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RiE ORI R O EERRIERIR IR 5T
SRAEEE S (B B
i ¥ W [

(MZF1584E 3 A 5 ARAH)

AT BRE MR T % % Hancock xenograft (Hx) #0 in vitro, in vivo MO B & &l 3
2z e % B E L7 Invitro OEELIZE LT3R EICHR U AT 3B E (Pulse duplicator system)
B LTRSS R OBE R L /2. MR & LT Bjork-Shiley (BS) 7, St. Jude Medical

(SIM) %, Starr-Edwards (SE) #0 3 BOMFA 2/ Uz, ANFIRETM 7 A — 5 —1I2E
EHRTTOERE, MERE, BOEE HRs AHE L BERT cofs, RAEEE, LR
MicsT 2 R LEREoOEE0 TE2AV ., WAOBEIZ 7L SR N V- —ETEHEL 2, Invivo
OEEIZ B L TR AEIRAES (AVR), SIEAER (MVR) EFIOAE 32 fLOERIL A 77— 7 1k
E0HE LY. FHAEBEEIR 155 62 2 BTN 3R ThoT. BREUTOML THS., EFR
FCSIM A RESEEERN, FREE FHOEREIREATS >k, Hx FREEEERA, MEREIR
INTH DK ERIER L o> T, —F Hx %, 120 bpm LT OB OMENIR T TR RKERZ &
bNE G, FRBEBRLAE CBLBALEELTRLL. MROBECEE T SE A AMBMIIERIZK
%¢, BSHEFBNEY K& h o, ZhEARAALLTRERIATHS., —FH, S]M f & Hx i3t
AFBIEVR L, B b PLIER L. 47 — 7 MREIC X D B S W RELER OBEEL 2
TRELDTHD Z EHEHS I 572, AVR 16 FICIIIGEIESRZE 3 18.5 mmHg Tholz. XA
OEREO T 1.58 cm? T - 72, MVR 16 I T i IR HIE B2 3 49 5.0 mmHg T& - 72, #OEHD
T3 1.93em?* TH o7z, AVR, MVR &  CBERFHAETL2EI 1A ok o7, & 1o EEE, #
MER R AERIERR REBETLE I ar o, EBROBROFERORBERY? SO Z & 3R
Fohi, BbEELMEREERCICS T 2R T CRIESME LB IBELZA L T,

Key words EME(fEF, ATOMEFR, Pulse duplicator systen, EERAYFAHEREE
BRE, BRNFREERE

EIE, $E < OATIENAVL S NEROBREICSY
KL BHMSBED SN T 5 ATLERLZD1DT,
Hufnagel 1285 % 2 A T OEAHBERITOBERIZ 4 70

LRz, FOMcEL OEIEAH 2V IdEERS
DEFEE &7, FTH 1968 £ Carpentier® 2 & h HA
& h: Glutar-aldehyde LB R OER (T, £E
OlEF) 1, METOSEEFNEEYF L D AT
BULTEL, BEAIVFIRECETENRD AT
FELTRD SN, RESMERENRESATY
68)'-6)‘

BE T 1974 EEE A D 1 DTH % Hancock
porcine xenograft (Hx)% 3 U THKIZHEAL, B

FeAfHEBRADOE | IR L LTl TRIFRERRE
BEBTERL™, LHLERSEERAERORRT
BICHL, RE, BEOREFIHRENE LIIC%-
T&f, &0 b ZOMITERERNEETCE T, /)
MNEOKERAML TORE LERENBEEHRINATY
3, FZOBEECEL TERMYMET L SN, B
D87 A—F =i & DARTIFERBRSRET &0, 20
BENLFHETIEIBBRA L I LA B> AL ERES
LT 39,

ARETIE, SRAFEILED L £ L TATHRERE
# (Pulse duplicator system) %#BFL, ZhzHw
T Hx # & E2 O ANTHOKITEMBAERE % T

Experimental and Clinical Studies on the Function of Cardiac Bioprosthetic Valve.
Katsumi Yokoi, Department of Surgery (1), (Director : Prof. T. Iwa), School of Medi-

cine, Kanazawa University.
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gma L, b TEHE O RELEAERBEES T
MiERIAOAREE 2 MET L, EEY, BRI RE
Lolf OHEEIC %L%Ama4M%5z,AlﬁaL
TOARSFOMIEERET L 72,

B L UEE
1. EEReVHRET
1. EBEEL LU HE
SERREFIFMELRMEBL - EERABREE
(Fig. 1), WBIRAHBREE (Fig.2) 2HALL. &
HRABERICLONE QT 2 FIBOEREA

®

Test
Prosthetic
Valve

@ thalk valve
(@ Pressure transducer
@ Electromagnetic flow meter

Fig.1. Schema of steady flow test system.

@TESted prosthetic valve @Potentiometer

@ Poppet valve @Scotch—York mechanism
@Electromagnetic flow meter (&) Generator

@ Head tank

@ Pressure transducer

@ Optical sensor
@ Recorder

Fig. 2. Schematic illustration of pulse duplicator
system.

Pz L7 BBRFO TR RE L BEHRE
FHCE D FEEREEL, FEIROESE A NE
NERBERCTHELZ, ROBHASNREDH
Ei, FOREEH S 100 em H,O DEH %013, 20
ObNEEARSY & — 1z k HEIE L7,

HEIRMABREBRZ Y v 7, OF, LE, EX Ny,
REPRFHERBEL 0 20, EEAUECITALR
RO T, REBIRACIE CHBRA 2R FiF, O
EERBRAOEER L E R/ NUE LTI REL D (1,
FEEOERERE L2, CA b R
FreR7rod A= —2k D 20OTMEHEL, &
EH R RA A D OREES DHE 21T 512, KEHIR
EREICEMIT R 2B LR BORE 2170,
AOMAOKRENINEFR v — it ko7, DEo®
B & DB %E 0 ~300 rpm O EE—F—IZ L D
EL, LEE, KBIRE, WE, OB 2L
EfL & BHA Y075 7 28H L1,

FEBE TP HEANE NSRS I TOYODA &
PMS-5-2 H %, R EEH BB 712 NHO 422-11
Z, KT vy F A= — 3R HBE LP-50S %, ¥
R v —BEZHMTINIIEL S A+ — PR
TPS601 7 b FS> YRy —%FERLT. Xk
1Ak R Lz,

2. ARTIFEBBRETHE 5 A — 5 —

ATFROKIIZRRESE R UTICRT TEO /5
x—ywxvmWﬁ%L%

) EEWICBIT 2EHE (AP-Q Bi%)
#%%@Eﬁ%AP&ﬁﬁQt@%%%ib?.
2) JRE{RE (Discharge coefficient, Cd)
FOED ELTORML2EDL LERATERESI NS,

ci=te\§ 5
(Q: &, D.E®R AP ERE, p . BE)ZZT
Epidl L TRV,

3) BHMLNE
FHEZHALICRETHOFTEAID S 100cm H,0 ©
ENE»ORBO hWHEERRDLT.

