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1. BZNHFOMELEXRDER

BEAEDERMEBORREICENT., DHAERKEBHRARIBOTERATH Y HANITATHIED
TEVLLARLIZH LD, AERAERESRFICARNEDAARESREFORRIHANCRTEN
TWBEEOLNTALL, BIZIE, BRBEBICEVDTIZIAIFOR—ZAA—H—[ET X TERKE
ENcDBWMAIKEFELTEY . BAETHESABERERSNATOIHRIIEETH D, BADIE
OHTEVIEEERMO IT BREERMHOSR T, BMMICANIBEOAARES BB L LEDS
EEBEMFROMR - £EENNEVC ENZTORETHEVWC LIEHLATH A5, HEBHROHRKE
TENSEEEERESE (VIRM. V) [CHEINIERREORKEEEET 5HE1C. BAKL
FEERMENEKARZETCHTRAESE L THEHICIRETESLSICLRLSFTICRERMAMNS C
EDRTDORELRERD—DEEAONTE -, EEERMBHEREAOARLERL-OICIF. &
EEFAT TREOLELL] ZRLENEZELGHRAERRA. BEEFBET BRRAREFEDILE
bl 2P ENEELBREIEATET,

EEFEEE. FR17F4A818I2. ERESFOBEICHERRE LTEEUEREHN
GCP (Good clinical practice) BIEZEREZZMITL . EEMKRFICET SR EZHRAMIZHIEL =,
COFT, EEBEORE - BEEZFOREICET IRENTHONIN., ChEEFRNLGR THOMY
VFLAS RFAVEVWSHTERBBORRRARKICHANDLIARELLEICIRTT H I LA

TRAREORRLE] & TEEORRLE] ICE->TBHTEELEZ NI,

AAEDRAABATLEORFER VERKRABROERICE - > TIX BRCERER &R, MEEMKE.
HMEMERVEEHOBRIDLETHD L. [EEEFOBRKRBOERDEE (GCP) 1 AE
HoN, BRRABREMBICHELET 5-OOERNLEARICOVTREANBANICED SN TE T,
ZO—RELT. EFZHICED(RRBRICLERATET IRERERBEBOTEEERELRET S
EEBMIC, TRITEEICBRERE LEEFBEN BN L T, IRIEKERESFTEIEERES
(BEFEE) ERESFRFAREAS Fo 4 VFHERFNZER BFEEL) SRABHE) gL,
FDENT., BRBIBEADRHREBRKBO—DOTHD [FRIEBHIAH BTN EIHEES (SHEEAT
DES AT L) PNREEESN. BERES~AOIRGTEAZBMNIZ, BN RUEE W6 A HEKE
SN HA RSA VEEICRYVBAL EEEBIEZERICERTEOEBRERIOR>THEY.
F-EERASOBRMEHFNZTOMEZREMLEIE T AEEAFL,

FEGE FF—IDFBD=DICNEBERABREZRTEF v o ANEH THIB SN TULSELAERIC
BT, EAMLDALERNDBRICEDN DORELRERAERNEBEDHAAE AT OEORS - BRRE
AFRBETHD, ARRAA FS 4 UE, EEOLFLITHT 2R ERIARIEDHAAHE N TR
EORRLZEHME LTHERSN-L DT, AESH-EHENROHCEHRKEAR (BB ITEL &
NTEZES3BENEDHSKRICEBROBENLODNA TS, WG EEEIXT /NS ADREME
MO E R A DOMEMIZ, A OBEBAMNSLEEBT S LICKY., ABICHKTTHI L
NTEDLIIC. BEETAREREICOVWTHRICELDEENE Lz, TALDREBFZT. K
FREAA R4V OFAIZH->TIE RLTEELEFRAZT 5O TGS BERBTOESHN
HAMODTEABRBBEORL (EHGFHROBEL WL DFAL) & EEZEOHERLICRRIZHEUD
(&S5, BBMADBEANERNEEFND,



2. IMEKEDERKRIRE

2.1 DAREDEBEBBRRUVETH

FEEEAKR T2, 200 BALULDALZNDFEZESTHEY . LML ZOZMEZIT-E L ELUR
2 50%LUEDEENETL TS, DFEE, ZOFRICZLOVI ENBNMNIRITREFZ S
nd, EELDTFEBEOLEEFNE (L) FBHOTARRET. TOEKRDI=HIZTIELY Q0L DAEFEE
WoNTWHEEOHIIRTEHDHNIOMFBTHY .. ELHEBELTLS,

KETE., MEBRICKDRTERIE. BAEEDHESIC £-T1970 F£EITE L T 1990 £ETIE
%9 429%iF L1=hY, 1990 FLIETIKIFE A ERA L TULVELY, American Heart Association @
2005 £ [Heart Disease and Stroke Statistics] TOHEIZL D &, /A 1,300 FADERE
BERVANOBADS - EDTEBENFEETDHEEIND, BEBEBEIBFE 120 P ADOFHBAE
FITEREENRKEL. ERETHIE 67T BA. £, > -MEDLFLBBIEBEL FAOH-I
BEMNMEML., FMETHIT26 A (ICD LS B AE) ITET S,

BEAEODEEDBEERRVRETHICOVNTIE, EEFBEICLSHEAAEN O T OB EIHETE
TEHIENTED, TTHREBEEWELE. BEATZAICZZLCVWERVEREEMEZARL THE
LE-BEYRT, EREESEZZELTCVIBEZHoLITHEREITEMEETHD, BEEFHEHE [E
FREOHR] (BEEFBHEAREEERIFRBAOBRE - REMAZRBHRAZEFHRAHR %
EICLEDEBBRERROHITIX. TR FENRAETHE. BMEEEZRCIMEELAT204 75
ATHo1=D. FR 4 FETEEOEEZRSDEELAT 258 FALBEEICEML TS, F
f-. EEFm@E TAOERBRAE] (BEEFBEREEEMTFEHRBAOE - REMRARERE—
R-F5%R ZEICLE-EOEEZRMEBRERCHOMETTIE. 8 FETIHEH13.8 A
T, AO 0 BAELYDECHIE 11T AZEHTV DI LT, FR 16 FETIEEREK 16 BA
T.AB 10 BAERYDRTEIE 12T ANEEML, BIETH 103 TAD 15.5% (FEEDE 2 £i1)
FHHTLS,

2.2 IMREBIZE HREFHEX

American Heart Association @ 2005 & [lHeart Disease and Stroke Statistics] DH#EFEIZ &
5E KRETRHERERBICLIFROBRFERIERERZT0TE FILZEHTIR21ERILIZ,
FO o MEDFREBBICL LI FEHDOBFERIERERE2DIEBNILEZEOT2I9E FILIZET
%o

BAEICEWTIE, MREBORFBRXICHAT A2R/ANGHERZITONATLENWD, EREREDH
N (BEFBEXREEEMTHERBAOERE - RERAZRERAZHER Mo, BRKBKREIC
NODOLIEEREREOMBZMNEICENTED, ThITEDE. FH 10 FEOERERER
315,35 EATHY . ER—AEH-VYDEEEIL 247,100 H, F-ERMEIIXHT 5EIE( 8.55%
Lo THEY., TholEEABMLODHEH, —BRZEERE (240,931 EA) 2XERICKLSE
ROERICHDE, NINEREZRERBFRIKZEL 35, 8578 (14. 9%) 2HHTHEY (55



EMEEREBE 19, 114 EM) FHEHD 29, 724 {8 (12. 3%) PRI RDKEED 20, 766 {2 (8.
6%) BEERECLALT, EREZECLPTIRRDEE LG > TV D, BAFIRFOREMBR
ZEOREMBXRICOVT, DMEBICHRLILDDAHZHEITHTET 5 LEERETH LA, KE
MADHEETESEICT S E. DR EHDHIARBEDORREICET S DERDND,

2.3 FABHEEOTFLISHT ZAREOER

FAFEREEODFAEBEICHT 2FE—RBROBFEELDEBBETH I, HEMNIC FFT—DOFR
AEDEFBZEFIRL TLLIONRIKTH S, RKETITDBBIERITHRITERFY 2, 000 F15R, KM
THLEM 1,000 s THBLTE Y., TEEAETIEFER I F 10 A DEHRBIEEEITER 8 FRD
EROEBBEEGEIE 30 FIBE>TWD, —FA. BEFLEERICET IHERDERICHL. H
MBFEDDAREBBEANDICANFLLTEARFRELTHFEEINDDOH D, LMALEAL, DEIC
EI oBERREDERLERICADERICISESSICHIEDHMZEST 5 &0, EELTFE
BERTHDZ ZHHL2MEFICSESVTEEBRCRAERGRIRMIMRERLSNGONG N L
BEIZEY . EWNVFRICDEBBEZHETETERE T HBREIGDIEETEHAFTELRL, F
. BLDFEZFARAL-ERDEBEOHELEDONDDH LA, REBEZHBEORMDY «
IWARBZRDEIRE. RELOMEZFOS K DEENFEL. PEYEEREASN DT TIZIEHE
LOHMZEETSILDEZZOND,

2.4 REKBATDEOHEMEETH

LEDESGRRICE Y, RMEFATEIHAMIC, RAGOLEAFEAZBEME LEATLDEAE
EDTRLRITE T DEBEAREZHTELIRETIFERLELTRLVAENGERKREEZEZAONT
Wb, kETIE. ADDEOLEHFFEMIZEEMI 57=8IZ. National Heart, Lung, and Blood
Institute (NHLBI)AY 1989 FEIZ&HFDEMRIC & ML L =5F@#ES Institute of Medicine &
HIL., 2AMNGLEMITFMETL. 1991 FICHREZITH>TLS, ThITk D&, Minnesota I
Olmsted BZEXKDFEHMETILE LTHLE L TITHONT- 5 FRHD review study TIE., £iEE
REBEDD S LN DBEBRNBETHIDENEZTELEIENTEIRRICH LRSI,
NEEXRICHTIEDIGE. SS5BUTTERB1~1.0 AN, hFUTTER3I~3.5AFA,. &2F
B CEM 6~7 EADBENDIEBBEE = FATDEOF KAMEROESERRRIZAZYES
EWS, Fz. THDEEQOSEMLENHIVERLLDBERZVELTDHIDIE1~2FA
EEZONTVS, CNODEFHTEBNEMNZLEL T Z2EERICNA. TOFRAMEINRED
DEBHELREHIVNIZNULICEF THHERICERANRLELGIBE. THEHEE 2V IIL—
TOEEDOHIIRK 20 FALHESNDS, = LIOEILX. EEOFRMEHNIIA SN S EHARME
% 15~20 EALMERELD, UELY., 2020 FFETIZKEARNTERS 27 AADEEZL HEHAITE
REBE-IHHBAODEEBRORR EGDAEENH D, £, ChOoDBFICEELTRIFTEF
ELTE. BERRIRICE 2 DN—DREBORET L2FMRDOAMOME. SHICHEETLDDOH
HEBH-BRMAERVFHEEZE IOV S LOERKRECTORERENETFLNA TS,

BEAETREADDEBOHEREICET SRZKOETREEITHOATOEGLS, IIMOT—2IZH &



DVTHHLFEDKREZHRL THS & IVRERTHZRED 20~25% (EAAZRKED 40~45%
ETBHERTRITKED 45~60%) LRELHE., DEBEEIIATOEBOFXAHBERD
BN REQGTYFTLIEBRI S BMUTICR-OTH 2~4 FARERFFET S LD EEDLN D,
COHFIZIE, LRon<, BREFTHRESAAIDBEEDEEAHLSI_ LD, BIICEFHELT
BENTLS,

2.5 ATDBOEANERAOAMEICEY 5 KRRERKHER

AT DEOBMEICET 5 KIRRERREAER & L TIE. KE T REMATCH (Randomized Evaluation of
Mechanical Assistance for the Treatment of Congestive Heart Failure) #FEH{T4r4L. 2001
FITZDOHERMBMESIN TS, i, DEBEICTEETHoRADLTEEE 129 61 (24
NYHA 7248 IV E) Z1EORAAREEZHBIALDRE (68 #l) F(E&ELTARMSEE (61 6)) (T
EBICEIY 1T, BOAAREZFMIATDEOEBEAFEROBENMZRFLI-3DTHL, TDFE
R. 1 FEFRIHIALDRER T 52%. ARAERT 25%THY . MBIATDLEHTHRIET )
RO DERIIC BREEITHD L., PHEBAIBBEEZH IO, 2 FEFEREIZTIATH 2% K
U8%THD, WL 1 FEDRATHMAIDBEBHICEEGRENR O, BT LG 24 fl2Hl
M NYHA %8 || EIZHE>Tfz, TDO—A T, RTHIZIFATDEICHENGEE. THbhbRkE
fE. MAHE., HWHBHELAONTI-F-0. EAFEREMNE L TEESLLLIBUENDETHSELSM
iR E bliof-, TOHR. MEF2FMHULEAARY L2 —HDF QL THEARTRELGRHAR
ATDEORFENAKRELGEEL LTS,

2.6 AT DEAROERXZER

BRAMHR C/B) [F. ATDRBERIZEIERELHRDEMNEEZEDARBIBEOREICRES
CELEMRITHLTEETHD, EHFEICIK. COLSIBCEFHANTELDT—RIEHL . BE
BRICEALTEY—4y MBELEODTELADONH LT —2 &/ T 52 LIk > TERE
DFRETHIEEH/EL, Tz ATDEO C/ECELTIE, kETIKERIOD I FELT
DELUHEFET 2 L TEHRML CEAFTARTHD I EVWSHEDTIC, REMTMEO—RELT
IOM 2K BEAE - HENTHOAL TS, TNICKkDE. ATDEE®D C/E FHEZthD AL & DLLE
[CHEWTTELRY AFICITS> O, ABMEORBRKEBICHTIBEZOER/GREZALD
&2k Y. Q0L % C/E EHMBiICREREH TS, Q0L AR X 1T > F-EFES (qual ity-adjusted |ife
years; QALY) ZHARLMEDAREBEBOLRIZANTS Y., C/ELFHZAETEONT= QALY Hf-
YOERADEMDE LT, thDBERELEDEEICEWNTEREINDS,

ZOMETIE, ARBAERICRD - TE2BREAILEZERALEAD C/EDEMEERT S
QALY #&7=Y 105,000 F)L (1991 EOEHMME) LHEEL. CNEZBRAREEDR—F—54 2T
HHEFMLTLND, TLT. 2D C/E LIFDEBIEDZN QALY H71=Y 32,000 F)L. HAET
FRBEMICCD 10 FEL5VELE>TVSDHNERK) EHELTRKETESMETEH S, EX
BOsEER & LT QALY &7=Y 105,000 KLD C/E LhIZZ T ANTREREDTH D EBRTUNVS,



