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1. WLy A 22 B AT,

MR > 71: 22 R EEEDS pusher-plate B>
7" (LR 60ml, A.GH:40ml) T, WAL
RO O 2N £ 1250 & 21mm@ Bjork-Shily
#¢ (Shiley Inc., Irvine, CA, USA) »#35E 3 1,
pusher-plate & /~7 2> 72 1 #9) magnet &
Hall effect sensor 7" #lARAFN T 59, B
BRE IR — e TG A T GRS E

(Model-113, &AT#, ®R)2FEHL, £
JE[AIHA variable rate mode TEREHL 72,

MR 7R T 2% - RLEN =21
ERELZmO R e = L8 T, #Ehh==a
VOKIRICRYARN ALNE (EE12mm) »°
ENDIFLN, By =2 vaEicid 4 @8
HILABET 5N T3, Eh=2 VDRI F
NENGERIMHA © 22em, AEMA | 14em, EB
A 19cm, AXMA : 16emTH 5, MBI
ERMOBLORYTRU A= 2V O MEHEME
{3 segmented polyurethane (Biomer, Ethicon,
Somerville, NJ, USA) Ta—F4>7&n<T
W5,

2. A S

EMmiink ' P 1358 (45~60kg) %#Fv, ~
232 10mg/kgBpiEE N £ 3.0%Ic kB A D
—A T 7L a VICTHEBEA, RENEEL
To B ARSI L D GOF MEe (o +
>»0.8~1.5%, ER50%) ##REL:. E$5
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BRI CRBL, RHERPROLENIEGNH
AT—TNEENEEEREL VFEAL, EbIC
ALERBGBEIOT—2 L Tary te—LdD
]Il 24T - 72, ~s%) > 1 mg/kg & e 5-4%, MR
TAITRERE WEHTFIcTHA F 7707 Lk
% =2 L s AT SR e L.
ROTELGEICLE#HFE2HTTCIT 70077
7y 7MoOMEROEY 7REEEL, It
BLIRILAY =2V 2ELECHALBESEL .
AL A = 2 v ZEMAI & ) MBENA~E TR
DRMAE R 7 &k L. RERIC EMiERIc
#if =2V EREUYAL, GLEICEEL
LEA7%BLTELY =2V 26 0EBICHEA
BEL, W R OALBER Y 7 LBk .
£ =2V OB BRI I ESEA L ED
Bk FHT 220 F 7007 w0,
) LTEELET LMl S4 228 AT
fig % Z£AJEEIEA variable rate mode TEXE)RR
mL, EXMERC CHDLEE LEME L L
72, L7zh%-> TLIBIZKIEIR - MIBIRE LES
IS S A 2 2B AT D A CTHER E L7z
(Fig. 1) mMEREFBENEX %0 & LALKY
TOHER L > TRIERE & L9, WATEIRENEH

Fig. 1 The schema of biventricular bypass sys-
tem using two pusher-plate pumps.
MG LED & EMBIR~, EGEH 5
MaER FATKENRAN XA 2¥ 2 L 72, EHDOR
> 713 3EEHA variable rate mode THEE)
L 7.

®w E

BE) 757 (3600 AT 4, ZHHEIE, FK)
T » 72, BORUHEOREIITHT, T2
kBRI W RIT b L h - 72,

M 1,3,5,7,10,14H BB LBEERIC
B 7IaENS, KEMARE, POBIREZRIZEL,
I, ~E7 vy, nEEHE~E 0L,
HRARALVEY, 2NUFVIN, LAY, T
FLFyr, JATFVFYY, LEV=E
%, LEEF Y TLARRXTIAF, b3
—FH o=, HfoxL  DRMEIT> 72,
£ T E + R RAFZ TRL, Student’
stREIZL N p<O.05NEAEZFFEE L. &
Brya—fFHfua=y, H4aXir, ai
FYNMCRD b NI MERELUT AT —2icD
WA A L DFE VIR HIEBRENL/20E
LTI 7,

i ES

BV P32 ~48H (F11.28) £F L (Fig.
2), ECRRIIMRAES, Bkl BEEE
DG 3, BRET A Il & 5 11 Th
-7z (Tablel).

K> 7HBIZH% 1 B H91.1£9.1ml/min/
ke, fi7%% 3 H H93.7+6.9ml/min/ke, fii7%5 H
H94.7+7.6ml/min/keg, #ff4% 7 H H98.1+7.3
ml/min/kg, 5108 B 98.8i7.6m1/min/kg,
MiH814A B99.5+5.9ml/min/kg & EE LR 28
I CT#190~100ml/min/kg & B BENEE % 13T
—ENMKEH PRIz 7z (Table2, Fig.3).

