
® DAREECRATLEE. ADLDFE) ® FRArE

® IDETEE FRHES

@ FEIRGLEHE. D= @ RZEER
DERITE HILE S HHE
© sMmE KREREET - RBKA
JEHP AR R R D ENAR M AT ZEAE
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NSAT A4 MR

FSAT 34 RIGERD
RAESE oD IERE

hfE{E 5 cm (0-14 cm)

ISHIEEM $£710 B ARWESNRFRFTES

ASAIO Journal, 2020,66:381-387
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N — 3 — ~ DI
KSA DS54 iR
Percutaneous Lead Dysfunction in the HeartMate 11

Left Ventricular Assist Device

Dimitri Kalavrouziotis, MD, MS, Michael Z. Tong, MD, Randall C. Starling, MD, MPH,
Alex Massielloo MEBME, Edward Soltesz, MD, Nicholas G. Smedira, MD,
Robert Fryc, BS, Gerald Heatley, MS, David J. Farrar, PhD, and Nader Moazami, MD

Departments of Thoracic and Cardiovascular Surgery, Cardiovascular Medicine, and Biomedical Engineering, Cleveland Clinic, Ohio,
and Thoratec Corporation, Pleasanton, California
(Ann Thorac Surg 2014;97:1373-8)

BAERBEIOHRR
184 A TH2.2% D EHEIC
FSATSAVDFRESE
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RO TR EHTIMTOR T

ASAIO Journal 2017; 63:414-418.

— @
Q Q HMIIZ5% L THM3% 455
(FITRBIARED : BN TEEEShELY)

FRATCHALRBEBDEHKE TAKEZXIT T
HEOLUFEFER

DD ER 5 1L F TEMTES

QOEPET—ELT - AXRTLTRETS

DY SERCE:D

J Card Surg. 2019;34:47-49.
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HeartMate 3> X5 @Rk aa

System Controller

Pump

Modular Cable
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HeartMate 3OERENRIE : SN

ROTADMGREFERS T

TEHSUZLEEBOLRID, MR TXE— ROSERRQRZELH E]
Hb Cl:.j-d\j to
R T EIER#[rpm]
° 7|'\/7 I*.Ia)mluu. ?lfﬁnﬂ’&'_n Fsi20008 N =
(g-c_t‘:.b‘_.[ t’&%o FS --—-Y-F-- %k\
m].lllbmﬂhi((- u:ﬁ( ?‘2% FS-2000 |, Li%: __________________________
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HeartMate 3 LVADIC KD FREDE UL \N=E

w7 AU CHTDOERBHED2F L7 & (FFRFDRIE

B HeartMate 3 LVAD (2018)?

b
E7F3% (2009 ~ 2015)

: 82%

DB 2

83%

Heart Transplant’”

82%

HeartMate Il LVAD (2018)?
76%

HeartMate Il LVAD (2017)3
68%

ERADARLGEE (2017)
41%

HeartMate™ XVE (2009)>
24%



» HEARTMATE 3 LVAD with FULL MAGLEV Flow Technology

MOMENTUM 3 KHEAENEFEEREIVERFS SR




MOMENTUM 3 £HA#BAfinal report: NEJM 2019

Mehra MR, Uriel N, Naka Y, et al. Fully Magnetically Levitated Left Ventricular Assist Device- Final Report. N EnglJ Med. 2019;380(17):1618-1627.







Characteristic

Age (years)

Intended Goal of Pump Support - number (%)
Bridge to transplantation (BTT)
Bridge to candidacy for transplantation
Destination therapy

INTERMACS profile — number (%)
1
2
3
4
5-7 or not provided
Concomitant medication or intervention — no (%)
Intravenous inotropes
Diuretic
ACE inhibitor or Angiotensin receptor antagonist
Beta blocker
CRT/CRT-D
ICD/CRT-D
IABP

MOMENTUM 3 LT Cohort

HeartMate 3™ LVAD

(n=516)

59+12

113 (21.9)
86 (16.7)
317 (61.4)

11 (2.1)
156 (30.2)
272 (52.7)
67 (13.0)

10 (1.9)

445 (86.2)
436 (84.5)
158 (30.6)
284 (55.0)
188 (36.4)
352 (68.2)
64 (12.4)

HeartMate II™ LVAD

(n=512)

60 +12

121 (23.6)
81 (15.8)
310 (60.5)

18 (3.5)
146 (28.5)
251 (49.0)
82 (16.0)

2 (2.9)

423 (82.6)
465 (90.8)
173 (33.8)
273 (53.3)
157 (30.7)
382 (74.6)
79 (15.4)




Primary and principal secondary endpoints




LR (Per protocol)