2.7 HEABEIZE T A2 RERABEANILEBREDER & AR

Eidnmn< ., BEENETIIMVERICEYBE 16 FAULATREL., ERADE 2 iz HHTL
%, Ff-. DAEBEBBET WL AELS . TOREAROHELIEAEOERBB LBO TEER
FETHD, BAENMNETIE, TR 1 7 AUAOEHFERZIHRICHAKE S EATOREZ D
BEAOT)y L LTI EUEFERTAHLZEOON, TNITHE > TMREOREELED
BHEDOHLE, RUBRGHEEEICBIAINGEITEIZEICEIHENWLARELBBELLE>TET
W3, 3L ZHDEBEOERNG FF—FEZNRMLRY Y LBE>TVWEIERKEEZDE. Ch
ZIRAKMICRRIRT 5 2 ENATRELBBRAREHI L TOK BELH D,

ZIT.ELPEICBTP2EELDAEEERGO-HOEI & L TREAGEATEE AR HAIARIER
BMAIDMEVATLEREL, REEITY vy DICEZDEBEOSERELERSEEBIC, 2F0UE
DEHMAEE S QL ZEIH L T destinationtherapy ZaEEL T D EEBIET CEAEEN
%5, Tz, ChoRMERBAIDEBESEORKENRGFINIBLEARTEE - METH LT,
B DHEZRARICEAESETLEBEEZEZ T LEHATLEIN OB EFEETREET
B E. BHEORMRBEATODEOBENEEZERALEFLIVARBRERIL TV I LNEE
THbo



3. AT ERKRHE

NFETHRTHERAINTELATDBICONT, MECEICEHRRERBZEE L O, ZRHBS
FESEDAETIET—2FEEZTT, UTIC, ADDBOBRKEIRUVIERETRT

3.1 AT LMD EEER 5!

A T fisk oD iz R 451
B 5 i [RE B R 151 REERF (F)
BVS5000 (K) EXRE 6, 000 5 H
AB5000 (XK) ERE 60
0 Thoratec (XK) ERE 2,517 1.6
Heart Mate IP € ERE 1,317 2.0
= Berlin Heart (34) ERE 1, 400
7 i MEDOS ) | ZRE 650 1.2
B Toyobo (82) ELRE 461 3.4
Aisin- Zeon (82) ELRE 178 0.5
A Novacor (hm) BHA 1, 500 6. 1
T Heart Mate VE (k) T—4 2, 361 4.6
i) Lion Heart (k) £—4 37 2.2
i & DeBakey VAS () 2 350 1.4
. Jarvik 2000 (K) o 105 5.0
b Heart Mate || k) | & & 105 1.6
| INCOR () | #@ 219 2.0
VentrAssist (%) = D 38 1.8
DuraHeart =) = oD 22 1.4
EVAHEART (2 = D 3 0.9
2B Jarvik (K) ERE 203 1.8
ATl i Cardiolest (K) ERE 227 1.1
(HE) | AbioCor *) | B=mE 14 1.4

_Replacemanl
# Heart

! !
/ f \\
i \
Wircless Rochargeabie
Energy Ineenal
Transfer Batlery
System "
Extiernal
Internal Balte
Edemd  Coligler | Pack
| Drinver
FHEIATDEE (VAS) LEBRATIDE (TAH)



3.2 NIDEDH%E

Pulthecath LVAS (B : Intra-Vasctt)
Impella(d® : Impellatt—kK : Arrowtt)

| EAR(BARBREAVH/TA P4
EREE (AR B'EHL)

BVS 5000 (Abiomed#t)

AB5000 (Ab i omed#t)

Pierce/Donachy (K[ : Thoratec#t)

— SEEIEAME — WBER— T-4/0-729Y1-/P

o=
2EBRE — HER EE AT

HENRZE
1A B

Ao EER

_ HER— ZERE —
— —_ 1)
n7—FAB gen  mmkyT—
HER — ZERE
—{RoERER B
ER — &L
—ZERE/p
— 8B E—4/pp
BB/ T
(PP: pusher plate)
— AR —
T B C
BRI
“EELET

Ber|lin Heart (J& : Berlin Hearttt)
Medos Heart (J& : Medos%t)

HeartMate IP(K[E : Thoratectt)

— HeartMate VE (¥[E:Thoratectt)

Novacor (in : World Heart#t)

DeBakey VAD (XE : MicroMed#t)
Jarvik 2000 K& : Jarvik Heart#t)
INCOR (JR[E: Berlin Heart#t)
HeartMate || (k[ :Thoratec#t

Ventracor#t)

| VentrAssist (S :

CorAide (K :Arrowst
DuraHeart LVAS(HA& : TI)LE%L)
| EVAHEART(BAR:H > AT 4 HJL%t)

RP—Lion Heart (k& : Arrowtt)
— CardioWestC70 (CardioWest#t)
— AbioCor (Abiomed%t)

1EA BN

HERTEE
1A 44 B



4. NI DRBOZMEIM

41[FXC®HIZ

FRKTlE. R 4,000 FIFFDLEBENTHN TS, FH—HIEHMEMZERL. ADIEIC
BEOBVWEEDLDAEDBBEDHARIEDONTE . ZO—DICAILEAH Y . KETIE. 1964
ENLERTAD Y M LTHRBAENED SN, ATDETDEBEZXZASEELKRIZR
L. RETIE, DEBEOMRELGNGEVEZIZENT, &KEHE (Destination Therapy, DT)
NThNd &S 1TH o1z, BAETIE 1999 FITDEBETBRINA-A. FF—FRIFXEKRUL
[CERZGEETHY . BE (FRR18EI A 26 B) £TIC30H (EFH3~44) OLEBIEHLS
THhnfzIZBEELZL, 30FIDA 21 1 (70%) EVASHSDT) v PoTHD, BIE. BHEEIERLT
WEHEERIIHB0 LT, FEMELHIOZLEANSIN TS, BiEEZZT-EEOTFHFHBELK
(£ 550 B EFRDFEH 120 BITHARTE L KL AN FF—REIERZTHEIMDRRL DB,
F1=. 2001 F£A5 2003 FITHhIFTT 6 BEXRICTHONIZIEHIAAK HeartMate-| VE (Vented
Electric, Thoratec Corp, USA)##BiIA TilMig (Ventricular Assist Device, VAS) DEGRERBERIZH
WTH, HRAM2EFBATEBEIITHONA TG, ADOEEFHIRICT 2BEERIL. BARA
DEFEE. EICEEFLIZCVLDTEBELNEEZ OGNS, [@ETH, @AATH, #HTH, &£
DEBICHLERTRLTEROFEAENIEEND,

EAEICEWNWTVAS M SBHEIZTY vy L= 21 ADEEDNRN.KF IR RE B B EH1E S VAS
Mo, ZY FRCRDIARIEHIAHX VAS Mo TH o 1=, KR VAS DRERIE. KER D Novacor .
HeartMate-1 TH o1z, ANERBER VAS ZEEL-2E (L. ENREZEET HHBLELI S DRED
Rt & DB THREMNICEH L TUL=A. Novacor 4 HeartMate—| ZiEZAAEEHEIX. B
ETOFEMSROoNT=, MY RATLIZEITSHEED Quality of Life (QOL) DEWVMNEL 515,
1968 FEh 59 30 FRDEBENR by TLTWEBRE, EXBICEFSAILEOBMREEZES
2. NEDOHRCESITEE/EVRRICEVP>zEEZA NS, LML, BKROBERZITERA
[C[EXRETE AKREE>1.5m). AR bH 1Y 1,400 AL, HELNBEBNDIERTIEAL,
N B R FTHEHOAARERAATOBORFEIX 1995 FTALYVEKRE L THELEDONT
M. R, BE 10 EROEDHLE NN OC-ERYDDOH D, BEQEHAHKXO—42 1) —
Mm&RR Y TOERKREAMNIEE > 1=,

4.2 ATORREDHRMGELMEE

BAEICE T D AT LEBOMEFFEE 1960 FRUOIZHB SN, BRISANTHONI=DIE
1980 FRUDTH S, KETIE, 1957 FIZATDEBOHEMNIRE Y . 1968 F(Z(FERIZERKRIES AL
ThhTsY. HARLISERICAFTTOAERLGREANMIZ S, ATDAEX. 1960 EREKRFN SR
FOoLDEBBEEXZASERAEM T NI RELTEENZHAL. BELVESZRITHER



Elotz, 1997 EFETOEBEE VS ZITINEN > FEABETIE. ADDEBIEHAEDI-HDOH
TELTHRELERLAT D, LHL, 1960-1970 ERDEERE. £FORKICHEVEARIC
BOWTHLMERKENEML., 1980 ERMOICIXFAOHBRIANER, SBERAATREL DR S
IVIBBICEVNT, AARERAILDEIERENS LS, BARRSBREVY— K
EMBHES, RRKFE - TA UK - BAEA U BOERBE VS AEn s THS, mitD
R F1E 1990 F(C(FRERRA. 1990 FIZIZRRINE AR D 5Tz,

1980 FEREF M S 1990 FRMDITIE FERIZCBIEZRDEMT 2BELEABML TE.1990
FERICE, REHHBERVEREA DHB VAS NRABREBICAV OGNS & S I1TH o f=h%, BiE
EWVWSZITMAED, > - LU, BEMBENE—DEFE~DETH >z, 1992 FIZIE. IEERDH
FEDT-HBEMTD VAS TEM L TV BENKETIHRAN— b2 —IZBEEM LIz, £
DEE. KETIE. VAS ZHERAAZBENBIEE TORKP. BEERENARELLGY DDH T,
AIDRBZEDIAHA, RN ZERICHEELIBEELANFERATILREZEEL. FEICIRES
N-BEZEREZANTHTEL. EROEVEZRRALEIGEV L, EFEERBTIFYIN—FEUAR
—DEDR—S—EMRKZTHRICHBL T, MEEZEOFIC L TEOHAAHE AT LED
AT L, BEEED O RZICEONEAZENLAIDEEERAALZBEESALEHL
ER.ITABRTLIDEILBEESIAZ—HIBRCHESLSITLEEVLWEDE ) ERERBEN TV,

HH. BEMERO VAS 2458 LBEEM L -BET 112 BERREN THEE, BEBIEEZT
RET S &ICiE ot RNBRERDKRELEBEEDEN., EMICELTEXRGERZELR-E
ELHENMEL. BAERNTODBBIEBRNOEENEITH o1, FRFIC, 1995 FEM S,
KE TEERFERMNEHMNY DD o 1= Novacor 4> HeartMate—| MIE&HAH K VAS DEANED SN b
KII2Hofz, 1996 FIZIF, BRREZFERKET Novacor VAS #HEXAATZEEN. ERNTUDH
TRIEL. REABIEEM T 2FEENFE SN, RARBERLERL T, BEOMELHETH
2 EFRMEVGZVDTHSA., SREGHARS (1 1,400 BM) . B - Ak - BiEERF
ERGRBREZEL-, #LPEBRTEHIEETIEAL,

1990 FEASKETIE, ALDEBHEORE LATHhATUL A, ATDEIFERDO =—XIC
X L+ BENENH D EDEAT, 1995 FIZIX, Innovative Ventricular Assist Program
(IVAS, ZEHFHHIVAS 705 S L)MRAE N, COTOSTSLOBEMIL, 5 ERDOMAKEZET S
BEIFAIVAS ZBAFK L. DEBIE~ADTY) v SERE 2., BIREHFLTOSEITDEEEZEES
HLHBBAEDEAFELBEELTEY. 6 DOENRRENT-, 6 DORD I DETHAILFZEE
9. MEME, EEEIEAT R ERRAR > T (Jarvik2000, HeartMate—I1, CorAide). %Y 3D
AHEER. BRHARY T EDHINEHRBIEE CTH 1z, ALEEMNETH, BRE L TOAIDER
ETE (REFERE NEDO. BIZFEHMIT. BEFEE) MNiLbEMN o, 1997 FICIXMIEEEIZRD
S, WEWEDLEBENBRINDZ LIk o1z, F—HlIE. 1999 F£IZiThh, BFE 4 7B
D Novacor VAS [C &k 2 BIRMERIMNSDTY v O THo1=,

KEOD IVASEHFETO D oo M 2000 FRTELN S . DEBIE~D T ) v O ZATRICTEIBRIZLERER



IERAMRIE SNz, HEB LB LT, MET, ATREZEELET. HENLELENBRZTHIHE
DFRTH DN, EERDVERICRIFTEZEICEL TIEHERITEL TOVRL, EREROERRKIS A &
FETLT, FHFEIRTEOEATLEBEORRELGNAGVERICENT, REBEIEHAHRK VAS
[CEDEBFMREZNXROEYAE L EEAMICLLET HHEL 1999 FICHESINTz, ThlL.
REMATCH study &FF(EAL. HeartMate-| VE ZiEXRAATZEBED 2 EAFEN 23% THo1=DIZL
BLTEWMABDOHCEDETREN 8% TH T2 EMNBESI L. VAS OFENRDH LN,
HeartMate—| VE @ DT fE /. 2003 &£ 11 AICZIX DT ORIEIREL (1Y F6FKFIL) 1EHBLNLEE
R&lior=,

KEIVAS TOP ) FERBFICHEFELLZENEDOND A2 ) bOTILERBSEZE LR DM
&R > 7 DuraHeart (&, 2000 (2K EICH L THRMAFE(Z, 2004 FIZIEEUN TERKIGAIZA 1=,
2006 5 3 A 26 BIRTE. 20 FIDERRERERZH T LERMIZEH 1T HBRFTAE TH S CE-Mark DERAIfFH
DRRETHY . RKEZ L THEANDOLEELRETH S, BE~DT) vy OHEREEME LI-ARNIE
ORAABTA D VAREARERN - BURBRERF LI —OLEBRBALORE E Mivatec £t
/Baylor BRI RZDMEL/NANRR VAT LI, TBD Y METHD 2005 4 4 AH SERKIGAH
BREESNDIEICHEL>TVD, — A, HEBRWTEXEFAOXETHARELEY VAT HILHR
EVAHEART (X 2005 £ 5 AN EMEICHE T34 6 v AMD/ N1 Oy FMGRHARZERBL . T2
BUMEAILEE STz, 2006 &4 AH S 20 FID ERZ JLERREBRAKRKE. EMERFzHFEZU 2
— BEERKRZLRRRFERKETHEBEINGFETHD. BEEFBEIENTOO ) M
RRRZE - BHLXE - LiBEXE - AMKZLEDESTHENEDONTLDA, EREETH
%5, Thodfcd, BABHOKE, K. AR, £ETHER, EHER. VAS. 2EBRBA
IOEBOEZRRMNS VAT LEEICEIHERENEDHONATLS(E1),