) BN L TOREES

12D ORE, 1394271540 OFE L HE

EOBFERDT.

) BRFEOER (Effective orifice area, EQA)
EHHOEMEIIRATCEEENS.

_ /o, Q@
EOA—\FZ Jap

BXOAIAOMTORBDHICRRTEREIND
PEBEFEEL (Performance index, PI) 2 & h & 7.
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Pl = EOA TH D, ASA 1600 HH & & 2 & THEBREET > 12,
BE) >~ TER 4. BBATH
6) mKREHZ KEBRTHERALIZATHEOLHREZER DFFHA X (H
REBRORARERE L B 0BRERDLT. fff mm) #WIZEJ (Table 1, Photo 1).
7) RS T 3 H e oS 1) Hx 19 mm
AR 517 2 A2 RO RSN T 5 2) Hx 23 mm
HE e mER L oMfREEbLL, FORRAOESEES: 3) Bjork-Shiley disc valve (BS) 25 mm
FL, MEBRCAOII LY —IBEERT, 4) (SStle/Iu)de Medical Bi-Leaflet valve 93 mm
3. ALH2ERT 3 HLORHRL 5) Starr-Edwards ball valve (SE) 25 mm
RO KEBERONO KEIRFIHERHERWTT 1. BRBRE9IRET
VIR V—Y—Kic X D FEBRT IHNOTR 1. SHERER
L& 1T o7, %L 15bpm & L, BPRGRIRDE WETIZ 197446 B2 1981 £ 12 B T0 7 FH
F3.5, ¥y v¥—AE—F 1/2%8, 74 L2 ASA 400 WHBREFEAE 105 Flicst U T EBOBA E VTR

. :
Photo. 1. Macroscopic view of tested valves. 1 : view from ventricular (left)
and outflow (right) side of Hx23 valve. 2, 3, 4: left, view of valve opened ;
right, view of valve closed ; 2, BS valve; 3, SE valve; 4, SJTM valve.
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Table 1. Size of tested valves

ValVe Sewing diameter (mm) | S. area(cm?) || Orifice diameter (mm) Q. area (cm?) _g%:;_;a_
Hx19 19.2 2.90 16.3 2.09 0.72
Hx23 23.1 4.19 20.1 3.17 0.76

BS 25 4.90 20 3.14 0.64
SIM 23 4.15 18.5 2.55 0.61

SE 25 4.90 17 2.27 0.48

HX19, Hancock xenograft valve with 19mm in diameter ; HX23, Hancock xenograft valve with 23mm
in diameter ; BS, Bjork-Shiley valve ; SJM, St. Jude Medical valve ; SE, Starr-Edwards valve
S. area, surface area of valve ; O. area, orifice area of valve.

O-area
S-area

, ratio of orifice area to surface area.

Table 2. Cases undergone valve replacement
with cardiac bioprosthesis
(Jul. 1974 —Dec. 1981)

Vale replaced Case

AVR 14
AVR+0OMC 21

AVR AVR +MAP 1
AVR+MVP 1
AVR+0OMC+TAP 1

MVR 29

MVR MVR+TAP 15
TVR TVR+0OMC 1
AVR+MVR 13

DVR MVRXTVR 3
AVR+MVR+TAP 6

BHUIT % Hi1T L 72 (Table 2). £/ L4 BRI
BIBFARL, =4RAAMNITIE T T Hx (Model 342) %,
REWRAOLIZ IEHIHNIC 13 Hx (Model 242) %, 1977 4
LA#%13 Carpentier-Edwards bioprosthesis (Model
2625) BHE LIz, Zihs 1058loHm» s, KEfRA
BHT 16 11, (808 F BHAT 16 FIDF 32 % SIE R
BURRER & L7z, IH o DOFRiD & MAITE &
TO/M (Interval) 12, ABINRABEHEMFITIIRS 62
AR, F#13 H A, B8 B T3 &S 56 4 A,
FHUAATH - 72, RERICIZBEOREIZ TR
YRIFTCHY NYHAD I EH2WIRIETH -7,

2./ &

Lo 32 Bl Loloh 7 — F VBB RIETL, N v
Ry PERIC L 2 EEHER T A b 02T, iR
RO MATENRE, MRS AEAERME L2,

od T —F MREIZS V» TESBIE R SIEMENS
ELEMA Pressure transducer 746 % A\, R

—B—@-~ Hx19
—0-0- HXx23
—0-0- BS
—x—=x—= SJM
~A—A— SE

301

mmHg
n
o

Pressure gradient

Flow rate L/min
Fig.3. Relation between flow rate and pressure

gradient in steady flow.

SIEMENS ELEMA Mingograph 82 T L7z, [
fEH #BIE 1 Edwards labolatories @ cardiac out-
put computer Model 9520 Z{FH L, Swan-Ganz
‘catheter I X VPIE L7z, EHER R NV F2Z) v 7
RV, FFES5ke, MFET 0kg DETTE M 1 FHH
I 1 [ET 60 [EHeKE & © 7.