®HeartMate 3 LVAD

® HeartMate Il LVAD
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®HeartMate 3 LVAD

® HeartMate Il LVAD




(2019/6/1- 2021/10/31)

HAR(CH I FDBHeartMate 3E&

HeartMatell HeartMate3 Total
HEIA A B R L 37 34 42
TEIAF R > T4 646 285 931
BEER
HEIA A BFERT  (min-max) 45.3 (13 - 68) 46.1 (9 - 70) 45.5 (9 - 70)
ﬁ:/%%@ﬁ[mq (min-max) 1.65(1.23-2.47) | 1.67(0.89-2.37) | 1.66(0.89 - 2.47)
/@ﬂjﬁi@ H%Z  (max) 1,041 (Max 2,508) | 414 (Max 893) 852 (Max 2,508)
/ BTT [n] 645 270 915
DT [n] 1 15 16
#R)% [n]
& Bh AT 217 260 477
D gz B 184 2 186
Ry 7R 99 3 102
R 7R 85 5 90
FET 76 15 91




HeartMate3 in Japan : fEIAFHEE
(2021/3/311R7E)

S

REC 3 | 100%
REC 1 | 25%
Y A== G 3 | 75%
HeartMate 3 Survival R0 4 | 27%
1 year 95.2% f’f&ﬁxé 3| 20%
o b1 2E 2 | 13%
2 years 92.6% EEE 5 7
Aixi H I 1 7%
R 3= X E 1 7%
I2Ne 1 7%
Z D 2 13%




BTTHES (467%, BB14)

DCM + mild-mod AR + severe TR + Paf
(HT: 181 cm, WT: 68 kg, BSA: 1.87 m?)

v X-6 £ IDHEBEIR T ZE22H(CDCM EEZaN., EY)E ARG
F6H BUMNHMEE (LvDd 63, EF 21%, mod AR, mod TR)
ZEYEEZmb I 6. FERFOSEIRMEATE DESBIRNSEF
FOR ABRENMEZITAE. OS5I AKEFERD
CPXT: peak VO, 12.0, AT 8.8, VE/VCO, 45
A:100:J35: RA 8, PAP 40/20/25, PCWP 20, CO/I (T) 3.42/1.79
 ITEREAN(C. DCMPB KUZERTE




BP 88/60 mmHg, PR 75 bpm, arrhythmia +
DOB 1.5 mics

WBC 7400, Hb 15.0, PLT 18.2
Alb 3.6, AST 28, ALT 14, T.Bil 1.6, BUN 17.5, Crea 0.85
Na 133, BNP 2951

LVDd/Ds 62/56 mm, EF 17%
Mild AR, moderate MR, severe TR



> I AZ(CETSIRR
> 3N A CTHIZER
> IRFEZ23 0B B AR UL

WA A1 165
LVDd/Ds 43/37 mm, EF 30%
No AR, tirival MR, trivial TR

BNPDH#EFS

3500
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2500
2000
1500
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500

HM3 implant, AVR, TAP
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DTHAE (597%, &%)

X-12 & £RAMEOAEEEHR T (EF31%) . HL5RELLANAE a2k

X-9 £ ¥

o, LAE AR (DA 74mm, EF 28%). (OZE5EH+

18 EUERG 2O OARER, D705 I AKFIRRS

B ODAZE (X 9 DiaEReT B (C S Finlc
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LVDd/Ds 83/80 mm, EF 8 %, RVSP 81 mmHg, LAD 47 mm, TAPSE 19 mm,

AR trivial, MR severe, TR moderate
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Stage I
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Stage II
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Stage I ICU
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Recurrent HF after LVAD implantation
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- LV or RV failure
- LVVAD related or non-LVAD-related causes

Burke M, et al. Circulation 2014;129:1161-1166.
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- 2007-2010 RCT

- A1) XJelective PCI

- IABP(n=225) vs Impella 2.5(n=223)
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Circulation. 2012;126:1717-1727
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- 2012-2015 RCT

- DEMTay I = #->7=STEMI

- [ABP(n=24) vs Impella CP(n=24)

- LR ABARE - IABP 48K5R  Impella 4905RS

v30HIETR, 65 ARCTRICEREZIRHT

J Am Coll Cardiol 2017;69:278-87
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SIS,

ECMO 4l/min

Impella CP P3 2L/min

- BP107/103 HR60 PA 46/28(34)mmHg RA 16mmHg
- SVo2 60% Lac 1.1mmol/L

- T-Bil 1.4mg/dL AST/ALT 175/137 U/
BUN 21.8mg/dL Cr 0.81mg/dL



Dd/Ds 73/68 LVEF 15% MR moderate IVC 27mm
TAPSE 13mm RV FAC 0.44
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