L

Tokyo Denki University

— 4
National Institute of _Advanced "N Q,
Industrial and Scientific Technology =

Tokyo  Medical and  Dental

University N l"’
*%

University L m

Tokyo =

Waseda
University

i
Miwatec Co

B1: HZHPEICE T SALLERAREROY A by T
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VAS B>y kEAifTL T KETIL. 2000 EDERKREAZE B#IZ.VAS Qi &G A L T 1988
FICLERBATOBOMKSZENFIE SNz, T¥ 4 DOV IL—TITHRENZIE SN,
1992 £/ 588 F o7z Phased Readiness 7O S5 LOFE—HATIL. EXEMK. EXRAEES (E
E) LEXRRAERE (BE) O32I2. 1996 EMcDFEZHTIE. EXHMEEE & ERMIAERE

(BEE) 220k, 2000 £7 Ahb., TELEBEHRAARBESRASRE) (EE) AbioCor £E#
AT DEIERREEBRICA o1z, (DEBIEN SR Sh. Rin 30 BEFRASNE-RPEEDLFE
BEEZARLETDLDT. 60 HEOEMHIERSIN-FHRTRINEA G EINT, COERKRKARE,
BEGEEBZAMEZAFN-LBRBAIOEEHREHIT 2L 0T, BEFETIC 14 AOBEIC
HEXAFEA, REEFERE 2 FAVBEZROTEY .. DEBEICRDITLBERHEFEZLLT
HENFEOLNTNEIDTHD, 2005 EMhslE, FIHRAIATLELT, BRAEEZ 30%E
LEE, F—HAD active fill EEBOEBEIRAEEZ K4 o T passive fill HIBOESHEMER
BMIRTLEAVCERKRRIA BTSN,

4. 3EAEICBITHEERAT/NAA

BEAEICETHEELAEDABEEL LTIE. EHREREHOGS. ANRERDOEKEES VAS
MRERAIh. BEHEEDBHEE. ANERERH D UVIXIEHIAH K Novacor Fi=Id HeartMate— | VE
VAS NBHEAD T ) w o E LTHEASNEMN, VAS 2B DT FELERHLN TV, BERER%
L TRIRIRENRH 5B TVDDEABFKRL T (BEHHHE, Novacor 15 VAS) TH Y. 2005
EHNSARBIRBIN-ONERGRKRLTTHS,
(1) aBhifk VAS

BFEOREAEZ/{TTNETNARELT, REFEHAR, BAEF VHBRUXENGBWA SO T
Novacor # & D 3 d2HH B, EED VAS (& 1980 EMHAICEKICALFHIBSNTH S, BERRZE
7121990 F£Z L TRIRWNE N RO 5Ntz 1994 £ A FETIT, B HERA T OMEED S BT
BE7s 219 BIOBEICERSIN., —BHULERHEEE L TOMEERER LTz, 1993 £FXrh 018
REEZRRICERASh. BE TS (ELRRBFRLUI—. KIRXZE AMKE, BEERKXE,
HRAY. RRZFERKY. BlXS) TH 0 LOBENTEHLE VAS 255 L. DiEBiE
EHEELTLSIRETH D,

2 (a) : BFEFITLE VAS EK 2 (b) : WEMHLBEVAS E/A - REH=Za—L
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B2E, WEHHEMBRRY TOEBERERA - REH=a2—LERT, MRKRY TIE—EHEE
2 10cc THEHKKDEREEARXT, MRFEMEIFX LT AV MERYILEUTI—T20TEh
TW5, MERY TEEZEDREEEM, ETRERED, R TIXENEE L. BEEEICER
ENHHEHATHD. BREA Y - TA O UEBELRNRER., ZREBHY v/ RMNERL TT,
—[EaE E(E 40cc TH D,

1B &AH VAS TH 5 Novacor & HeartMate-1 VE (B 3, 4) DA, Novacor (&, 1995 FEH 5 1999
FICERRARZMRT L. 2001 FITHEREN. £ LT 2003 FIZ(FERIEUREL (118 1,400 5E) A
RHoNfz, Novacor (FBEMEDATY v #MELMEZHLE L. HeartMate-| VE (. E—%
DEENE T T—ANDLOEREEAICEBR L. ¥4 775 LEMEL TR ERET HE8A4T
Hd, MARYTH, RA - RER— MIEKFZRAL., HERZIER L TL S, Novacor [,

percutanegus
lead [

reserve

power | ,, primary- ;
powi pack.

3 : Novacor VAS

E 4 : HeartMate-1 VE VAS
DEBELZARICKBRAFLEELIFRRER LI —TTOERANBOHLATVS, BED
HeartMate—| VE (& 2003 FICERIKAERZH T L. WEBRORAZ[F > T E KRR THSH, @R
TiE. BRRICEWTHBIE~AD T v DA Bridge to Transplantation, BTT), BiEOXR LGN
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BOWEHICBWLWTRESLEE DT A EICHE T, 5,000 AU LEDOBHIERAINIFREZIHTLS
A, A4 X, AR MOHEADORBET. BAFEICEVTIXEBAEVERGRAIZE > TV, I,
BOAAFEHE LT, AREHE 1.0 MULEEZEL, KED/NROINMELGT OT7HEEDEE~DIE
HAHAITRETH S, RREREHMKETIE. FHUHRKE 50—60Kg D EEFICIEOHIAHATRELGER K
WEEE VAS. £EMB AT DEORKEEEDHTIVS, B 5 (& Novacor. HeartMate-1 VE. AbioCor
EHBR LY A XERY, BE 13 » AOMARER., BEHEHSMERZERT L. BKRICHZANR
EL-RYSYEROERFEED TS,

(2) Efr VAS

EFERATDEE., HERAR S TERBELT, 1) MEBEE, 2) BENHE., 3) AIRFE.
4) @®E, 5) REMAKE. 6) Bhlf-fumiEOMBERELTLEDOMRERT S, LAHL. Eii
MIITERBRAERICRIFTHZECEL TIE, FERISELTULRL,

Pump Housing

-

l% Pusher-Plate

Support-Plate
—_—

) Motor Actuator

Diaphragm

Roller Screw

Motor Housing

Back-plate —

5 MEERERAZ THETONE, BHAAE, BRMETIEET TAH (1) & VAS
(F). LEIZFHIAR TAH T, %54 AbioCor (TAH) TH .

EMNEIZBWTRERD T/ A&, TILER® DuraHeart &4 AT 1 HJLEED EVAHEART T
HY. BIEFESEL. T2FEEMXROMBRY T, BEBEIN—CHEICE Y REFOHMZIHE
AHERTDVATLTHD, MR T X, AREEA 1.1 MOEBEECHIBHAHAEEL Y A X
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INMEIN TS, 3DED X T AIE, Miwatec #t & KE Baylor ERM XEMNHRE THFE L 12ED
MARRY TREODNA IRV AT LTH D, SOOI, TLIFEMABTMAAR D TELRBMKRFELS
LTBEXRZETHRBAFEIATLEIN, EREMBETHS, 2 TIL. DuraHeart, EVAHEART,
Miwatec/Baylor X FLZEHERY LIFTEHRBAT S,

2a) T JLE#t DuraHeart

6 [&. Ef2{ATE 180cc. E= 540g . S EZF T2mm, S 4bmm &/pEME S hizERRHESRIELR
BILMZEAR Y J Duraeart 279, CORY T, BARDHESHES T, VRS> —%BEH L. B
A URS—[FBARDHESMZ TREFEMICHE SN L. B EERE 1,200 A5 2,600 [2H T
25 10 L/min OREMNMRHETE, E—2BRERICE VY LAREBHAITRETHD. M3
DI ETNA RAPBEOEREEFHICRBTEIHEATH S,

BSA> 1.1 m?

6 : TJLE%t DuraHeart

1995 M5 1999 £ NEDO B2 ¥ FOE—HRARBHICE LT, MHETILZAL. 59
ERTHRR8A BOEFZERLZ, 199 FEM 5. TILEFREICHMA L., 1999 £ 5 2001 Fi
RKEA I XA T+ — FRETEHESMEER. 2001 F£H5 2002 F(k. EXRFEMOEEE. REMH.
MR, MRESHHR, MIBMZREZEFREMARFZER-ER, KB 2 KF T, 30, 60,
90 HREDRTERRABR Z4TLN., R Ta—y bOMBESHEERERE Lz, BRI EQOLERIEKS
T2V AT LAEREEHBRTE. . BROBIE. BEREMAM . WETRRICLIMERFEHRE L.
DuraHeart MEGERERERIL. 2004 £ 1 AWM SERIND 4 DD+ > 2 — (Berlin, Bad Oeynhausen, Paris,
Wien) ZHMZ, EVAERICIEIREEZRIGEWLNHA I SR IVOLFRLBEERRIZ, VATLD
e, AMEOFEETI CEEBRFICHEBE I, WEFTICH 22 AOBBICEDOAA, &
RERGMHAMT 45 BTHY . BINICHITSRFTHRITH S CE-Mark DRAIFLDIRETH S,
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2b) AT 4 HIVEIRHIZEFT EVAHEART

EVAHEART LR 7 L&, BHRAAHAADRELMBRRY T2y b ENMBRRIATLD 2 mATH
EhTWd (B, RyTazy MDA URS—FHIBEERBFICERLTEY., 1 RS
—BAZER cool-seal [FINEEREEMNSEIRSNHIEERIBKTHA, HBFSNDHILIZRY,
migf R ZBhiE. REIMAMEHFT IBETH S, R T2y FORIEEECE U HEETHK
NOERGEEBENITHARAL Z ETHERARAALMRR Y TOEEEEERT 2L I ITHEBESH
TWd, ETOYRATAIF, BREEFKREHI L., REED)FIOLA A VERTH 11 BEOD
EHEEEEIARETH S, ACEBRVCEBEDERICK > THEREIRIAEG & S ITERET SN TV D,

Cool-Seal unit cartridge

K7 :HoAT a0 HILEMAZERT &R VAS EVAHEART
Mt AR L, HEATHO TEBLEZRAL., SANBEZEELABETT 1 £/8TL. 18

Ay bARIEECEREIL ., 1 EROEFEEFI85% THAHAC & A DAL —IILEBDEFEET
6-A212980, D—LDFERIH B ETHAS EAEASAI, Ry Ta1Zy MIEEKRAT
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RELE-MEZRIFEUTHERSATAS Y., B, MFREMEIDZRESHICEBNI-A422 )0
ANAFOTFILRARY LAY > (2-Methacryoyloxyethy| Phosphorylcholine, MPC) Ta—F «
DT EINTWBNPC [, EAREDEEICL-Y VEEMGAY  MERNKRMIBOMEEEZE HIEM L.
RAREL-MEHERT CEAHRESN TS,

miklE, ZlvbREEL YR, PTFE ATMEZ/ L TEITRBARICEmMES NS, BESYEER
. KEEYYN—TRZEILAT4ILKET 60 BBOFETITo>TERH. WPC R IT—DEN
il EERE L THEERIZERE TED, MRRY TEDEORDEFR CRA - i3
ROA—ELTHUATAALRAF Y OFILOEOF vy TRAIRI 2 —2FK L. Mgk %
BECCEITHLI-BR. ZRK 222 BOEBFEMNFREICG o=, £, REZERTHELHMBiED
BN, ABOREEHESEL-OIC. F MY a—FT 4 VT &I LRFICHNGT—T IR
— WA —FZEAR LA L I2EEHR~ADR FLRERENML. BREZOREZHLETHIIREFREL.
EHHRVBEFNGREEZHCIENTES,

BAEICH T SERKRAERT 2005 &£ 4 Ab SRR ENT= 2 EERICH TS 3 HlD/N4 Oy FAKIC
BLTREM - BUMMNERI N, 2006 F£4 Ahs 4 BERICE T, 20 Fl0 ERZ JLEREREAERA
TONDEFETHD. F—BEOCBEE. 1) REEFELTLEEZBBICTI)yOTEHIE. X
F2) 6 » AOBRGRIZEVTRAERKICEASN TS T/NA R ELE LT, AE, BALME
FIFELEBZMAT S ETHS, VT, KEIZE TS/ 310y MRERIE, B TOREMEDHE
Rk, 6~10 fEE% 100~300 ZEDEHEIZH LT, BIT XEDT ELTOTFNA RDFFEEITSI2 &%
BfELTLS,

2¢) Miwatec/Baylor Wity /€ INA R T L

RO TORT LI, 1995 F£~1999 F£0 5 Ffl, Wt (H) & Baylor ERAKZDOHRCHFEZE
=Y. 2000 EM 5L, Miwatec (¥k). V7 bO= vy R () BIEAR > T L EREIFIEEE %6
L., LBERBRENBRIEGERE. EL VX TL (k) ARA-REH =2 — L OB, Baylor
ERKEN R TLFEETOBRTH S, BERA URF—ELETOERY kRXRT7 Y U7 TXHEFS
N[, BMREEZRAWE—FDRENEZA UANF—IZFEL, BLDATHEREZEY HTEHEA
THdD, 7OV F1I—3—2B8OHRL TOEBRIKEL 150cc, EE(F 420g &/NBEIEShTHEY.,
EoEERE 2400, FAEN 6.5y T, IL/min DR EMHEMNATETH D, E5I VY -RUI
FLUERAWZERY bR7 YD TBOMAMKEE, MERBOHR. AL@EBARL TLLTH 10
F, EOHEBIRLTELTH S EDFGMNEH SN,

BHEMERG. WEFTIC 11 EEOF4TIT =R, £FHHEEFTH 9 8 (22~90 A) T
Hotz. 3y AEDEOAAERRICEVWTELRNKRY TOFEHREF. ThZhn 4.9, 4.7L/min
T, RUTRICMRFROT . HHEATI/OEVEE, FH 4.7x1.8 mg/dl LEWMEZETRLT=,
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& Fuji Systems silicone cannula

housing

Impeller

Actuator

X 8 : Miwatec/Baylor ERy FART ) U FEDMAERARY TERWEEID/NA RRA AT L (E).
mERY TOEER (EL) &4 05— (AL)

BRRRGAE, BIITRT &S5I1T. BARER, T—IILKXEZELEDRAAED I DDZ A THiE
HEhTb, FAREBRE. 2TOHMRIEAENBEE, RA-REHI=Z2—LENLT. DiEE
KMEITEFKET A THY .. BDMEROHBI. BTT. ECMO, PCPS # &L AR BHIEYS . 7
—ILRFE BET—TILEAVT. RRICERRAALZRTET IV F2aI—F2—ICITRIL¥—%
f=% L. ECMO 4> PCPS % < BAILMITHR DB BTT ADGAIZET 5., TL2EBHRAFRIE. BRU
NDETHOMREFRNICHEZ AL EHDOT, BT F£2(& DT ADEAZEIA TS, MiKRY FILE
DFEEEEOEB E L TORAEDOEDNARETHY . RRRVEIBEICE NTEREKF—LZEHERL.
FRERAERICA T CTREEEDHTILVS,
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VAD
VAD Post cardiotomy
B