B 1

I. RERHESR

1. BERICBY 2 EEE (Fig. 3)

TEOBIMZHFLERZEIIAT 2 2, BAER
SIM TE/, Hx 19 CRATH 7. BRFERE 251/
m T SJM EEEZEIZ 12mmHg THEH/h& <, BS I
BIFFERET IR, Hx 2313 28 mmHg,
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Fig. 4. Relation between flow rate and discharge
coefficient in steady flow.
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Leakage flow ml/sec

HXx19 Hx23 BS SJM SE

Fig.5. Valvular leakage flow of each valve in
steady flow.

Hx 19 i3 THEWERZESR LUz, (EL Hx 19 i35
£ 10 L/min % THIZE)

2. FERH (Fig.4)

SIM MBI ERS 0.98 THED THEERL, BS,
SE #RBEOE TRV TS, Hx 23 1% 0.45 L{&<,
Hx 19 TI% 0.19 X & TIEETH - 7z, Hx A
WEEER L THALC L R E L\EBLE 2> Tk,

3. wARLIRE (Fig.5)

SE »% 1.5 ml/sec THd 47 <, Hx 19,23 DIEIz4

Flow rate L/min
=
%
AN

»n
(&

60 80 100 120 140
Pulse rate bpm

Fig. 6. Relation between pulse rate and flow rate
in pulsatile flow. bpm, beat per minute.

120

—@—-g— HX%X19 x
—O-0-— HX23

2 —-o-0-— BS

3 —x—x— SJM

>E 100f —a-a— SE

K
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g et
a
[ __-_O#_’_,,_, X _/A/
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[
60 80 100 120 140
Pulse rate bpm

Fig. 7. Relation between pulse rate and flow rate
in each cycle.

7% &2 2ml/sec HIBOMETH -7z, THizxL SIM
12 8ml/sec THSH TRKE L nETH7,

4. HEFRTOMERE (Fig.6)

120 bpm LUF O @E OB TIE Hx ARAM L%
L 7=, 120 bpm LA EHEIE T, SIM DfiihiE
BICHEIMUBY TRERfmEERLE, e 191
D OFEICHEE L 235 Fig. TR Y &, 120
bpm LI T O #8%T1& Hx »3, 120 bpm LA D fHBI%
T2 SIM F b K ELmE %2R L7z, SIM 14 120 bpm
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LEOBET L 44 2 080 Fiht b 0oL
7z, ZAUZRL, BS, SE Tl3fHBI ORI L 1+
427080 DHREEINEOFATHD, Hx TIE 1 ¥4
7 LEDOWEIEEIEY, HruidbTeTIEH o0
WAEA LR LU, 26T SEDRENR/NTH -7z,
5. HRIBOERE (EOA), BAMEMRI (Cdmax)
REHES (PD) (Table 3)

EOA iZ SJM 43 2.51 cm* TR, Hx 19 A% 0.68 cm?
TE/AINTH -7, Cdmax iz SJ]M THK, SE, BS,
Hx Olgz/h& g7, Fig. 81z BSOPI{E% 1 &
LCEFOPIEERTASIM i b KEVHEERL,
Hx 19 »B/MEE R L 72,

6. RAEEZE (Fig.9)

B OB ECRAREEEIIEAT 22 Hx i1
ft DB A LB U T I TR <, B Hx 23

Table 3. Hydrodynamic characteristic of each

valve
Valve EOA(cm?) | Cd max PI
Hx19 0.68 0.19 0.23
Hx23 1.61 0.45 0.38
BS 2.31 0.74 0.47
SIM 2.51 0.98 0.61
SE 1.82 0.80 0.37

EOA, effective orifice area. Cd max, maximum
discharge coefficient. PI, performance index.

15F
o
5 10
[
N
T
E
i
=]
z
05f

HX19 Hx23 BS SJM SE
Fig.8. Normalized performance index of each
valve,

THRATHEH T L EE1: 60 mmHg TR T/ &
Mol BRI BS b KEWEBEE2R LY.,
Hx FEER T TRERERIAE  FEMCAERIER
ERL T2, HEIFT TREL EHfs KA L8
RIEERTRHEDOH D Z Litbroit,

7. HEREAC B B IR IS I T 2 B 2B

HoEE (Fig.l0)
B OIM > RSB I N 2 £ 25

—B—-8- HX19
350 —0—-0- Hx23
—-0-0- BS
£ —x—x— SJM o
£ L —a—A— SE
E 300 7
. 250
8
K
5 200
L
3
@ 150
<
(=%
® 100
L]
o
50

£

80 80 100 120 140
Pulse rate bpm
Fig.9. Relation between pulse rate and peak
pressure gradient in pulsatile flow.

—@B-8- HX19
—0-0- Hx23]
—0-0-— BS
0.25 27T 3w
—a-a- SE
/A/a/

0.20

0/D ratio
.
&
.
E\
(=]
u\

0.05 -

N
|
\T i

60 80 100 120 140
Pulse rate bpm

Fig.10. Relation between pulse rate and O/D
ratio. O/D ratio, ratio of valve-full-open time to
total diastolic time.
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FADEEE STM 28 VT2 OEINEBRR/NTHY, &
RIET T WB L EVBEL Do Hx i
EIREIECTIX SIM & D i, 2R ORI 0
BRI b AR L, BKRIEBHT T Hx 23 13 16%,
Hx 1913 22% %R L SIM £ D k& otz FI
¥ SE A 2HMOEE IR L REr T2,

8. HEEETIHAOARL

T L o

H

T IEE ML= —RIC L 3RO TREET,
HEBESORT2BE L, S2EAR L bO% Fig.
11 2RT, Hx @FFRRe S Ebkic Ml 5 fig
EREL, BEON1ISETHRCBRERL TV 5,
+ AW BRI LRI 2 W s D SMEI TR L DS
AR RKE L, SERXEDIMUTOHNITZ DA
W BTIR I ES TKE BRI R 6B, BS 3R

Fig. 11. Photo and schema of flow throgh valve in open phase. Aluminium micro-
leaves were mixed into the water of the pulse duplicator system.
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NOKERST L RBEICMA % A, TSR D H3A4 S,
SIM b Tk ABBRE %4 5 DA TBEBREAIL
ELRECLEE LN ERUL He 38 s L
THEPIMIA FIC RS R S O b 5 Z Eh3h
Mmooz,