FEIREIIREIZ 2> F v —)LfE85.3+10.9mn
Hg <Y, #if41 HHI379.4+11.2mmHg, 1§

Fig. 2 The No.4 sheep in this experiment on
the 44th post-operative day.
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Table 1 Experimental animals.
No Body Weight Duration Cause of termination
(kg) (Days) .
1 52 12 bleeding from arterial line
2 55 6 pneumonia
3 60 3 drive console trouble
4 50 48 sepsis
5 60 9 drive line occlusion
6 57 20 respiratory failure
7 50 11 respiratory failure
8 53 3 sepsis
9 53 2 sepsis
10 45 5 respiratory failure
1 56 5 drive console trouble
12 51 15 sepsis
13 55 6 respiratory failure
mean=S. D. 53.6£4.0 11.2+11.8
Table 2 Hemodynamic and hormonal data in this experiment.
Control 1 3 5 7 10 14
Total flow (ml/min/kg) 91.1+9.1 93.7+6.9 947176 98.1+7.3 98.8+7.6 99.5+59
(n=13) (n=12) (n=10) (n=6) (n=5) (n=3)
Mean AoP (mmHg) 85.3£10.9 79.4%112 829+11.1 825+11.7 81.7+89 82.0+8.9 84.0+0.8
{n=13) (n=13) n=12) (n=10} {n="6) (n=5) (n=3)
C. V. P. (mmHg) 49+1.1 132+35** 13.1x24** 128+3.7** 10.7+1.0** 105+2.8* 10.0+1.4*
(n=13) (n=13) (n=12) (n=10) (n=6) (n=5) (n=3)
Lactate (mg/dl) 15.1+4.8 10.8+3.7 7.3+3.2** 9.0+2.3* 83X26 66t14 5.9+0.7
(n=13) (n=13) n=12) (n=10) (n=6) (n=3) n=3)
Hb (g /dl) 9.0£1.2 99x12 9.1+12 8.2+13 8.1x0.6 79x09 7.3+£09
(n=13) (n=13) (n=12) (n=10) (n=6) {n=9) n=3)
Free-Hb (mg/dl) 25+16 96+4.4** 7.3+5.0* 66%55 47+40 3.7+08 62+2.2
(n=13) (n=13) (n=12) (n=10) {n=6) (n=5) (n=3)
ADH (pg/ml) 222497 14£13** 22412** 27429 2240.9** 22+0.3* 19+1.1*
(n=10) n=10) n=9) (n=8) {n=5) n=4) (n=3)
Cortisol (ug/dl) 87127 6.6+3.2 1.3£0.8** 14X13** 0.8+04** 0.8£0.3* 0.9+0.6*
{(n=10) (n=10) (n=9) (n=8) (n=5) m=4) (n=3)
Insulin (¢ U/dl) 7.0x25 12.2+4.5* 12.4%42* 101£1.4* 12.0+25* 13.8+23* 11.0+14
(n=10) {n=10) (n=9) (n=8) {(n=5) =4 (=3}
Adrenaline (pg/ml) 91+74 173+109 115+131 125+104 105+85 154 +154 113+86
n=13) (n=13) (n=12) (n=10) (n=6) =9 n=3)
Noradrenaline (pg/ml) 225+145  624+415* 3411£293 486 £527 957+639* 662 502 553+322
(n=13) n=13) n=12) {n=10) (n=6) (n=5) (n=3)
Renin (ng/ml/ h) 1.3+0.9 0.3+0.2* 0.7£0.5 15+1.2 0.5+£04 0.8£038 07105
{n=13) (n=13) (n=12) (n=10 (h=6) (n=5) n=3)
A. N. P. (pg/ml) 31+10 28+9 38+19 914+43** 131£32**  129+24**  157+17**
n=10) (n=10) (n=9) (n=8) (n=5) (n=4} (n=3)
Triiodothyronine (ng/dl) 133+33 12£6** 25+ 14** 48 +28*%* 56+15** 51+13** 47+14*>
{n=10) {(n=10) (n=9) (n=8) (n=5) n=4) (n=3)
Thyroxine (ug/dl) 6.7t14 0.7£04** 14£1.3** 3.0+1.8** 3.7x1.6* 3.3+1.5* 3.410.2*
(n=10) (n=10) (n=9) {n=8} {n=5) {n=4) (n=3)

Mean AoP : Mean aortic pressure, C. V. P.: Central venous pressure, Lactate : Venous lactate,
Hb : Hemoglobin, Free-Hb : Serum free-hemoglobin, ADH : Antidiuretic hormone,
Renin : Plasma renin activity, A. N. P, Atrial natriuretic peptide.

* [ Significant compared with Control (p<0.05).

* * © Significant compared with Control (p<0.01).
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Total flow(m!/min/kg)
120
80
(n=13) {n=12) (n=10) ("TE) (n=5) (n::!)
1 3 5 7 10 14

Mean aortic pressure(mmHg)

100
80]
60 (ne13) (ne13)  (ae12)  (ne10) (ne6) (neS) (ne3)
Control 1 3 5 7 10 14
Central venous pressure(mmH
20
S o
%
L
10
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Fig. 3 Hemodynamic changes.
* ! Significant compared with Con-
trol (p<0.05).
* %  Significant compared with Con-
trol (p<0.01).