Post cardiotomy

Inside

Outside

Power
Supply

Totally
Implantable implantable
with drive line| VAD
BTT
Paracorporeal Destination therapy

STEP1 STEP2 STEP3
(Wearable) (Implantable with cable) (Totally implantable)

9 : Miwatec/Baylor .o/ A /XA AT LD RGIR IS TR

4.4 SBRORE

EZAETIE, 1968 A o 30 FRDEBIENTOA TGN =B HY. ATDEZEL
BEMBOERLE. FRICH 10 F0OBNELY . MABBORKTHD. T/31 REFZRATIZH
LT, BRDOAE. BIREDERAELGE., REEZET HRERFDLELL, TITE. SRORK
BIZDWNT, a) T/ RADFER, b) B, MOMHBIXIFER, ¢) BTT, DT X(I BIR, d) #HFE
BEBEER. e) TNAADHRAEERHBEERICOVTERT %,

a) T/34 ZADFR : ABHR VS. EER
1970 ERZBEMN 5 1980 ERMOIZV V=TS K9 Z v ) THOALIDERE T TOERR
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Sk B/ NREERIE, ERETELICTHBOEVWVRETEL AL ELERENERSINMNIEERE
TEHIENFEM SN, FFHBRTLBRREBEFEHR LR L TEDLL LGNS -EPEMMNE
TORBRMNEZICHEHEBRTHLIERL. AERROBAN SIREEDELZLVDTIEELIMEWLS
BERLHSH. TNUBROHRICEVWTLREOHBERABESNATEY . ERA~NOHAFIIBLTL
%o COEIEHRNIZK LT, DEFBECMRZELRICR T L=, tERHICEVEAMIFTE
HIENRA Y TOKRBIRA/NIL— VR TR EFBBIRERZ R < L. DHEEEEEICE > TIERISR
BHDZERL HBASICEFENZRI/DIRLF—DRBERFLOREBIZEHKITIEVSER
tHd. EFEOHRTIE, ERRZEZAVERIAGHERT, XBREN/SBCLGLIBHERLBESINT
WEH ., REMNGRRBIESEOBRMRNSOHREIZFE LN TS,

BIRRAR Y TEBLMRIE. DBORBOEZEEZ NS VLGNS ILHBENEET 5, FHIC,
EEDREBMSHRM L RBARICENY 55HE. DEQIME - tRICL Y. R TRIEO~NY FED
EHYZOHRE. REOEEAREL., BIREICKRBREND, £ DEOCHEBICEL S TEER
BELESEEI L0, REBIRANIL—UROTE26AT 52 LT, MBS #1839 2 EANTEE
Hb, COISLHREBICEDIEZ, BERRAR Y TICLSRRMHITERERIRTH > TRLITFFEF
RCTIEBVWILEZBEICANTECDENHD, LML, RPEELFALREICEVT, BRLHARE
ZIZKEBRAZN L THETELAVE S HRET. BIRERRISEREZMICEDL S LRREEAE
AHTOI., EDOLILGTBERIR - RNNEEZERTILENHDIDEAL S50 BRITHA G,
KECERINZEH UL TIX. 2000 FEREAD & ERTRERAR > THBBHICERRICEAIN D L5124 Y.
SHFETICHREN 6 FH. BIRETTERLTVWSEELFET S (Jarvik2000), i, EHE
THFE ST DuraHeart PRAMZEEHE TSV —TF 2 K2 =vy D CorAide PEMT =
Z 7% VentrAssist MERILMBARR Y TELERRIEAICA o1, §BE TICERRAR Y T TRIRGE
METO-BEIBEICHEILTEY., FROHEOEELRESNA TS, ULEDEEE., RH
BEELDALEEDRRIERARR Y T2ERAT OO TRLEI T TUORERVRZELDES
SM?EMNETH. EVAHEART DERIRARMNIGEY . REM - AIMUMNULE S, 2 2DOEEFILER
LEEFROKREICHE 1=, SHEDEEBIRENTHELTLED, BBIRFTHY. BEH
BN ESNEDLEETH S, BAETIK, EFNBNFZTLTHE-OREDERKRARIIRETHD
A, REMATCH AR D & S ITERER BRI K 5 1 F. 2 FAFRZEFEANICHET S LT,

BRREZNLGHERERODIDEEFILBVDEASIN?RE. XKETIE, 5 2 #HRAILETHD
HeartMate—I| (EIE5A RS —ZMBERNITREN-EZITTXET SH) ZHL. REMATCH#HE LD
HEEEBRLETL TS, LML, TDESLGHERMRNBEZDEEDENGEEEZ S8, R
MICEEESNAETHEINEINTODVWTIIRETH D, BEANLGLERAEORER. ExmRT/\
A ADBEDER - RONEE, BEOEEAEFICHARERE, MRERREE, flEAEGEICET
LZHAENEOLN, FHRNEAEMENBONDZEDTIERLNEEZ D, BEDEZL-HODEF %
RELEEOERZRHT ION. ERIRKETLIELLTCEHOFEGTRHGELNEEZ S,
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b) B, MR, RIZLEMR

EEODTFE2EEON. #1 20-25%[FALALE/ESI EEOLNTHEY .. MLNSANRXPLEHREY
AIDRBEZEDESLBEEDLEOITRETHS, LML, DEEDCEENEENLIHE. EEHRE
FYLRADER AT LNEL TS, DEOHE ., £EBREATOEBOEDAAIX, DERNTIE
CHRMBHRGEEEHCEOICAEMTHAN, DEEZHE LGS, TOREIEDHT. BHEIZHE
EMNTNARITESD DT LISMIEHE L, ZREEEXD Cardiolest LELEFAEHIAHARKD
AbioCor [ZDBEBE~D TN vP, ZLT DT ITBVLWTZDAMMEZRLTLSN, 2EBRE DG
A, BEOEGEIATDEBOMEIC2ZEMICKELTEY., REREME. FUMORERIVETH
%, AbioCor DFHEIL. RV AZEEINBEIIET, K2 FITEL HighQuality &
EERE LI EWDbA TN SA, MiKREME TEE C 2 MRHACREEREMICITIEEZRICE
PoRRTHY ., SEOBEBLZETIRETHD, Fi=. FHOEATLEKRDICHLTHIELE
REBREROMBENEENDS,

126 3iA# =K Novacor 40 HeartMate—-| E#kI1Z. AbioCor £ 7 7 RARBIZIEREFYKEBRE, 1o
EINBRUE SN TNA RIESHEVETHS.EATEHEND 7O Y bD—DTHS Aisin/NCVC
DEJ[RFEEZE, RRAZOD undulation B ERRERERAZDOEIEMEEEE O X T LOMF
ENETLTWD, FRG FF—BEZEZA 556, 2EBREALORBDEBEICRH SEEN
BREBEETHY. SEOMERMOESLEICKVWVELIRBREHHFETLHEATH S,
EREDAEEFEON, 15 15 80%DEFE, EICELFELZEITH. —EOLEMHBIRY
TITK Y RRBEORE. DEEORENEFTE S, M, ELEHRAHFR. MAKICEA. I
MEHEEZ R T 5T /31 RITL D DT OEYARE. il - HEBECEGTFARLEOMEERICEK
Y. DEEEDEE. FEOBBEANAIREICLE S EEZ D, DAEBREDRBED=—XITHET 57=8
[ZIE, HEBROERREZSTEH LT N RAFE, TLTENLZAVARIZENT, DFEA
H=RLDBERAEELTHLVVABRKREEILITELZLDTH D, T/NM RAOEBAHL S, et
DOBE. EREHEM B OB, MAMED R LOFIEAEZOREINARERE T/, RITKDEND
FETHD

¢) BTT. DT. XILBIR

BEABRICEVWTLEBEETCOFEAKILIN00 BZBZITEY .. ADEICI- L 5BEERITIAR
ADRE., XECHELTWELDTIREGLMNERET S, BRICENTIE, BEORREG LG
BEICEWT, ALK S DT NBAES iz, RKEBFFIX, DT Df=HD T/ RDEIEHAEE.
Z L TRIRINE 2328 7=, REMATCH study M#ER (DEEHE 2 FEFER 80%. ATDE2 FEFR
28%) IFIDBBIEELE T D EFLEFERDPBHBEEFIEARVA, T/ RAORR. HREED
WEFTEFREZIALLTWS, EVEIZEITSH BIT BEICEITSH 2 FEFRITKED REMATCH
ULDHBZROTNSEENCHIL T, RZG FF—FEOBEZAASEMNEITE T, A
TS & D DT FEBDH N DIREBEFERTREXGLAEEZ S, BITODT LSHZH, REAEED

20



FEBED QWL HEXBEIC. BEMICHLWVTNAS ROBKICAZBEZ LTZITAND K2
O TV RETRLGWESSIMN? ZED—DDAEN Bridge to Recovery (BTR) THY. DT %
T HRREICE VT, EWAR M - ARBE. BEFARCT 7z L—Y A G EDEIRMGE
BETL, DEOCHROBROBEBWLEEELZRESELIZETHS, DRI/ EETNET /N1 RIF
BREL. FHF—»rHAEBEETINT NS RIIKELEZ DT 26KiT5 2 L LA FEREL D,
CHOEMZERT H=-0I2F, BHOAAK, B2, REMAMZEL. EHREICEALEBERR
SEBMBATDREORRETEIVETH D,

d BEERLBLEER

&L, B (ES) #1E - HMed €, Ml - HzEE L. BETHHEBIZCEEER
DRRAHAEZ BV TLEH, HEE - MEBBICEREZEL . RERICEMETAETHY .
REMABICIIEZLGCTREABLAVE VS HEEZBA TS, -, MEETHRREZET 2FE
L2V, AIDRBEAVERBERLMET S LT, DRNAABRNATEEICA S, VAS THEZEE
BEMIBLTRE, HELLHFMEROLHY— b EBELELY ., NEEERFEEAT I LIS
FYIDBEEEEET IRAERIIBRICHAESINA TS, COLSURMEEREERT 50T R
2 - BYEVAS OREEIDHETH D, NS EBENFEL T, MEEERDAIREIZLH DS,
ATEBORRKICIE. AIFMOAEEBLTIATRESR. ATMEERBRCERE 2HAE
HERNAT)y FRAIRSE, EAMBEOACEDZNIFAIRBBOZEZINH S, BEOHEE
BT AIMERME L TROHDREBHZEST L TEKRBEEHEEZHR TS, N1 Ty FE
ATHERE. HIZIE. ATER TR, B0 sHiazesFEICEET S LT, RERGEINZ
Y. nNAT)y FRETIR. ATECHERZREL, R ZRRSEOLRAMEREZELYT
AN HH, ATDETIE, MAREMEICOENRMREZEREL. MB8T5 L ThikE
AMORLZRIARLEDONT NS, &L, BFDERARAREBO—DTHSF/ 70/
—DAIBHEADGATIRMINTWVID, T/ BEEHTHHH. D FEM-L2MEEEHE
DWE. ERFHIEMHOBERICKDEMARD ageing TOERITEML. AIWMZEHERAL. “£&
EHIDFMELTONRAMA Y IHHEZRBLE LEERMALRES ORBLETHESIZES .
BZIE, ROMEDMEESE - St - FEIT S LT, FEMICIRLZDBHRERYHEST L6
BEICEETHA S,

HMERMOES. ERBTOXRAMAE. REETOHABRLLEICLY .. EEZT L TWOL ORLICHEF
L7z MED=Z—IX~ADOHREH., FRADBEDRFIBLEDH I LEBENTITE LAY,

e) T/ ADEFRT & ERMBEE

RERETNA ADBRKRISANIREY . FILOBKARZRAT LI ELTVS HILLWTNSARX
DARLRAFERVEEICE Y EHIVABRBBOERRANDEHRBA, T/ XADER, BEBDRRE
LTHEROBEEEGEEZSEMICHRTI AAFNERBHIHALICLIYEED QUL MEZBEL
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ERGBHUERDREERZ L TERBRERORRNMAFTE S,

BHHTNA ADOHRERAEIE, MFEE, TFEZLTERREOHICAL—ATLYREEEZ
EBLELTHEIRETH D, EVEICEVTIE, ERRBEXZEZRRSELL-OICEL - LEBH
BEXDSANLETHAHN., BEATNARICEL TR, EHNGRBETTETHY . REHM
BRE - REMBEELER D, oo TS RAOWFEFEREZFTEL ESERIS, BIS, 797
REFMEZREITRETH D, COT7OTAFFMBICHEITH5—X . EREFEEOH -1
SAZRETDHIDELS5, AA N FBEWVS ANERIE, RETERECEALZT/AM ADEH
EEROTULDZ EITREELELY,

HFLORMARBET NS ZORE. EERVEREEOLODHA F54 VN HLOLVEEDOS A,
TRERAERVEERICEN D, - BEDTNA ANERMEHREICENTEETEZ > T =
[ZIE. Z0R%E - BERBEADLETH S LRKIC, BRFDAFECEED T —2 X— XD EEH
BB EHEIITRETHD, HFILLWTY /O —0HRAFIEICHEELEEAMDERLSRER
THD. 2T, SEDFER-BED=ODHA 54 VEKEIF, RERBERELSEOTRZFHF -
BEICE T8 E LT, EREBEZOFEMHEICENASZ EEZHFHIT D,
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5. A4 34 VRERR

S5 1RARHAA FSA4 U DIRE — AMI-TIR26 R T IS0 14708 [Zxti S €T

BEDORELHIAAERHESE (ATDE) ~DEREIE
— AAMI-TIR26 (5~8%F) KU IS0 14708 (6 &) LDEEMHZEZEELT

(1) ERY 2EAENEMRTER

1) BERDOHEBICOVWTIREZELERT 5, MR E L TEARANTRICHAICESDAFENT-, HER
BHHIVIERREOFENAILRBERRE L, DEBELGVLEEFEFTOITY v OFER. H
BVEHFKAMERANZRESNAIBEULORARAICTHA S LD ERNRET 5. BHEEEMR
BALDELEVFERICIEFRELGDITHAS bbb, ARETIEHHERELTHEKS,

(2) AMIER (human factors)

1) B, BEBELGEDOFYYOIRE., &EICKIEMMTEERE, EFESEELGEICKL > THRE
IZFREEZELLGNI L,

2) MERGENDKIENEIL, REDREEZLICE >THBICTREGZLELG NI &,

3) MR CT DIEITT, WBICTFEESZE LGN I &, (RA¥IE TEEMUEIZERT LN,
DREENFAERMBFDRE] OEBICEERLTHLRLY)