II. BRARALHE

1. KERAE®S (AVR)

Wi 8RB A E (PCW, mmHg) 1%, #7#113.0+

mmHg (W
30 P<0.1
20 .
130

10 8.6

0 Pre Post
mmHg | VEDP

P <0.01

20
12.3
10 ¢
a 5_2'

0 Pre Post

7.6(mean®SD) 4 & i 8.6+£4.4 12, FBHAR-ME
(PA, mmHg) 13 22.6x212.8 »»5 15.5+5.5 24
L7 (P<0.1)., EEHREHE (LVEDP, mmHg)
13 12.3£5.5 7,5 5.9+2. 7B L7 (P<0.01). L
=% (CI,L/m/M?) 13 2.11+0.38 225 3.10+0.53 ~
HEIZHALZ (P<0.001) (Fig.l2). KEPRAAIN
EEAES:ZE (Peak systolic gradient, PSG, mmHg)
I 16HIR 14 OB E T, THBEITIZ 02541

mmHg PA
P <0.1
50
40
30_2_2.6
20 > 15.5)
10 '
0 Pre Post
Lo C |
4 P <0.001
10
3 é 310
2t )
2
1 Pre Post

Fig.12. Pre- and post-operative mean pulmonary capillary wedge pressure (PCW),
mean pulmonary artery pressure (PA), left ventricular end-diastolic pressure
(LVEDP) and cardiac index (CI) in 16 patients undergoing cardiac bioprosthetic

valve implantation to aortic position.

Table 4. Hemodynamic data after aortic valve replacement at at rest

Va(lr\lffms)ize Case me?rx;ll r(é{{ag)ient Range mtzzcl;ln é‘)Xrea f?,e/i?/%/} 2
21 2 18.0 8~28 1.36 2.69
23 6 18.6 0~39 1.45 3.09
25 6 19.8 1~41 1.69 3.35
27 2 11.0 1.98 3.25
Total 16 18.5 0~41 1.58 3.10
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‘minHg O&FEIZ 5 L, ¥4 18.5 mmHg Th - 7z,
A OERE (Effective aortic valve area,” AVA,
cm?) [FFH 1.58em?* TH - (Fig.13).

ERAEY A4 XHWiZPSGiE 21mm T ¥ £ 18
mmHg, 23mm T¥#18.6mmHg, 25mm Ty
19.8 mmHg, 27 mm T 1l mmHg ThH o7z, £/
AVA I3 21 mm TF 1.36 cm?, 23 mm T¥H1.45
cm?, 25 mm T34 1.69 cm?, 27 mm T¥$7 1.98 cm?
TH-7: (Table 4), BEHEFE 10 FEBEFT
A b ZHET), Clik3.10 15 3.43 N 6% 8L,
PSG i3 18.5 45 29.2 ~NTEHY 2193800, AVA X 1.58
5 1.26 N3 17% A L7z (Table 5).

PSGla K & 2fpH4 4 XIFE/NEHLbIF TR hy
4 ZXD255mm DPZRERTFEERZRTLONHY,
AVRBITIRFHY A X LBRE < PSG 24£ U 2R
EEREASNT, ZHIZHL, AVARKRERZRYA X
EERERETRENT (Tabled).

PSG AV A
mmHg cm?
50 —+— 3 +
40 + o .
T 2 T e
30 + g
3 s liss
hd L )
.
20 T * Jms
L
10 + 3
]
o—l—8 o —i—

Fig. 13. Peak systolic pressure gradient (PSG) and
calculated aortic valve area (AVA) following
aortic valve replacement.

#

2 . {BiEHEEE (MVR)

PCW £ 15.7+4.4 5 5 10.2+3.8 .IZHE A L
72 (P<0.01). PA 4 28.3+1145% 18.7+5.2IzH%
A L7 (P<0.001), LVEDP i3 11.8+6.2 5 5
6.5+2.2 1A L7, Cli2.30£0.38 40 5 3.03+
0.54 ~EFEIZHEML - (P<0.001) (Fig.14). {88
R BAE# Z (mean diastolic gradient, mDG,
mmHg) 1FZLERFIZIE 1225 11 mmHg O#E 25
L¥#9 5.0 mmHg Th - 72, BRIFOEHE (Effective
mitral valve area, MVA, cm?) 13 1.93ecm?*Th
- 7: (Fig.15).

BRAEY A XF2iE, mDG X 29mm TEH7.0
mmHg, 31 mm T¥4#J 6.0 mmHg, 33 mm TFH 3.6
mmHg TH -7z, 72 MVA L 29mm TFH1.62
cm?, 31 mm T 1.96 cm?, 33 mm T 2.07 cm?
T&H o7z (Table 6).

EEERHRICIZ CLIX 3.03 705 3.29 ~TEH 8% 1N
L, mDG ¥ 7.9mmHg £ TOBIMZI ¥ -7

(Table 5).

mDG BKEVWHHT A FENE LY, MVA IZK
EVHFY A AR EKRELETREN, MVR TEAREL
FH 4 ZIFEE L 2 E DGR LR &7z (Table 6).

% 1 [B B 12 #6 9T L 7 aortography, ventriculo-
graphy TiEv>§'h & regurgitation i 1 b A 5Nk
Mmooz,

AVR, MVR & &2 Interval & [F82, H¥H0HE
BOBFRICVTIE, Mkl 2A0LDY, itk 3~5
EREL LD LERO R Z E AR & L7 (Fig.ls,
17). ¥ %b b EBUERSERERO 5 5 2Rk, 85
LTWRBIRIRENL T,

& =

ODEFBROBEFEIZREFLL, ALFOHEMEL 20
ERMZALEICE-5TVE, FITALIIELS
REAAFIOANLIERTCHE I L TREBREENT, &
BHEDRENTE 22044, F0OL, AFELERED

Table 5. Hemodynamic data after aortic and mitral valve replacement after exercise

load.
AVR’ MVR
Cl  (L/m/M?) 3.10  3.43 Cl (L/m/M? 3.03  3.29
PSG (mmHg) 18.5 — 29.2 mDG (mmHg) 5.0 — 7.9
AVA (cm?) 1.58  1.26 MVA (cm?) 1.93  1.42

mDG, mean diastolic pressure gradient.
MVA, mitral valve area.
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mmHg

PCW
30 P <0.01

20

Pre Post

LVEDP

P <0.01
\

mmHg

20

10 o5

0 Pre Post

mmHg PA
P<0.01

S)

4

301283

20
10

0 Pre Post

YO ¢

4 P <0.001

HE

1

—
®
N

Pre  Post

Fig. 14. Pre- and post-operative mean pulmonary capillary wedge pressure,
mean pulmonary artery pressure, left ventricular end-diastolic pressure
and cardiac index in 16 patients undergoing cardiac bioprosthetic valve
implantation to mitral position. Abbreviation are same as Fig. 12.