4) BEDOE FOEKRGOEREICL Y., BBERVEREGRIC. FTEGZELGNIE,

5) HMIAEBEBERUERSA4 T4 VEHNE FOKRBICEHLTULT, B, BF. FEDEA.
BREZELGWNI &,

6) RYTRUBRBEENDETRTIRINZERANTHDHZ &,

7) AMEFDa Y OS5, BEEJFLERLIKREISIRVEETHS L,

8) Ny T —RBDBRENEETHA I &,

9) FSATSAVENHIEEICIE. TOERIRBENELCLTIVMEETHDIZ L,

10) 75—L (BR2EXG) : @BAILEZZOFEFOREBTHRE LEESIZELVWFRESHE
BICRABRLEGSBEIC. 77 —LTEETSHELZHRADSC L, TI—LIEIFEEGDRE
., NEZHAEICRTL., TAICHT ARLBUGERICHENTZ a7 ILICEESATNS S
Eo FELBENMNZICHLHENES, NETELENEET HAETOLREMZHERT D
Z¢&,

1) 20, 75—LIZDWLTIE |1EC 60601-1-8 DIRFEIZEL B,

(3) Ry THiktEsE

1) EEERARY THEEIZ DT > IS0 5198, Centrifugal, mixed flow and axial flow pumps —
Code for hydraulic performance tests — Precision grade [Z# L 5,

2) EFEARY THEEIZDLNT  >180 4409, Hydraulic fluid power —Positive displacement pumps,

motors and integral transmissions — Determination of steady-state performance [Z#
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%o

3) HEE (MERKENTEATRIERER)  BEOBEEAREEINY THL, BPOEETH
BRTELRVREICRT 5, MRBAMHFMMOFrvET—2a VEHELREZBME LT, RER
ARERELERNTREERZAV TR/ —VOBRFETSIIENTES,

(4) FEVEMHE
IS0 14708-1 TIX. REBMEAEBREBRINMARNICEDRAFTFNREBIZENT, BEEGZRU 1 AT
DEENFE LI-RET, HBEOREEEIXKE Q7°C) MoEELER 2°CURESN TS,
ALDEICENTIEUTOEY £F %,
1) ATDEMMESRAENTREIZENT, ZFRAFERBICETZRIFSHVI &, HITEDHA
ENFEMLICE T HBEEBADHZEEEE L. BBEREATOARY FRKRY MK 2 BATHAE
HBEE I RELLENI &,

(5) EXmLEeH
BHIAHREEHR. RUEABREFOERNZTEMRBEETI S &,
=[SO 14708-1, Implants for surgery — Active Implantable medical devices — Part 1: General
requirements for safety, marking and for information to be provided by the manufacturer
- |[EC 60601-1, Medical electrical equipment — Part 1: General requirements for safety and

essential performance

IZEL 5,

(6) EBRIREMILM (EMC: emissions & immunity)
WENZTLIEETLEZLESE. RUTOHEBREHICELTED S,
- |[EC 60601-1-2, Medical electrical equipment — Part 1-2: General requirements for safety
— Col lateral standard
« |EC CISPR-11 (ed.3.1): Industrial, scientific and medical (ISM) radio—frequency
equipment — Electromagnetic disturbance characteristics - Limits and methods of

measurement

IZEL 5,

(7) te2RHIHE
AREEHE TRV OFRIZEBRIATOHTH KLY,
1) TRNZTIhOBBRCTEE L HMRELREICHIFTES I L,
2) BN RLBRRICEDIRIC. BEBMHR by ABOLERMY SV RICKYEIESEREEZRETE
SEMBEBEETH L,

(8) MAHIAYTaAy b ATME - ATDEF - DEH D

1) BHREAEIYT A4y FIE, IS0 7198 (Cardiovascular implants. Tubular vascular
prostheses) ICH o f=5F I T EIND Z &,
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2) BRALE I TaA vy b ATOE - DD T(E. BELGIREICE > TREBICEELGERE
FLIEFAENE L YZERZRVRAALZYTHIENGNI &, +RHEMEEEETHLETR
FTOIZIK, PEENIRKEEZBA-FHETHRI S &,

3) MERY TRUEKRDOIKEEDETOEEEIL. 515RA. A lh. RE). LY RY
= ILOHFOEEIZOVWTOFENEShE I &,

4) 2ToEGEEIEX. EHEZEC LEIMBEEICHU D LS LRBHEBOCEREN LN &,

5) EENDODAIRIE. XAA FT4 VOMAM - EEEICEATIHBO—ME LTHREIN, &
BEEOEBEZRAVWTITMIND L, FELAIREREBECEE THETE A TN,
FOHREVATLEITIRIL LT-IREET IS0 5840 (Cardiovascular implants - Cardiac valve
prostheses) I > TEHMEIi L. ZDFHEDEZMZRT ZETH KLY,

(9) &MREM
EEMEEOEYFERETMIC DL TIE 1S010993-1 (JIST0993) I[CHRESHTHY .. ATIDMEE.
MREMOAERNEHIAA SR EDESINATND, LE=A>T, T IS0 [2#EHY 5 &, TiHERIE
BETIEMBEESND,
1) RET N E T EZFTMAR
M=
RAEE
RIBMER TR ARG
5 (%) =1
BRERVEERMESMHE
HEinEH
184
I & E & 1%
2) BT N EHHE R ER
igrEH
EMNAM
3) BICHEBHAHME E L THARBEDHAIMHEH DL, HHAHMBELTD IS0, JIS FD
BBICET2EYMENTEMRERZE- L TLAMBITOVTIE, EEOHHHREBIZOL
TERBI S ENARETH D,

(10) £&KREEM (EIZ in vitro FHER)
AREAMEEMIZ DL TIE 1S0 10993-1, Biological evaluation of medical devices — Part
1: Evaluation and testing [T 5%,
ELIZMRESMEEEMIZ DL TIE 1S0 10993-4, Biological evaluation of medical devices —
Part 4: Selection of tests for interactions with blood [C# L %,
EITAEMBMEEMIC DU TIX ASTM F1841-97, Standard practice for Assessment of

hemolysis in continuous flow blood pumps I[Z# L 5%,
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(11) invivo§ffi (> RTLEMMEER)

1) YRTLOEABEMEEEDREMZ+HICEELETONI—L, £T—4 ., BEIEHF. &
UHREROMBR - BXEEHI D&,

2) XEICERATSEEZAONLIEECMBRERENH>TEELLEL, TEED] &IE. 8HD
AMEENLEYKRBELEEZSIZSECTLISAEREET LD EERING, SEOMEER
EIE. BEDHEEREERUVREMRICEVT, LTERINZ& S BBRRMICHERATREAZLAL
DEXIIREEEZ5ISECI L. ERFIRECMOERLEICEL > THLHEIHTELRUVE
#H. BYMORELTBLSENMELELT DL LARETEE, B LEICL>THREINS,

3) BIMERMEFIRECIEOBLULNRETHIEEA NS, EBN—FF1E—>3>
NDERLEEL., SEIOOHULOHBAVETHULIRHZITSI L EHET S,

(12) F%8%E (MAHE)

1) PXTLOEEEK. ROLSNEH EIF. B’ER) ITEVT, BRETEHIVRATLELTD
WEEZZRITT H-OICWELGEHNTERT, BlI6, Reliability & Confidence Level ZZFERKT
BI-OICRHELGERTERT .

2) MAMEREBRDARSEHE EHRICDONTIE, &IEPR 80% reliability, 60% confidence level T
6 y BORBLADLETHSIN., EEN—FF/E—2a 0B aL#EL. 80% reliability,
80% confidence level T6 ALULDRERICOVWTHRNT S EEHET S, LHHARIELE
DEFHHTL T, 2EFRULEETEENLEELL, HBOHMEEEBEL T, TRESEL
LTHBREHDEREEITSI L LT S,

3) MAMRBRIREEX., A, RE. HEME. pH, BE. ERELLEOEEZMEHOET/NNF —
VEMELTREST DL EHET 5,

- (&%) 80% reliability, 80% confidence level TOHERE %K

EEMIES Reliability Confidence level HEREH
1 EDHELHSLRWNEE 80% 80% 8 &
1 BEOHEEZHF LGS 80% 80% 14 &
2EDHEZHFLI-BE 80% 80% 218

- (3%) B 5 confidence level TOHEBREHK

gz Reliability Confidence level HERSH (1 B&fER)
ASAI0-STS 80% 60% 9&
REE 80% 70% na
REE 80% 80% 145
REE 80% 90% 185
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(1 .3) ERERET@
EREREAZE 7’0 b aJLik 1SO 14155-1, 180 14155-2 IZ# L 5,
Uk
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5.2 BERBRUKRELDXIE — EKITABRAIBRERAA R4 2 EORE

UTIE, BRAALESRZFER TEEOTF2ITHT 28REB[OMRHARA A K54 21 DOEERRKRER
SIS LEREFARBTH S, THRER THREGHRZTT

EROREIREMEEICOVWTIHUTOL S GHEBREEOFM o LEL SNHEBE ZERT 5.
| ¥ ErIItRe

-1 R TgE

1) EEERAR THgEIZ DT > IS0 5198, Centrifugal, mixed flow and axial flow pumps —
Code for hydraul ic performance tests — Precision grade

2) EFEA Y THEEIZDLNT  >180 4409, Hydraulic fluid power —Positive displacement pumps,
motos and integral transmissions — Determination of steady-state performance

IZEL 5,

FEER: [NERRVTEFEHEKRL T, EFEERRTEBBRER T, FOHEIZRUTELE
WRY T, BEDLFILFEDHALY, Cavitation test IZERIIZHRHT ZDOTIEEH L ALY,

-2 SXTFTLOWMAE (I 12%9)

-3 MAHIVT a4y FOBBAMER, ATMEDMER
(RAHILTaAy b - ATHE - ATIDESR - DEBHIELZET S : EHES)

1) INEDETHON—VIE BHEIZIE LT I1S010993 (Biological evaluation of medical devices)
[T =EMEMTEHTFEN G EINE I &,

2) MAEFRAEILT a4y bk, IS0 7198 (Cardiovascular implants. Tubular vascular
prostheses) I > F=FFliN L End Z &,

3) MERAKEIAVTaAy b ATHE - MEH Z1F. BELBIREIZK > TREICEELGE
BERFABENELCFYERKZRIGAAFLEYTEIENGWNI &, +RERERERET S EETRT
F=OI2F, PERSNIEREEZEBA-FHTHRI S &,

4) MBERY TRUVERDOIGFRE E DL TOEERIE. 515k, KL, &KE, FHhEAY, RV
D—ILOMEEOHEICOVWTOFMENEIND I &,

5) 2TO#EHEEIL. EMEZREC LEAM/NMMEBRICHE U D & 3 GiREBEROEREN G
&

6) ZFENDAIFRIE, KAA R4 U OMAY - FREMEICEAT IHBRO—8E LTHERS N,
BEEOEEFXAVWCHEMINDII L, FELAIFZREBEBOEE CIMTEHTNIL, %0)
FEIVRATLEIEMIL-4KET ISO 5840 (Cardiovascular implants - Cardiac valve
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prostheses) IZfE > CEHMI L. ZDFFMENIELEFTRT ZETH KLY,

-4 ZFED L —)LitRe_GREHRICEFNLIEETH D)

I-5 WKL Et (RS - BEHBRGE)
-6 % #

AT DEEAEDAFENREICE VT, REAFAEBBICEETEZRIFS AN &, HITEDRAFEN
=EGLICE 1T SR ERBADHEEZERE L. HBERETORY FARY ML BN GHEBES
AFEELLGNI &,
BHRAARETAIDRBRETORY FRAKRY FOEELEREZRESERBICMA oINS L%,
REURIETO in vitro EHBIAD, in vivo RERTOREE RN, RLCCEMUEESH-Y OMEBRAIA~
DIERENTRIET D ENEFELL,

ZEER : 180 14708-1 TIF, BeEEAEBMEENMEARNIEOATNIREICENT, BEELZK
U1 WFOEEAREE LKET, BEOREBENKER 37C) MAoEELER 2°CLUIRESNT
WA, BEICED D,

ZEER: ReREZ.ELRLURLECILITELN, BRICELNHHDT. EEHELEH
BED A2CKRFEE . AMETRET 2DE LA,

ZEER EXE (42 E) ZROIDEHLVDOTEGLD, GELGL. BIMITEDRAATZKE
THRY FRARY FOREZRLDEBZTHELDSTHD, in vivo BEEROBTEICIEDHAENT
W=BRERD1DTHEN L. EIICEENHNESHSET THS, BEETRELEZLDOTH
niE, FETIRERBEVSI ZEICLEANEL, YXORKEEIOETHLIDT., 22 ERFE
ULy,

ZEER: Invitro BB TI VGO ENERET NETHDH, RATMIIHREREL, B
EEH-YORBRETIRITNE, in vitroFFE LT LMD LA,

ZEER L. ARELE. BEMBMERESTVI LEZZGLTRIERL,

BER NG0B 1EZELT. SHRICELSE 2EHZHIRYT 5,

S
‘o
et

|-7 HIfEntERe (HaRHI1E) (WROBIICbEFENDS LEZDOND)
AREHAAXBEBHRBICEAL TE, TE2HRRNEBORAARFEFEERT7T—TILEBEICLSDEL S
ML - THIBARXNEL D,

30



1) TERREDAARX AT L BREEICKY ., B8RP, BORGEALETELEN
EFELL, FLEARAETN-HBOFER. NBR. DI BREGCELNRY HE ., HEOERK
HWMBIETEDENEFLL, BREEEZE5AY. RFLYLGWI L,

2) BRT7—JIVICEHERBEHNE : BR7—JICarvEai—2%ZEEL. KROEBFDE
RIS, BB CERGBHOFENTE S &,

X

BER [ ZhZFNOHBR CEREL-HUREFZREICHIFITESLI L. EBRICTDE, D
N, EEEETDAVTF VR - ) —%BHLTCIAITHEETH -,

sBH

BER  #BENRERAICEDENC, HHMR by NGV LERKY S v 2 ICK Y BEEEZR
ETEOMBERI D&,

}

FEER:  CORBIE TYRIDH] OFTHEONIE, TRTEIVDTIEHAZWLS, RHTERZIT
TAHI EIFEN,

-8 BRENINIR R TABDIERE

-9 ZHMOEFRE_USO[CHHLETAMNERICEDH D)

|-10 Computational Fluid Dynamics/Flow Visualization

U1K THEEDHHEEREE L. BEAZRERAERTEARIEERET D)

1) B8 BFEOBREFARELENY THL BPLEETHRTELGVWREICHT 5. IFRES
HEHfCF v ET—L a3 VEHEG EZ B E LT, BIEREBIRY - F-ERNAHRIEERZH
WTIFR/NZ—VDREETIENEFLLY,

2) FE  EELBUERKRFRFICEVTE, BEREMIODNAEZY I FOIT7EEATAHETTE
{, Avavzrlb—Yary, @ER) BRETILORR, BRAFEDOREICE > THRTBRL
BE2DT, RV THBELGEGNEEHNETORELZTOTHLERTHENVETHD, it
NEARIEERTEBEMORETOREZT FH, REAOZECETILRRO, AEHELUEHZ
-9 RREHZ, EHICREITAICLENDETH D, BHERR - BNREIRTOEELENE
RET S,

ZEER . WwEHEATHLRY THERBROMFEBRET .