FROERBEORICENOBEELH T 2 2 ENER
i3, SHETHL OO in vitro 2B 1) 2 HEHs
&, BrmRs A—7—%Hn, ATROKYE
HVBRERF S 3T & T B oo,

—REIZ, ATHOKIEAEEEEE I, IERER

CEEMEE), RSSO L RE, RONEMYEE
BREEE) O3 BERTHESNDY,

Fujita & '91d, E# 5T T, Hx (Model 242) i3 SJM,

BS g L S ERELET I e 2 REL T3, 5

BIOBKETYH Hx OEKESKE CFROBRETH-»
72, Hx, SIM Eili6 & b LMD ALATH D,

Hx 23 A3 SJM 23 & b orifice diameter (3K & <,
> T Hx DANHIADESKE L, RAb—X kT
THd, Ll siiHo Cdix, SIM £350.98, Hx
P04 THELLEMD D, FRELTHx EKERE
ek oTuwi, ZhiE Hx Tk 2 0 L mount @
FEHEEESFENL L S £ 728 e L@, Hgs
Pl EZLNL, IO LRTEAOTR

Lz T, Hx OFE, EONAITHRAOEEIE DX
&I ETHREBWITRS N, #-> T Hx i3 mount
DRV, MR T2ENEZRTIHEOEND
2rEz6N05%,

~FHEBRLENDARLZ OIS 2 2 By
20, b¥hETH20, WhHRLWE > EET
BILETERLEBLYOHREICINIEWHFEAbH
g, BEOER TR SIM, BSICHEL TS » Iz
Aigvs, XHINS®iE SIM, BS, SE, LK (Lillehei
-Kaster valve), HK (Hall-Kaster valve) Ti#iJ5[#
LNEEIBLCSIMABRLKEr >R ERELT
VB LEERY L LTEZ 286, Hx 0BHE T
UK OB HMS NI S iz, Hx
3 SJM, BSIZHE L THERICEIRVWEEZSH
3, TOSCELTEB LMY, BEOESIE, SIM,
BS,SE EO#BAICLE L CHEERIBLAREWI L
EREL TS,

EELBIZ R E BT E LB ITE TRy
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calculated mitral valve area (MVA) following

mitral valve replacement.
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7TH D AROERE S VDME I H 5L SEOKE
Tb Hx 3BT TRV ARELHELHH LT e,
¥ EEE R MOBEAICEELTEL L {Er o,
Thbb Hx Ot 2 BRI EHEMICB ) 28
&, BRI B AR TEIERICE > TWa Z Ehy
BHL 2. Hx TRAODOH & E&IIBMFIC LB L THR
TH D HBRIESFFSERERLTED, Zhid Hx»
FEEETE R CHEECEA, o THERIIRL TR
BENLDIKEL %3 LS EMHOMBEREICES
HbOEEZ BN, ZOETI Hx &, #EAF LR
CRZEUEET L e EZ o EHS I LN,
0.05% D glutar-aldehyde CTHLER U 72 8& W0 & b £k
AROAFIEVWEEEZE TH, Hx ZNEBESE L2
LETREORIESIBETE, TACIIBENEC
K& RBbDEEZ SN,
ALREQICEEDOHETIX, =3 V¥ —BEoKs
YEETHA, W6, O ANF—BEEIE
#1 (Nsys) L#:3E#8 (Ndia) RBIL, Nsys i2H0
IMEHRIC B 2 EEE 2% b L, Ndia i3IEER B
ZHLRFEEEEDLTELTWS, $EIE, LR
DEEBNENELCROMPENRA L— X L 2FKD

Table 6. Hemodynamic data after mitral valve replacement at rest.

V?rlgir(r:l )size Case mea(rllTl (r}é'ﬁcéi)ent Range me(g& 5/;xrea ( {r}ﬁ;l 1\%21)
29 3 7.0 4~10 1.62 2.71
31 5 6.0 4~11 1.96 3.00
33 8 3.6 1~ 6 2.07 3.13
Total 16 5.0 1~11 1.93 3.03
r:0.40 2 r:-0.53
50| PSG mmHg P <001 AVA em P<0.1
40| . 3
.
.
30 . .
2
X oL
20 hd L °
1 °
10 o *
] onth | months
0oL} months o L—]
1 30 60 1 30 60
INTERVAL INTERVAL

Fig. 16. Changes of peak systolic pressure gradient and calculated valve area in various interval
after aortic valve replacement. Note no significant hemodynamic change was observed even in

long term follow-up.
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Fig.17. Changes of mean diastolic pressure gradient and calculated valve area in various interval
after mitral valve replacement. Ntte no signgficant hemodynamic change was also observed in

follow-up period.
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EEZ 5N T WIS, HEICE central flow BTz b
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FEDEEEZ AL EE 2503,
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Table 7 2 & TOBBARER D AVR O T#ME
DFBEEEIC DV THREMNRX OBEE % L TRY.
Zhiz k3 & Bjork'™i3 Bjsrk-Shiley £ T, £
EZ ¥ 12.5 mmHg, H3HFDERIIFY 2.0 cm?
WMELENLRELTL TV 25, BRALSEOFEY
T, EBER 18.9 mmHg, H%# O@EHEIZ 1.54 cm?
THole, HEFITIE, %%418.5mmHg, 1.58 cm*T
BY, bTPTHEBMENLRETH -7z, BAELE
RERAAVR ORBEC DL THEROBE 2 =¥
(Table 8) #%, Zhiz kZhiF, EEEITFH15.2
mmHg, FRIFHOEREZES 1.60cm?TH > 7o, #HK
AERAOREHEBEL CH P ENLERETRE L
Tw3,

BEEFROHEICHT 2 RELHAO AVR TO
BAEDIME XA TIED % L, Bjork®ic v Esg
7T, Starr-Edwards 13 E#21d 17.5 mmHg 7 5
41 mmHg (23800, Bjsrk-Shiley i3 12.5 mmHg #»
5 17mmHg 2L 72, #EH Tk, ¥29.2
mmHg IZHEINL 72, BANC & 3 EREOBMT i1 #E
BOTi Wb -1z, NEEFTRESAMNE, BY
FOBRIE T 1.26 cm® &4 - 7228, A O DIz
BHRETO TR REZVR L H B2,

RIEOIEFF T L 2 AVR OB AHSEEIR =T Y
TENTAL RIF i e £ 2 oz, —H, Kk
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Table 7. Reported data of pressure gradient and orifice valve area in patients undergone
aortic valve replacement with mechanical valve.

-

Aﬁthor Valve —oan PSG mmeiange mean AVA cm?
Kloster!? 1970 SE 15. 728
Bjork!® 1971 . SE 17.5 1.43
" KS 28 1.36
BS 12.5 2.0
Winter!? 1972 SE 16 0—55
Starek? 1976 LK 17.3 3—50 1.84
Pyle?! 1978 LK 26.6 0—57 1.25
SE 19.2 1—54 1.20
McAnulty?? 1978 SE 18.1 1—54 1.7
This series 18.5 0—41 1.58
SE, Starr-Edwards valve ; KS, Kay-Shiley valve ; BS, Bjsrk-Shiley valve ; LK, Lillehi-Kaster

valve.

Table 8. Reported data of pressure gradient and orifice valve area in patients undergone
aortic valve replacement with bioprosthesis.

Author mean PSG mmngange mean AVA cm?
Reis?? 1971 22 15—35
Hannah?* 1976 16 0—38
Morris?® 1976 23 17—-28 1.25
Cohn?6 1976 16 5—32 1.4
Blank?” 1976 11 3—24
Cévese?® 1977 20
Lurie?® 1977 18.7 3-52 1.33
Levine®® 1978 4.4 0—18 2.31 HMO
9.8 0—30 1.77
Cohné 1979 11.5 0—-19 HMO
Craver®! 1979 14.8 2—44 1.51 HMO
This series 18.5 0—41 1.58

HMO, Hancock modified orifice prosthesis.

v, Pyle 29, Lillehei-Kaster RERT, ¥4 X
14 (21 mm) THE®Z3FH 45 mmHg, 1 X 16 (23
mm) T¥H 28 mmHg L BRI ERENREVI L E
HELTHD, NIRRT A XCBT 2RERERE
rwIESE, BELOEFACR-oZETIEZL, A
THEBZAONBEREAEELONS,

SEAE, REEE/NE L Lk B E o Carpentier -
Edwards bioprosthesis 23B8% &, ZEFMEPRO

D Ty 2z L Hancock  modified  orifice valve

(Model 250) »Ba% & h, §Ek0 R OMF I gL
THRBEEERNC N 72 A R & LTV 20090, BEl
ORBILARMBODISH & b &b 5 L, Ui KBRS
S L TR EEES E T ARILEZ LY
LEzZoND.

MVR OFHEEORE T, HEFITIILHIFC, ER
(3% 5.0 mmHg, B%F D EEILF 1.93cm* T
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Table 9. Reported data of pressure gradient and orifice valve area in patients undergone
mitral valve replacement with mechanical valve.

Author Valve mean DG mmHg mean MVA cm?
Glancy?® 1969 SE 6300 5.7 2.1
Lillehei3 1970 LK 6.8
Hawe?®” 1973 SC 6.0
Bjork 1973 BS 4.3
Brown? 1974 KS 10.0 1.7

SE 6520 4.0 2.0
Fernandez?® 1976 BL 10.0 1.6
This series 5.0 1.93

SC, Smeloff-Cutter valve ; BL, Beall valve.

Hot:. EEIAMNE, FEEITFY7.9mmHg £T0
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W& 8.6 mmHg ~, MiBIRPHEEE22.6 05
15.5mmHg ~, £ELEEEE X123 55.9
mmHg N En b EA L, LFREIE 2.11 45 3.10
L/m/M2~JEHOL 72,

Vil. AVR Ti&, [UERAES =137 18.5 mmHg,
BEATEEIX 1.58 cm?TH - 72, EEHARERAED
29.2 mmHg iz, #%#131.26 cm*ic&k L7z,

IX. MVR Tid, F#lREEALIXMTRITE 15.7 225
s ¥4 10.2 mmHg ~, WMiglRPEEX 28.305
18.7mmHg ~, EEILBEHRPEIEL11.8,» 5 6.5
mmHg AT b E L, OFREUE 2.30 225 3.03
L/m/M2~$EmL iz,

X, MVR T, #REEEZEIZ¥Y5.0mmHg,
EMAOEEIE 1.93em?> Th - 72, EBBETMEAIE IR
7.9mmHg 17, %% 1.42 cm2 &b L7z,

A, HEEHR & ERE, B3R OEREO M,
AVR, MVR & b ot Ao b o, BI6HME
EHECHENRE, BEL o BRI RanEh
27,

. RS, MITEEMCERLRENES
, AEEERIC L RIFLBRESR E Rz,

# i
BER 25 CHa, HHEY, HEMEE- - B EHHR
CEEOBELRLET. SR ATHHBREREFRCHES
BB & B e SR T E PR — BRI, RAKERE)
BREWEE, 6 CICER, BRI L b SRLHEG
EHOLSRAZEFHE 1 ABEREOHZASAICH
CE#uLET,

X o

1) Hufnagel, C. A., Harvey, W. P., Rabil, P.
J. & McDermott, T. F.: Surgical correction of
aortic insufficiency. Surgery 35, 673-683 (1954).

2) Carpentier, A., Lemaigre, G. & Robert, L.:
Biological factors affecting long-term results of
valvular heterografts. J. Thorac Cardiovasc Surg
58, 467-483 (1969).