. BRMREN

-1 TRh B
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[1-2 mEEHER

-3 BREE

-4 BHKEE (HERZEHIRERIMEER)
BENZTHIEFLHRB[NEZLEFICET 5,

- |EC 60601-1-2, Medical electrical equipment — Part 1-2: General requirements for safety

— Col lateral standard
« |[EC CISPR-11 (ed. 3. 1) : Industrial, scientific and medical (ISM) radio—-frequency equipment
- Electromagnetic disturbance characteristics - Limits and methods of measurement

IZEL 5,

L. (S5 - 2EE ARWOEERAFEHICOZERZITD)

-1 SR T Lt A

EERREBRDIESH E L T

a) FDA guidelines(1987)

b) ASAI0-STS (1998)

c) 1S0 14708-5 = (2005)

RHY. BBIEUTOLSICHE>TLVS,

- FDA guidelines (1987) MECuk Tl

4.1.3.3Reliability objectives: Depending on the proposed indications for use, the device
must meet the following objectives:

Short term: At least ——— devices must be run under the specification test conditions with
no more than ——— failures over a period of at least twice the intended clinical implant
duration.

Long term: At least ——— devices must be run under the specified test conditiona with no

more than ——— failures over a period of at least ——— years

- ASA10-STS (1998) M &k Tl :
1.4 Reliability Model and Sample Size:
The Weibul | model is a good choice for reliability work because its distribution parameters
can be adjusted to fit many system life distributions. (FEg&)
The minimum in vitro test sample size should be 8 systems and the probability of acceptance
(Type |l error) should be <0.20% or a true system reliability of >80%. More systems will
reduce the |ikelihood of inaccurate results, but the costs may become prohibitively high.
2.2 Test Operation Profile: The device operation should be cycled to simulate periods of

normal activity, exercise and rest, as appropriate. Test conditions (e.g., cycling intervals
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and flow rates) should be individually justified by the sponsor based on their device and
its intended use.

2.3 In Vitro Reliability Goals: The Sponsor should provide test data that demonstrate a
calculated 80% reliability with at least 60% confidence for a 1.0 year mission |ife for all
systems tested. The reliability demonstration test should include a minimum of 8 systems

that run for at least 1.0 year prior to initiating the IDE clinical trial.

- 1S0 14708-5 Z (2005) ME2HR TIL :

6.19 Reliability: System reliability is defined as the probability of a system to perform
its function for a specified period of time under stated conditions. (For example, the
demonstrated reliability of the VAS system shall be X with at least Y confidence for a Z
year mission life.)

6.19.4 All implanted components shall be tested in a physiological environment (such as
a pH buffered, temperature controlled, saline filled tank) and operated within a pulsatile
mock circulatory loop. If a pulsatile mock loop is not to be used, a justification must be

provided that lack of pulsatility will not invalidate the test.

F2EFEERKY ¢

1) THAMRERE ISR 2RI E D E, Reliability 80% Confidence level 80% & 7% % ERER

FEDREWMBET S, EAEHEL L TRIETENILSEDRBTILD., 1 5HELXHERT D

ZIX1 4 EDRBNIBEELELS, CRFEBRBN—EFAE—2aVICE8BT2ARETFEINS,
2) MAMRBRARM L., RHOBREANARELZ IV v OHERAEZEELT. 6 vAZHET L, &

BRABRELTERT SIS, SoLIBREFANPDETHLHN, BRBHBLE LT 2FMAREELELSDT

H55,

3) MAMREREHIE. HBME. MAK. RELLEZEBEFMNEHICTELLTERSIESLILE

HES D,

AT LOEBEMEE. RO (B, RE) [T, BMETEHIRTLE L TOHKEE
EETTEEOITRELREHTERT, Blb, Reliability & Confidence Level #ERT 5101
LEGEHTERT,

= In Vitro A ER: &IEFRE 80% reliability, 60% confidence level T6 » B A%
ERTIDENHDIMN, TEDFEITTREMICZET S 80% reliability, 80% confidence level
TO6r ADMARBREERT S LEHET DL, GRHRRITOFFRHEL T, 2FULERT S
CENEFELLY,

HEMIEES Reliability Confidence level | :iRERE %K
1 EOBELHFILEE | 80% 80% 8 &

1 BOHEEZHF LGS 80% 80% 145
2EDHEEZHFLI-BE 80% 80% 21 &
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- System components: BMI&E T SHEEERITT 5-OD VR TLERRMETZED,
- TAMRE  ABEFNRETCTOTAMNEELL (pH, BE. EBRELRE), BELEHEAA
AEHEBFREREERERA NS,

TRHROXRZEET 5,
g Reliability Confidence level HEREH (1 &ER])
ASA10-STS 80% 60% 9
EES 80% 70% 1
EES 80% 80% 14
EES 80% 90% 18

CIRUAZLL, BEHELEZLBVENAHANT, BEW EDTVELENIBRELRS. &
T LLHEBREREBTHERL TLEL,

"6 hAMNEREVSDRIERBBICHESA. C0 [TV SERLELE6HAL (L. SEORE
BETTLBENMRIRMR EG Y, BIEROEMATHRE G o TS ERIEBEL TS, EEE, B8R
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[EH1] : EHFHREMRBROBER
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(1-1) 1S0 10993 Bj:&
MRS MEEZKERIEB (26 U T, Pump & Conduits & LT, & E# & L TEEE % £,
« Pump & Conduits CTiERL1-IER ;
Cytotoxicity, Irritation and Sensitization, Systemic Toxicity,
Genotoxicity Garcinogencity and Reproductive Toxicity
- B3#F (metals & polymers) THERLT-IEH :
Local Effect after Implantation, Selection test for interaction with blood,
- Pump TEABR L1-IEH ;
BMmEER in vitro
(1-2) AT NA RZEAEBEDHHMHERIR,
- TILELITTIEEL, th#td LVAS, R—XA—H, AIH. AIHLE. ATEE. OFERNIERA
LZECN
- 1S0. HBWEFDATY R b7 v TINTUL S EERMICILER,

(2) TNARELTOEMENLREMN
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DHIFEARTRIFEAERESATELT., F. FEREWUFEDOFINFLAETH S,

V-2 Stk
A MELER (L ASTM F1841-97, Standard practice for Assessment of hemolysis in continuous flow
blood pumps IZ# L %,

V-3 £AEEM MmEEZEET in vitro iHER)
ETOMmMEREMERUOMEBEMEDOEARESME, IS0 10993-1, Biological evaluation of
medical devices — Part 1: Evaluation and testing IZ# L 5,

IV-4 In vivo sFffi (ENHRER. W6 DEERRFFEH)
1) FEERERERBRDIEE & LT

a) FDA (1987)

b) ASA10-STS(1998)

c) IS0 14708-5 = (2005)
AHY ., BRELUTOLSICEL>TND,

- FDA guidelines (1987) Midih TI&k:

4.2.3 Protocol: A scientific study of the final clinical design is expected to accompany
the application for the investigational device exemption (IDE). In vivo testing is expected
to demonstrate both durability and performance of the system as a complement to in vitro
testing. The device must be tested in animals for at least twice the expected duration of
implantation or, intended for permanent implant, must demonstrate operation in vivo for a

minimum of five months.

- ASA10-STS (1998) M &k Tl :

3.1 IDE Performance Goals:
An IDE submission should include documentation of continuous system operation of the device
designed to be used for the clinical trial in a minimum of 8 animals for a duration equal
to or greater than 90 days prior to the initiation of the IDE clinical trial. |t should be
pointed out that additional animal studies should have been conducted previously to answer
specific questions about the suitability of the design (e.g., implantation procedure, seal

integrity, etc.).

- 1S0 14708-5 = (2005) Tl :
6.18.4 Test system: Implantation period: The implantation period should be appropriate
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for the intended use of the device. For a device intended for chronic use( > 30 days), an
implantation period at least three times longer than 30 days (at least 90 days) is appropriate.
Even when the device is intended for longer than 90 days, the information that can be obtained

from this animal model is complete within 90 days
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AAMI: VAS and TAH, TIR26:2000 (B %)

1 BH# 6.7 WHWOREEE
2 xX# 6.7.1 EHEVIRIAZ
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6.7.2 AIME
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ISO 14708-1:2000(E) : Implants for surgery — Active implantable medical devices —

Part 1: General requirements for safety, marking and for information to be provided

by the manufacturer (B X)
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7. X #

1.1 51 A& (IS0, IEC, ASTM)

1)ASTM F1841-97, Standard practice for Assessment of hemolysis in continuous flow
blood pumps

2) 1EC 60300-3-2, Dependability management — Part 3-2: Application guide — Collection
of dependability data from the field

3) IEC 60601-1, Medical electrical equipment —Part 1: General requirements for safety
and essential performance

4) |EC 60601-1-2, Medical electrical equipment — Part 1-2: General requirements for
safety — Collateral standard:Electromagnetic compatibility — Requirements and tests
5) IEC 60601-1-6, Medical electrical equipment — Part 1-6: General requirements for
safety — Collateral standard: Usability

6) IEC 60601-1-8, Medical electrical equipment — Part 1-8: General requirements for
safety — Collateral standard: Alarms

T)IEC - CISPR-11, Industrial, scientific and medical (ISM) radio—-frequency equipment
- Electromagnetic disturbance characteristics - Limits and methods of measurement
8) IEC/TR 60878, Graphical symbols for electrical equipment in medical practice
9) IEC 62304, Medical device software — Software |ife-cycle processes

10) 1SO 5198, Centrifugal, mixed flow and axial flow pumps — Code for hydraulic
performance tests — Precision grade

11) 1S0 4409, Hydraulic fluid power — Positive displacement pumps, motos and integral
transmissions — Determination of steady-state performance

12) 1SO 5840, Cardiovascular implants — Cardiac valve prostheses

13) 1SO 7198, Cardiovascular implants —Tubular vascular prostheses

14) 1S0 10993-1, Biological evaluation of medical devices — Part 1: Evaluation and
testing

15) 1S0 10993-4, Biological evaluation of medical devices —Part 4: Selection of tests
for interactions with blood

16) 1SO 13485, Medical devices — Quality management systems — Requirements for
regulatory purposes

17) 1SO 14155-1, Clinical investigation of medical devices for human subjects —
Part 1: General requirements

18) 1S0 14155-2, Clinical investigation of medical devices for human subjects -
Part 2: Clinical investigation plans

19) 1SO 14708-1, Implants for surgery — Active Implantable medical devices —
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Part 1: General requirements for safety, marking and for information to be provided
by the manufacturer

20) 1SO 14971, Medical Devices — Application of risk Management to medical devices

1.28EXH (EHAHRGEDHEER)

1. FDA : Preparation and contents of application for ventricular assist devices
and total artificial hearts, FDA No. F89-33838 (1987)

2. NIH: Phasedreadiness testingof implantable total artificial hearts, request
for proposal, NHLBI-HV-92-28 (1992)

3 . ASAIO-STS : Long-Term Mechanical Circulatory Support System Reliability
Recommendation (1998)

4. AAMI: TIR26:2000 DD EMMBI R VD EER S X T L (2000)

5. NEDO: ERIRIGAICMITH-ARNIEORAABRAIDE A TLREFMEER IO ba—
JU (NEDO 7B > x4 k) (2001)

6. BAAIERFR  EELLFLIIHT HABBBEOBRKABRTA K34 > (2003)

7. 1S0-14708-5 (Draft): Implants for surgery - Active implantable medical devices
Part 5: Particular requirements for circulatory support devices (2005)

8. L.W. Stevenson, R.L. Kormos, et al.: Mechanical cardiac support 2000: current
applications and future trial design: June 15-16, 2000 Bethesda, Maryland, Journal
of the American College of Cardiology, Vol. 37, No. 1, pp.340-370 (2001) (#az5%)

9. NelsonW, Weibull. Analysis of reliability data with few or no failures. J Qual
Tech 1985:;17:140 -146. (1S %A EEH7)
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E1EMAREWSE (FRI1TE128248)

1. iR

1) BARAILDEBOBEEME, 1 E4F—F0Ed (50%%EHFEXRT) RUBEBIIRTIEA
Lo b,

2) Bridge to Transplantation, Bridge to Recovery, Destination Therapy (. Br &
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2. ET A &t
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2) BARW TERRABRZPDICERFZED D,
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CNETHRAT., BFCESMMERLTELEHZRN G CHE L,

1) FDA : Preparation and contents of application for ventricular assist devices and
total artificial hearts, FDA No. F89-33838 (1987)

2) NIH: Phased readiness testing of implantable total artificial hearts, request
for proposal, NHLBI-HV-92-28 (1992)

3 ) ASAIO-STS : Long-Term Mechanical GCirculatory Support System Reliability
Recommendation (1998)
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1. ASTM F1841-97, Standard practice for Assessment of hemolysis in continuous
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2. |EC 60601-1, Medical electrical equipment — Part 1: General requirements for
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1.0 PURPOSE

This guidance is intended to address the specific information that must
be collected to support the safety and effectiveness of a- ventricular
assist device (VAD) or total artificial heart (TAH). This guidance was
written to cover both temporary and permanent use including partial
support, biventricular support, and total replacement devices. Because of
the broad scope intended for this document, there may be instances where
the information requested may not be applicable or alternative information
may be more suitable. Some of these instances are discussed in this
document, but any questions will be addressed by the Division of
Cardiovascular Devices (DCD) at (301) 427-7594.

This guidance is intended to complement, but not replace, the general
information necessary for an investigational device exemption application
(DE) or a premarket approval application (PMA). These and additional
requirements such as the Good Laboratory Practice Regulation, Current Good
Manufacturing Practice Regulations, etc., are referenced in Appendix I. For
your convenience, a glossary of terms is provided in Appendix II.

To evaluate the safety of a device in an IDE application, information
describing the device, the manufacturing process, and performance data from
in - wvitro, in - wvivo, and clinical tests are required. Some of the
requirements have been explicitly stated, but many requirements have not.
Instead, some general considerations, particularly in the clinical
investigation section, are presented that must be addressed.

At this time, this document is still in draft and under revision. A copy
of this guidance, as well as other guidance documents, is available on an
electronic bulletin board. Through this electronic bulletin board, you can
download copies of the guidance documents, and enter your comments,
suggestions, or questions. The electronic bulletin board can be accessed on
(301) 443-7496. If you do not have access to a computer and communication
equipment, please contact DCD.