3) Carpentier, A., Deloche, A. & Relland, L.:
Six-year follow-up of glutaraldehyde-preserved
heterografts. J. Thorac Cardiovasc Surg 68, 771-782
(1974).

4) Stinson, E. B., Griepp, R. B., Oyer, P. E. &
Shumway, N. E.: Log-term experience with
porcine aortic valve xenografts. J. Thorac Cardio-
vase Surg 73, 54-63 (1977).

5) Cotter, L. & Miller, H. C.: Clinical and
hemodynamic evaluation of mounted porcine

#

heterograft in mitral position. Br Heart J. 41, 412-
417 (1979).

6) Cohn, L. H., Koster, J. K., Mee, R. B. B. &
Collins Jr, J. J.: Long-term follow-up of the

-Hancock bioprosthetic heart valve. Circulation 60

(Supp 1), 87-92 (1979).

7) HWHARED - 2L - AARFBRI - SIFHRES - BH
AR -£5: BEOEAC L 2 REMRABEROMITE)
BED AT, MgERsbEL 35, 278-281 (1982).

8) HE -HMHRD MAFSE - LEFEL - BIHERX .
BREOEABERORPTER. BKMIESAEL, 18-29
(1981).

9) HER - JLEX - SHRZER - FIHF, 182
S SEARARIC B 2 AEEREORERE. A
T fii2s 8, 140-143 (1979).

10) Gabbay, S., McQueen, D. M,, Yellin, E. L. &
Frater, R. W. M.: In vitro hydrodynamic com-
parison of mitral valve bioprostheses. Circulation
60 (Supp 1), 62-70 (1979).

11) %ER - FIRHEE - BWILESR, WIRES - ANRE
#: B £ ® Turbulance - Mechanical valve &
Xenograft DZERE-, AR 10, 601-605 (1981).
12) 4HER- - ASEH 0¥ ANETEYREO
HEREFIZ OV T, ARS8, 108-111 (1979).
13) THIIESE - BEFEZ - Balsi— « KTHE - AF
EA ALDEROBEFMEY R 7 4. HEEATHO
HEEESTM, A TSR 10, 586-589 (1981).

14) #EE - BE— EEBEH-  XBEEH - RFF-
FIREBE . ST — VT NT e FABRBRKERAF DR
BhriE. BHastessE. 29, 56-62 (1981).

15) B AJIEGRE D S AT ATHOFR A
THERR. 7, 460-463 (1978).

16) Fujita, T., Kawazoe, K., Umezu, M., Kito,
Y. & Ohara, K.: Valve characteristics and its
clinical application, especially on the biological
valve. Jpn Ann Thorac Surg 1, 30-42 (1981).

17) Kloster, F. E., Farrehi, C., Mourdjinis, A. &
Hodam, R. P.: Hemodynamic studies in patients
with cloth-covered composite-seat Starr-Edwards
valve prostheses. ] Thorac Cardiovasc Surg 60, 879
-888 (1970).

18) Bjork, V. O., Olin, C. & Rodriguez, L.:
Comparative results of aortic valve replacement
with different prosthetic heart valves. Proceedings
of the 10th Congress of the International Cardio-
vascular Society, Moscow, August 26-28 (1971).
19) Winter, T. Q., Reis, R. L. & Glancy, D. L.:




BB LA HEE O RERHVERIRAURT SR 361

Current status of the Starr-Edwards cloth-covered
prosthetic cardiac valves. Circulation 44 (Supp 1),
14 (1972).

20) Starek, P. J. K., Wilcox, B. R. ! Murray, G.
F.: Hemodynamic evaluation of the Lillehei-
Kaster pivoting disc valve in patients. ] Thorac
Cardiovasc Surg 71, 123-128 (1976).

21) Pyle, R. B,, Mayer, Jr., J. E,, Lindsay, W. G.,
Jorgensen, C. R. & Wang, Y.: Hemodynamic
evaluation of Lillehei-Kaster and Starr-Edwards
prostheses. Ann Thorac Surg 26, 336-343 (1978).
22) MecAnulty, J. H., Morton, M., Rahimtoola,
S. H., Kloster, F. E., Ahuja, N. & Starr, A. E.:
Hemodynamic characteristics of the compostite
strut ball valve prostheses (Starr-Edwards track
valves) in patients on anticoagulants. Circulation 58
(Supp I), 159-161 (1978).

23) Reis, R. L., Hancock, W. D., Yarbrough, J.
W., Glancy, D. L. & Morrow, A. G.: The flexible
stent : A new concept in the fabrication of tissue
heart valve prostheses. J. Thorac Cardiovasc Surg
62, 683-689 (1971).

24) Hannah I, H. & Reis, R. L. : Current status
of porcine heterograft prostheses: A 5-year
appraisal. Circulation 54 (Supp IIf), 27-31 (1976).
25) Morris, D. C., Wickliffe, C. W., King I, S.
B., Douglas, Jr., J. S. & Jones, E. L.: Hemo-
dynamic evaluation of the poscine xenograft aortic
valve. Am ] Cardiol 37, 157 (1976).

26) Cohn, L. H., Sanders, J. H. & Collons, Jr., J.
J.. Actuarial comparison of Hancock prcine and
prosthetic disc valves for isolated mitral valve
replacement. Circulation 54 (Supp III), 60-62 (1976).
27) Blank, R. H., Pupello, D. F., Bessone, L. N.,
Harrison, E. E. & Shar, S.: Method of managing
the small aortic annulus during valve replacement.
Ann Thorac Surg., 22, 356-361 (1976).

28) Cevese, P. G., Gallucci, V., Morea, M., Volta,
S. D., Fasoli, G. & Casarotto, D.: Heart valve
replacernent with the Hancock bioprosthesis:
Analysis of long-term results. Circulation 56 (Supp
), 111-116 (1977).

29) Lurie, A. J., Miller, R. R., Maxwell, K. S,,
Grehl, T. M. & Vismara, L. A.: Hemodynamic
assessment of the glutaraldehyde - preserved
porcine heterograft in the aortic and mitral posi-
tions. Circulation 56 (Supp II), 104-110 (1977).