2.0 SYSTEM DESCRIPTION

2.1 DETAILED DESCRIPTION

Provide a detailed description of the system (pump and controller)
including design, dimensions, and materials. Diagrams, engineering
drawings, and photos can be used to clarify details of the system and each
component of the system.

2.1.1 Pump Placement

Describe the placement of the pump in the body (internal or external)
and how it is connected to the circulatory system. How is fit determined?
Is implantation limited to patients of certain anatomical dimensions?

2.1.2 Design Features

Describe features of the device designed to modify or lessen the
incidence of c¢linical complications generally attributed to heart pump
devices, i.e., thromboembolism, hemolysis, bleeding, infection,
calcification, device failure, immune deficiency, neurological
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deficiencies, etc.

2.1.3 Operation

Describe the algorithm or modes of operation. Indicate whether VAD
operation will be synchronous or asynchronous with the natural heart, and
whether adjustment of beat rate and flow is automatic or manual.

2.1.4 safety Factors

Describe anticipated loads, transvalvular pressures, power requirements,
and design safety factors. Discuss the worst case conditions under which
the pump can operate and compare to physiological conditions expected.

2.1.5 Alarm Systems

Describe alarm systems. What physiological conditions or control system
states is the software designed to detect?

2.1.6 Materials

Provide a complete listing of all materials used in the fabrication of
the pump and leads that are implanted in the body. Include the chemical
generic name or biological source. Indicate the thermal/mechanical/chemical
condition of all constituent materials in both the raw material and
finished product form (e.g., for metals - cast, solution annealed, percent
cold - worked, etc.; for polymers - degree of crystallinity, molecular
weight distribution, etc.).

Provide information on the relevant properties of all materials in the
condition of the finished product. Test samples shall have undergone
sterilization by the process described in Section 3.3, subjected to the
recommended maximum number of resterilization cycles using the worst case
method and/or conditions specified. Include the effects of the service
environment, as appropriate.

2.1.7 Environmental Assessment

Provide an environmental assessment as described by 21 CFR 25.31(a), or
claim a categorical exclusion from this requirement by stating that
approval of this IDE or PMA will not result in release of substances that,
at the expected 1levels of exposure, may be toxic to organisms in the
environment as provided in 21 CFR 25.24(e).

2.2 SYSTEM DESIGN

Provide a description of the engineering considerations that went in to
the design specifications for the device. Include a description of the
loads applied to all critical structural members throughout the entire
cardiac cycle. Consideration of worst - case, within - tolerance conditions
for geometry, material properties, configuration of placement, power
system, etc., should be included, as well as an evaluation of the effects
of all forming, joining, and other manufacturing processes of each
component on the design life of the device.

2.2.1 Design Qualifications

Provide the design qualification for the console including mechanical
tests, electrical tests, component tests, pressure tests, and environmental
tests. If the console will be used to transport patients, the entire system
must be qualified for this purpose.

2.2.2 Performance Specifications

Provide performance specifications including tolerance of error. This
information must be included in the labeling. See Appendix II for the
definition of labeling.

2.2.3 Accuracy

Document the accuracy and range of the console in estimating blood flow
and other control parameters. Provide a description of the methods used to
verify the accuracy of the controller including assurance that the test
equipment has been accurately calibrated or standardized. Describe
potential causes of controller failure and the intended response of backup
systems.
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2.2.4 Limits of Operation

Describe conditions under which the pump or pump components will fail
and compare this with worst case physiological conditions expected in order
to calculate a safety margin.

2.2.5 Software Validation

Describe the validation of your system software including:

0 the numerical input boundaries of the software.

o an overview of the software algorithm and the methods used to verify
its performance.

o a description of safety features and an analysis of possible errors
and failures (i.e., a failure mode and effects analysis) for both the
software alone and the total system. This analysis should indicate the
conditions that may lead to erroneous information and/or cause patient
injury, the steps taken to minimize these occurrences, and the steps the
user -should take in the event of failure. The results of this analysis
should be consistent with indications, warnings, and precautions in the
labeling.

2.2.6 Heat Generation

If the pump is implanted, quantify the amount of heat generated that
will be transferred to body tissues. Discuss the physiologic heat
absorption capacity in the area in which the device will be implanted
comparing heat generation to dissipation capacity. Under worst case
conditions (i.e., maximum heat generation), what is the safety factor of
heat output to heat absorption capacity?

3.0 MANUFACTURING

3.1 -PROCESS DESCRIPTION

Identify the critical components of the system, describe the steps
involved in manufacture of the device including components, subassemblies,
system integration, key equipment, testing, packaging, and the layout and
location of your manufacturing facility.

3.2 PROCESS VALIDATION

Provide documentary evidence that establishes a high degree of assurance
in the processing and quality assessment procedures used in the manufacture
of the device. Guidance in the establishment of the documentation of
process validation as outlined below is provided in the 'Principles of
Manufacturing Process Validation' in Appendix III.

3.2.1 Quality Control

Specify acceptance/rejection criteria for critical quality control
tests. Explain the rationale behind the test and why the criteria were
chosen. Specify the schedule of quality control tests (e.g., 100% test, lot
testing, periodic, etc.). If an automated inspection or test system is
used, information demonstrating validation of the system must be provided.

3.2.2 Specification Tolerance

Demonstrate that the window of specification tolerances and test
acceptance criteria is adequate to consistently produce a device of life
supporting quality. See Appendix III for a general discussion of process
validation.

3.2.3 Records (PMA Applications)

The manufacturer must certify that adequate records are maintained to
comply with Current Good Manufacturing Practices.

3.3 STERILIZATION

For any implanted device, a sterilization assurance level of 10(SUP -6)
must be accomplished. See Appendix IV for references.

3.3.1 Procedure

Specify in detail the sterilization procedure including cycle
parameters, corrective action levels, and indicator use and placement.
Specify residue 1levels after aerating (when a gas sterilant such as
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ethylene oxide (ETO) is used) or rinsing (when a liquid sterilant is used)
as specified in the labeling, the worst case size and configuration of the
device. Appendix IV contains a copy of the Federal Register notice that
specifies the allowable 1limits of ETO residuals. Include procedures and
sampling requirements for sterility testing done for lot release.

3.3.2 Resterilization

Discuss provisions for resterilizing returned or failed goods, if
applicable. Provide results of physical and performance testing that show
resterilization does not affect the properties of the device. If
resterilization or disinfection by the user will be recommended, specific
instructions must be given in the labeling including maximum number of
times the device may be resterilized. If resterilization is not
recommended, a contraindication must appear in the labeling.

3.3.3 Validation

Supply -data -used to validate the sterilization process, including the
sterility assurance level achieved, chemical or biological indicators used,
product functionality tests performed, and results of testing. Specify any
standards followed to validate the sterilizer and cycle.

3.4 SHELF LIFE

Provide results of testing or a protocol describing testing to be
performed to establish a sterile shelf life date which is to appear in the
labeling. Testing must include exposure of an adequate sample size of
may be subjected
during shipment, handling, and storage. Testing should include, but. is not
limited to, exposure to dropping, vibration, humidity, atmospheric pressure
changes, temperature extremes, and shock. Provide a rationale for all
parameters chosen. After stress, aging, and exposure, testing must
demonstrate the package and product integrity. FDA recommends that a
protocol be submitted prior to testing and aging.

4.0 TESTING

4.1 IN VITRO TESTING

The following is needed to document bench testing done before clinical
trials are initiated. All final testing must be done with final design
devices, using devices sterilized by the method described in Section 3.3.
4.1.1 Preliminary Studies

Report the results from any performance characterization studies done
with prototypes claimed to simulate the final design. Discuss changes made
to the prototype device that have lead to the current configuration.

4.1.2 System Characterization

Operation of the device/system must be demonstrated to characterize the
operating domain and limits of performance. Demonstrate the device
performance on a mock circulatory system in all modes of operation under a
full range of steady state conditions under which the device is expected to
clinically operate. Demonstrate the full range of cardiac outputs that the
device will provide under varying operating conditions such as fill
pressure, drive pressure, cycle rate, stroke volume, and any other
applicable parameters that affect device output. Characterize the device's
response under transient conditions that include rapid changes in systemic
pressure and flow, beat rate, and when applicable, changes in stroke volume
and switching between synchronous and asynchronous modes. Demonstrate
system response to simulated cardiogenic shock, i.e., RAOP (LESS THAN) 20
mmHg, f£ill pressure (GREATER THAN) 20 mmHg, CO (LESS THAN) 2-3 L/min. For a
VAD, with the jock ventricle in a passive state, characterize the VAD
response to simulated ventricular fibrillation.

4.1.2.1 Test conditions

Describe the mock loop, test fluid, operating temperature range,
measurement instrumentation, and calibration equipment. Define a range of
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beat rates and cardiac outputs including the upper and lower limits of
expected physiological conditions of operation as described above. Explain
the rationale for these limits.

4.1.2.2 Test results

Provide output flow data for the device as a function of all loop and
control parameters that determine this flow and for the modes of operation
described above including the norms and extremes of steady state flow,
simulated cardiogenic shock, and ventricular fibrillation where applicable.
Report peak pressure gradients (dP/dt) across each valve and peak outlet
pressure for the range of flows and modes described above.

For battery operated devices, report the electrical power consumption per
unit time for the device in operation in each mode.

4.1.3 Durability and Reliability Testing

Describe the experimental protocol for durability and reliability
testing of the final clinical model of the pump and console.

4.1.3.1 Test apparatus

Provide a detailed description of the durability test loop and its
ability to simulate physiological pressures and flows. Describe the
instrumentation used to test the system. Specify the actual flow conditions
during the tests, the role of the mock ventricle, if one is used, and the
duty cycle for each operating mode.

Where applicable, describe the number and duration of each internal
battery run and the pressure/flow conditions during each run.

Describe the environmental conditions under which the test was conducted
and the instrumentation used to monitor inlet/outlet and drive pressures,
flows, pressure gradients, temperature, viscosity, run time, (electrical)
power consumption, and other relevant parameters.

At this time, it is expected that durability testing be done in real
time. At some point in the future, however, testing done at an accelerated
rate may be accepted if it can be shown that equivalent wear will occur.

4.1.3.2 Failure criteria

Define the failure criteria used to evaluate reliable performance of the
system over a specified short or long term (permanent) duration. These
criteria should not be limited to simple component failure but should
extend to circumstances when, for any reason, the system is unable to meet
specified clinical pressure and flow requirements. When applicable, failure
criteria must also be specified for an implantable battery in terms of the
system's ability to provide minimum periods of operation, at specified
clinical pressures and flows, without an external power source.

4.1.3.3 Reliability objectives

Depending on the proposed indications for use, the device must meet the
following objective:

Short term: At least ---- devices must be run under the specified test
conditions with no more than ---- failures over a period of at least twice
the intended clinical implant duration.

Long term: At least ---- devices must be run under the specified test
conditions with no more than ---- failures over a period of at least ----
years.

4.1.3.4 Results and documentation

Provide a tabular description of the overall test results including run
times, down times, operational conditions, duty cycles, cycle rates,
input/output flows, pressures, pressure gradients, and for battery operated
devices, electrical power consumption. If a failure occurred, identify the
failure and indicate the time of occurrence.

For those devices that did not fail, compare the results of functional
performance tests over the full range of system operating parameters, with
similar results obtained before durability testing. Provide the results
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from a detailed examination of all components for wear and fatigue using
SEM, thermal imaging, or other high resolution examination methods with
emphasis on the blood sac or diaphragm and valves, and where application,
the energy converter. Discuss the performance of the controller/console
used in the durability testing, noting all failures.

4.1.4 Biocompatibility/Toxicity

Describe testing and results to ensure the biocompatibility, non -
pyrogenicity and non - toxicity of the implantable components of the
system.

4.2 IN VIVO TESTING

4.2.1 Summary of Literature

Summarize the results of animal studies published in scientific journals
using the device proposed for this study or similar devices. Discuss
definitive findings from these studies and questions posed by the results
that require further investigation.

4.2.2 Summary of Prototype Studies

Describe the animal tests that were done to develop your prototype model
and subsequent studies leading to your final design for clinical
evaluation. Include all evaluations of the device in animal failure models
such as artery ligation or induced fibrillation.

4.2.3 Protocol

A scientific study of the final clinical design is expected to accompany
the application for the investigational device exemption (IDE). In - vivo
testing is expected to demonstrate both durability and performance of the
system as a complement to in - vitro testing. The device must be tested in
animals for at least twice the expected duration of implantation for

intended for permanent implant :
must demonstrate operation in - vivo for a minimum of five months. The
following are minimum protocol expectations for this study:

A. Provide standardized procedures and data collection techniques.

B. Discuss the rationale for the choice of animal(s) selected in the
study.

C. Provide the rationale for the number of animals to be studied and the
duration of the studies (a minimum of eight animals for each model is
expected).

D. Describe the implant techniques and the post operative care
procedures.

E. Submit a complete evaluation of system effects including all of the
following:

1. a discussion of the anticoagulation regimen(s) tested and a
coagulation profile for the study;

2. a discussion of hemolysis in the animal model accompanied by a
profile of relevant studies (hematocrit, hemoglobin, plasma hemoglobin,
reticulocytes, LDH); and

3. blood chemistry profiles including blood gases, electrolytes, SGPT,
bilirubin, creatinine, and BUN.

The test data requested above are suggested as the minimum test data
needed to evaluate the system effects.

F. Provide an evaluation of the safety of the weaning protocol.

G. Describe and evaluate all of the device - related and non - device -
related adverse events.

H. Submit all of the pathology studies for all animals that expire on the
device or are sacrificed. The information that is submitted must include:

1. a description and photos of the device in situ;

2. a gross necropsy examination with conventional histologic studies of
major organs; and ‘

3. histological evaluation of all areas of grossly evident pathology.
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I. Provide an evaluation of the explanted device including:

1. a description and pictures of the total explanted device and its
individual parts;

2. a detailed examination for wear and fatigue at susceptible areas; and

3. a gross and microscopic evaluation of any tissue attached to the
device or any damaged material.

4.2.4 Data Analysis

Data analyzed should be presented in a systematic way to facilitate
assimilation of the results. Laboratory data should include normal values
for the type of animal in that laboratory, and data points on charts should
indicate the number of animals represented by each data point. Device
analysis results should be presented in a manner that compares the results
for animals by date and should include other relevant information such as
anticoagulation and adverse events.

4.2.5 Relationship To Clinical Studies

The results of this study must be discussed in relationship to the
proposed clinical study. Discuss the purpose of animal studies using your
device including your hypotheses for use of the intervention. :

5.0 CADAVER STUDIES

Provide a summary of the cadaver studies that were performed to arrive
at the optimum configuration for the device. Discuss the variables that
were studied, the basis for your conclusions, the specific limitations on
the size of the patient, and the specific recommendation for insertion.

6.0 CLINICAL INVESTIGATION

to
call or write the Division of Cardiovascular
Devices (DCD), and to discuss
their plans and ideas before submitting an IDE or PMA application.

6.1 PROTOCOL DEVELOPMENT FOR THE CLINICAL TRIAL

The accrual of a sufficient number of subjects into a heart pump study
requires the inclusion of more centers than are ordinarily required in a
clinical trial. This section of the guidance includes minimum requirements
to facilitate a scientific study of a complicated device within a limited
patient population in a large number of institutions. For scientifically
valid conclusions to be drawn from the study, the study must have clear
objectives with a fully developed protocol that is developed by both the
investigators involved in the study and the sponsors of the study. From the
experience of past clinical investigations, if the clinical investigators
have participated in development, or agree to adhere to the protocol,
conduct of the investigation will be uniform.

Note: FDA encourages the sponsor of a multi - center investigation to
establish an investigation steering committee composed of the investigators
involved in the investigation.

6.1.1 Objectives

The purpose of the study including the specific objectives and the
specific study design are the first considerations. Based on the study
objectives, discuss the following:

A. How you intend to demonstrate success or failure to meet the
objectives of the investigation, and

B. How the data collected during the investigation will be used to
determine whether the criteria for success have been met.

6.1.2 Study Size

A proposal for the size of the study with a rationale for the number of
patients and institutions required to draw statistically valid conclusions
about the safety and efficacy of the device and its indications for use
should be submitted. If you anticipate evaluating several patient groups
(i.e., post - cardiotomy, post acute myocardial infarction, chronic
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degenerative heart disease), the proposal should reflect the effect of
multiple patient subgroups in study size. The time frame should be outlined
taking into consideration planning time, center recruitment, patient entry,
data analysis and the preparation of a final report.

6.1.3 Preliminary Investigations

It may be beneficial to do a preliminary IDE study of five to ten
patients at one or two centers to test the device, study design, procedures

(implant, patient management, weaning, follow - up, etc.), to determine the
feasibility of extending the study to multiple centers. In order to get
meaningful data from such a study, characteristics discussed below should
be incorporated. Based on the results of this study, the design may be
modified for the final study design.

Note: If a preliminary investigation is conducted, the investigation
should be designed to reduce as many variables and confounding factors as
possible, e.g., a single system configuration, strict limits on patient
selection, etc.

6.2 CHARACTERISTICS OF INVESTIGATIONAL CENTERS

6.2.1 Investigational Center

Special attention should be given to the characteristics of an
investigational center to assure that the center is a viable study
participant. For instance, what is the annual cardiovascular caseload and
does it support the projected annual rate of patient entry into the study?
Are the surgeons, the surgical team, and the hospital sufficiently
experienced in cardiac transplant procedures and the management of
transplantation patients? Are the facilities adequate? Can the laboratory
perform the required testing and can the pathology department carry out the
autopsy and device evaluation protocols? How committed is the center to
participation in this multicenter study? Are there sufficient qualified
people that can be assigned to the study for data management, operation and
maintenance of the equipment, and patient care? Include this information in
the IDE application. The wholehearted commitment of the investigator and
the center will facilitate your progress. A monitoring plan which addresses
all of these issues should be included with the clinical protocol. For
bridge to transplant studies, the investigational center must be an
established heart transplant center (Section 6.2.3).

6.2.2 Principal Investigator

IDE submissions should include pertinent information on the principal
investigator's background and characteristics of the center that make them
an appropriate combination for inclusion in the investigation.

6.2.3 Established Heart Transplant Center

An established center is one that has performed a minimum of 12 heart
transplants in the 12 months prior to submission with an overall success
rate (survival) of 70 percent or better at the time of the submission. All
submissions must include:

A. the number of heart transplants at an institution in the last 12
months and the number of patients alive in that group,

B. the total number of heart transplants performed at the center to date
and the overall success rate at 12 months, 2 years, etc.,

C. whether the heart transplant surgeon is the same person as the
investigator for the proposed study, and

D. the experience of the heart transplant surgeon.

6.2.4 Institutional Review Board

Heart pumps are complex devices that have stimulated considerable public
debate concerning their use in humans. FDA therefore requires that an
institutional review board (IRB) considering that institution's
participation in a TAH/VAD study must have at least:

A. one member or consultant who is knowledgeable about the engineering -
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related aspects of the device development and who is not directly
associated with the study; and

~ B. one member who is considered to be an expert in regard to the moral
and ethical issues concerning artificial implantations, organ transplants,
etc.

6.2.5 Permanent Dependence

FDA also requires that the IRB of each study center certify its
understanding that patients implanted for temporary use may become
permanently dependent upon the device and that the center is prepared,
should such dependence occur, to provide for the needs of such patients.
Based on experience with the permanent implant study, the needs of these
patients would include full time availability of cardiac surgeons and
TAH/VAD technicians, additional backup equipment, adaptation of the
hospital environment to patient's needs, transportation, housing for the
patient's family, social and psychiatric services for patients and their
families, nutritional, physical and occupational therapy services, on -
going medical consultations, and continued staff training.

6.2.6 Cost and Reimbursement

A study center policy must also make clear who will pay for the care
associated with continued implantation of the device.

6.2.7 Backup System

Each center must have at least one complete backup system that is
available and ready to be used in the event of a failure of the system in
use.

6.3 STANDARDIZATION OF PROCEDURES

A critical element in a manufacturer - sponsored clinical trial is the
elimination of conflicting issues that might arise during the progress of
the study. Obtaining agreement early in protocol development among centers
on the conduct of the study (i.e., methodologies, judgments, and data
collection procedures) facilitates an unbiased multi - center study. When
planning a multi - center study, it is useful to have a steering group that
includes several investigators plus investigator committees to develop
different aspects of the protocol. In any case, procedures must be
standardized for use at each study center. This requires a written
description of procedures, specific data collection formats, with
instructions for use. Study personnel at each center must be trained in the
use of methods and form completion and must be monitored on a regular
basis. The following are areas in which study management agreement must be
reached.

6.3.1 Data Collection Forms .
Uniform assessment criteria and data collection forms for pertinent pre
- op, on study, and post - op information should be in place, (i.e., past
history, operative assessments, post - op procedures). As the study
population increases, this information will foster an insightful analysis.

6.3.2 Patient Selection

Patient selection criteria and patient exclusion criteria should be
sufficiently specific to allow for a valid analysis of who may and who may
not benefit from the intervention. Particular attention should be given to
the development of TAH/VAD implant criteria for bridge to transplant
patients that can be implemented at each center and are also consistent
with each center's heart transplant criteria. A theoretical or empirical
rationale for each criterion must be given.

6.3.3 Control Group(s)

There must be a control group(s) for the study. The ideal group would be
subjects similar to the study group in all ways except that they do not
receive the .intervention. Prospective or retrospective patient groups as
well as morbidity and/or mortality statistics may be appropriate. A
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rationale for the choice of control group must be included in the
submission.

6.3.4 Consent Form

In addition to the requirements of 21 CFR part 50, the following items
must be added when appropriate for your protocol:

A. a statement of the center's experience in obtaining a donor heart
(i.e., longest wait, average wait, and recent experience for patients in
the most urgent category):

B. situations that might cause the waiting period to be extended;

C. complications arising from use of the device that could preclude
transplantation;

D. that the study center is prepared to care for the needs of patients
shouldthey become permanently dependent upon the device; and ,

E. whether the study center, the manufacturer, the patients or other
will bear the cost of the patient's extended care as a permanent implantee.
6.3.5 Operative Procedures :

In order to decrease potential bias in study results, variations in
operative technique must be kept to a minimum. The operative procedures
should be described in detail in the investigator manual and training
manual, and should be fully reported on the appropriate patient forms. .
6.3.6 Laboratory Procedures

Reliability of the data depends on standardization of results across
study sites. A methodology should be specified for standardizing results
among centers in order that data between centers can be compared and
combined. The selection, assessment, and schedule of testing should be
standard among centers.

6.3.7 Patient Management

Based upon experience to date, specific areas that warrant systematic
evaluation in studies of these devices include infection control,
hemodynamic control, management of bleeding, the anticoagulation regimen,
renal, hepatic, pulmonary, neurological, metabolic, nutritional, and immune
system function. Procedures for the assessment of these issues must be
included in the submission.

6.3.8 Definitions of Adverse Events

Standard definitions of adverse events must be developed for use at each
study site. Consideration should be given and criteria developed for use in
the evaluation of each adverse event in terms of its severity, its
significance, its relationship to the device being tested, the outcome of
the event, and whether the subsequent death of the patient was related to
the event. For instance, in the event that a transplanted patient develops
an acute episode of rejection or infection, it should be evaluate as to
whether implantation of the bridging device caused or contributed to the
occurrence. Procedures should be developed for following up on the
occurrence of all adverse events.

6.3.9 Pathology Studies

Submit all of the pathology studies on all patients who expire. Precise
procedures including location of samples, number of samples, type of
photographs, number of photographs, etc., must be included in protocols for
use at each study site. The information that is submitted must include:

A. a description and photos of the device in situ;

B. a gross necropsy examination with conventional histological studies
of major organs; and

C. histological evaluation of all areas of grossly evident pathology.
6.3.10 Device Analysis

Provide an evaluation of the explanted device including:

A. a description and pictures of the total explanted device and its
individual parts;
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I. pertinent information on other centers participating in the study

(names, addresses, telephone numbers).

6.6 MONITORING

Frequent and close monitoring of subject recruitment, adherence to
protocols, the quality of data collection and processing, and the quality
of laboratory procedures is required. Monitoring concerns when preparing
for a multicentered trial are: the number of monitors, the qualifications
of the monitors, types of monitoring (telephone, site visit), frequency of
site visits, monitoring report forms, and resolving problems.

IDE submissions for TAH/VAD multicenter trials should include a proposed
monitoring plan that takes all areas mentioned above into consideration.
Site wvisits must be scheduled prior to start - up and as soon as possible
following the first implant. A schedule should be proposed for subsequent
visits.

6.7 REPORTS

6.7.1 Adverse Events

A complete description of all adverse events must be reported.

6.7.2 Investigator List

A list of each investigator and clinical center participating in the
investigation must be provided every 6 months from the date of the original
approval of the IDE application.

6.7.3 Annual Report

The annual progress report must provide a comprehensive picture of what
has occurred in each center and in the study as a whole at the time of the
report. A summary is required for each new case entered into the study in
the current report year, accompanied by a presentation of the data for all
patients entered in to the study to date. It should be formatted in such a
way that the information is readily assimilated by the reader, readily
updated at regular intervals, and readily developed into a final report or
PMA application.

6.7.3.1 Content

The annual report must address experience as discussed in section 6.3.7
with the patients entered into the study, with the performance of the
entire system and components (number of failure/error free operations,
description of failures or problems, etc.), and with the investigators and
investigational team (evaluation of the training program, etc.).
Documentation such as patient case report forms (CRFs) and raw data must be
submitted unless specifically exempted by FDA.

6.7.3.2 Analysis

In addition to the CRFs on all patients, raw data must be provided on
specific analyses. An analysis for each individual center and aggregated
multicenter data should include, but need not be limited to, the following:

A. descriptive statistics on demographic data and summary data on patient
characteristics (i.e., age, sex, etiology, device size, NYHA, hematology
studies, blood chemistries, device evaluation, autopsy results, complement
activation, etc.):

B. survival analysis (comparison of control and study groups and/or
subgroups of interest);

and nondevice related
adverse events;

D. examination of the similarities and differences among patients in the
control and study groups; and

E. analysis of additional hypotheses (relationships of disease etiology
versus outcomes of interest, complication rate profiles versus outcomes,
waiting times versus outcomes, etc.).

6.7.3.3 Summary and conclusions

The report generated as a result of this aggregation and analysis should
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B. detailed examination of the device for wear and fatigue; and

C. a gross and microscopic evaluation of any tissue attached to the
device or any damaged material.

6.3.11 Deviations from the Protocol

Any deviations from established clinical plan must be noted on the
appropriate patient record and all reasons for the deviations provided.

6.3.12 Follow - up Plan

This plan should include standardized assessments, e.g., at one month,
six months, and one year. A rationale must be included for timing of
assessments and the type of data to be collected at each assessment.
Patients should be seen at follow - up by the principal investigator or
other members of the investigational team. Followup exam by a non - study
physician is not recommended unless the physician has been oriented to the
study test and data protocols.

6.4 TRAINING

Training is an essential element in promoting standardization and
quality in a multi - center study. IDE submissions must include a detailed
training protocol that assures the proper training and retraining of study
participants.

6.4.1 Participants

The principal investigator and all staff associated with the
investigation should receive training appropriate to their level of
involvement. Trainees should include the following types of participants:
physicians (surgeons, cardiologists, anesthesiologists), biomedical
engineers, perfusionists, OR nurses, ICU nurses, laboratory personnel, data
managers, etc.

6.4.2 Content

The content of the training and the location of the training should be
appropriate to the needs of the trainees. Some items that have been
included -are: theory and practice (lecture); practical experience
(implanting and explanting animals; setup, running, and trouble shooting;
overview of clinical protocol; data collection and management; inservice
education; dry run; etc.). All trainees should receive adequate instruction
regarding the clinical protocol, standardization of procedures, and data
collection methods.

6.4.3 Continuing Education

The use of periodic evaluation and the retraining of study participants
should be considered in the overall plan for assuring safety and quality.
This issue should probably be addressed by the steering committee of
participating physicians or another committee of center participants.

6.5 INVESTIGATOR'S MANUAL

A manual that contains all information about the clinical trial must be

site. Some of the items that
should be included are:

A. a description of the study:;

B. the investigator's responsibilities (21 CFR, 812.100);

C. the protocol (information on control groups, patient selection
criteria, preoperative history/assessments, operative procedures,
laboratory procedures, patient management procedure, adverse event
reporting, autopsies and device analysis, deviations from the protocol, and
follow - up procedures);

D. data management (data collection forms and instructions for use);

E. maintenance/repair of equipment (routine procedures, contacts);

F. procedures for updating/maintaining the skills of participants
(physicians, nurses, lab technicians, etc.):

G. approved consent form;

H. emergency guidelines; and
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be disseminated for in - depth review by the investigator steering
committee and follow - up discussion at investigator meetings. It should
also be submitted to FDA and each reviewing IRB annually, along with the
general information in the attached 'Suggested Format for IDE Progress
Reports' (Appendix V).

APPENDICES :

I. Federal Regulations

ITI. Glossary

III. Process Validation

IV. Sterilization

V. IDE Report Format

PRELIMINARY DRAFT

END OF DOCUMENT
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