30) Levine, F. H., Buckley, M. J. & Austen, W.

G.: Hemodynamic evaluation of the Hancock
modified orifice bioprosthesis in the aortic position.
Circulation 58 (Supp 1), 33-35 (1978).

31) Craver, J. M., King III, S. B,, Douglas, J. S.,
Franch, R. H. & Jones, E. L. : Late hemodynamic
evaluation of Hancock modified orifice aortic
bioprosthesis. Circulation 60 (Supp 1), 93-97 (1979).
32) Nelson, R. M.: The selection of cardiac valve
substitute. Ann Thorac Surg 26, 291-293 (1978).
33) WFHEX - -BHEE-ILAEX - RABN - LRE-
WEES - SHR=EE - FOAFE : £FFIC L 5 KE
WA BHUESIOMTTENRETEM & IR, ATEESR. 8,
136-139 (1979).

34) ATTELE: KEMRABILAREICHET 2 EEBRWEF
8. Bas &8, 29, 1200-1213 (1981).

35) Glancy, D. L., O’Brien, K. P., Reis, R. L.,
Epstein, S. E. & Morrow, A. G.: Hemodynamic

studies in patients with 2M and 3M Starr-Edwards
prostheses : Evidence of obstruction to left atrial
emptying Circulation 39 (Supp 1), 113-118 (1969).
36) Lillehei, C. W., Kaster, R. L., Starek, P. J.,
Bloch, J. H. & Rees, J. R.: A new central flow
pivoting disc aortic and mitral prostheses: Initial
clinical experience. Am J Cardiol 26, 668 (1970).
37) Hawe, A., Frye, R. L. & Ellis Jr., F. H.:
Late hemodynamic studies after mitral valve
surgery. J. Thorac Cardiovase Surg 65, 351 (1973).
38) Brown, J. W., Myerowitz, P. D., Cann, M.
S., Colvin, S. B., McIntosh, C. L. & Morrow, A.
G. : Clinical and hemodyn‘amic comparisons of Kay
-Shiley, Starr-Edwards No. 6520, and ReisHancock
porcine xenograft mitral valves. Surgery 76, 983-
991 (1974).

39) Fernandez, J., Morse, D., Spagna, P,
Lemole, G. & Gooch, A.: Results of mitral valve
replacement with the Beall prosthesis in 209
patients. J. Thorac Cardiovasc Surg 71, 218-225
(1976).

40) FRHER-FIBEETE, MHEERK, AER-BRHEEZ-
BAEZ: HEIEABEECHENCS T 2RBEHA. MR
B, 32, 85-92 (1979).

41) Johnson, A., Thompson, S., Vieweg, W. V.
R., Daily, P., Oury, J. & Peterson, K. : Evaluation
of the invivo function of the Hancock porcine
xenograft in the aortic position. J Thorac Cardio-
vasc Surg, 75, 539-605 (1978).



362 # F

42) Spray, T. L. & Roberts, W. C.: Syructural in glutaradehyde-preserved Hancock valves in 41
changes in porcine xenografts used as substitute patients. Am J Cardiol 40, 319-330 (1977).
cardiac valves: Gross and histologic observations

Experimental and Clinical Studies on the Function of Cardiac Bioprosthetic Valve ~ Katsu-
mi Yokoi, Department of Surgery (I) (Director, Prof. T. Iwa), School of Medicine, Kanazawa
University, Kanazawa, 920 — J. Juzen Med. Soc., 92, 346 —362 (1983)

Key words: Cardiac Bioprosthetic Valve, Hancock Xenograft, Pulse Duplicator System,
Hydrodynamic Characteristic, Hemodynamic Characteristic
Abstract

The present study was attempted to examine the Hancock xenograft (HX) valve for in vitro
and vivo functions of the cardiac bioprosthesis. As an in vitro study, hydrodynamic and flow
characteristics were evaluated using the pulse duplicator system by our own device. As the
control, three types of mechanical valves were employed; the Bjork-Shiley (BS) valve, the St.
Jude Medical (SJIM) valve and the Starr-Edwards (SE) valve. Hydrodynamic characteristic was
surveyed as to the following seven parameters; pressure gradient, discharge coefficient (Cd),
effective orifice area (EOA), leakage flow at the steady flow, flow rate, peak pressure gradient
and ratio of valve-full-open time to total diastolic time at the pulsatile flow. Flow characteristics
were evaluated by the aluminium powder tracer method under the pulsatile flow. For the
evaluation of the in vivo function of the HX vaive, cardiac catheterization was performed for 32
patients undergoing aortic valve replacement (AVR) or mitral valve replacement (MVR) one to
62 months (mean 13 'months) after the surgery.

The results were as follows:,

At the steady flow, the S‘JM valve showed the minimum value of pressure gradient and the
maximum values of Cd and EOA. The HX valve, however, showed the largest resistance that was
an unfavourable property as the cardiac valve: it had the maximum pressure gradient and the
minimum Cd. On the other hand, at the pulsatile flow with less than 120 bpm, the HX valve
exerted the best character as shown by the minimum peak pressure gradient and the maximum
flow rate. :

In the study on the flow characteristics, the SE and BS valves exhibited unfavourable pro-
perties as the cardiac valve since the SE valve showed extensive stagnation and the BS valve
produced turbulant flow. On the other hand, the SJM and HX valves exerted favourable central
flow with neither stagnation nor turbulant flow. The cardiac catheterization clarified that the
implanted HX valves held satisfactory function. Sixteen patients with AVR had a mean peak
systolic gradient of 18.5 mmHg and a mean valve area of 1.58 cm?. Sixteen patients with MVR
had a mean pressure gradient of 5.0 mmHg and a mean valve area of 1.93 cm?. No regurgitation
was encountered through the whole series either in the patients with AVR or with MVR. Fur-
thermore, these pressure gradient or effective orifice area did not change even in the observation
during a long period. From the results of the present experimental and clinical investigation, it
was concluded that the HX valve had satisfactory functions in terms of hydrodynamic and
hemodynamic characteristics in the selected flow condition such as pulsatile flow of the beating
heart,