%3 HE82.9+11.1mHg, 7125 H H82.5+
11.7mmHg, #i5%% 7 B B81.7+8.9mmHg, #51£10
H E82.0+8.9mmHg, #77%14H H84.0+0.8m
Hgs ANTIERBAMH% L AZROEH L { RIFICH
Han7 (Table2, Fig.3).

FLERIRE (CVP) id 3> b o— Lf#il34.9+
1.1lmHg Th-724% #7141 AB13.2+3.5m
Hg, #7143 HH13.1+2.4mHg, #if7£5 8 8
12.8+3.7amHg, 4% 7 H H10.7+1.0onHg, i
%108 H10.5+2.8mmHg, #i#148 H10.0+1.4
mHg &Mtk 1 BEH L N #igl4B HE Co> b o
—MEICHL AR LA L10~13mHg &%~ 72

(Table 2, Fig.3).

FRIR M FLEREIX 2 > b o —U{#15.144. 8mg/
dicrL, #it%1 B B10.8+3.7mg/dl, #ifk 3
HE7.3+3.2mg/dl, 7% 5 H H9.0+2, 3mg/dI,
M5t 7 HE8.3%2.6mg/dl, #7210 H B6.6+1.4

[l

Venous lactate(mg/dl)

20
*E *
10
0 (n=13) (nw13) (ne12) (n=10) (ne6) {nws) (0=3)
Control 1 3 5 7 10 14
12 Hemoglobin(g/dl)
9
6
(om13) (ne13)  (ne12)  (n=10) (n=6} (n=5) (n=3)
Control 1 3 S 7 10 14
Serum free hemoglobin(mg/dt)
1 5 *¥*
*
10
5
0
(n=13) {n=13} (n=12) {n=10} ('l-‘ﬁ) (n-|$! ("-I3)
L '} L L
Control 1 3 5 7 10 14
Post Operative Days

Fig. 4 Changes in venous lactate and hemoglo-
bins.
% [ Significant compared with Con-
trol (p<0.05).
% % | Significant compared with Con-
trol (p<0.01).

mg/dl, #7#%14H H5.9+0.7mg/d] & MHEIET T
LIAEICH Y, ME3HEE5 HHcHEESY
EHonsz (Table2, Fig.4),

NEZOEVIEIY bo—#E9.0+1.2g/dl
IZxL, Wik 1 BH9.9+1.2g/dl, i3 B E
9.1£1.2g/dl, ##% 5 HHE8.2+1.3g/dl, i
#®7 HHE8.1+0.6g/dl, ##%108 H7.9+0.9
g/di, %148 B7.3+0.9g/dl L FEERR
DLW NDDRFBIET T 21EM% R L7 (Table
2, Fig. 4),

niEEHE~NE o idar Fo—E2.5+
1.6mg/dl Th 7255 ikl HH9.6+4.4mg/
dl, fi§#% 3 H B7.3%+5.0mg/dl, #ff4% 5 H H6.6+
5.5mg/dl, #5747 H B4.7+4.0mg/dl, f7#£10H
B3.7+0.8mg/dl, #F#%148 H6.24+2.2mg/dl &
AL GRERRNICE L Cfi% 188 38 E1
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FHFICERL25, M5 BBLREI 4 ~ Tmg/
dl & B KEIc Rz 72 (Table 2, Fig. 4).

HARAELEY (ADH) 23> b v—)f#222+
97pg/mlic ¥ L C, 4% 1 B B14+13pg/ml, fiF
%3 HHB2.2+1.2pg/ml, %5 HEH2.7+2.9
pg/ml, #i#% 7 AH2.2+0.9pg/ml, #1108 B
2.2+0.3pg/ml, #4148 B1.9+1.1pg/ml & 7
#1BEINVABICERL, Uz EE2H
L7 (Table2, Fig.5).

anFINE T v — L fES. T2 Tug/dl,
Mtk 1 BE6.6+3.2,e/dl, M2 3 HH1.340.8
we/dl, Mi1%5 BB1.4+1.3,e/dl, Mtk 7 HE
0.8+0.4ug/dl, #F#£10H B0.810.3xg/dl, ¥
#%14A E0.9+0.6.2/dl L i 3 BHE WA E
IZETL, Uz onEEsRF%L 72 (Table2,
Fig.5). :

Antidiuretichormone(pg/ml
300

200

100
*k

L % E23 *% *
0 ¥ 3 3 2
(n=10) (n=10) {n=9) (n=8) (n=5) (n=a) (n>3)
Controf 1 3 5 7 10 14
10 Cortisol(ug/dl
5
¥
* = . *
0 (n=10) (a=10) (neg) {n=8) (ne5) (n=4} fnn3)
Contral 1 3 5 7 10 14
Insulin(uU/ml
20 .
* " *
*
10
0
(n=10) {ne10) (n=8} {n=8) {n=5) (n=q) (n=3)
L 1 A 1 1 ]
Control 1 3 S 7 10 14
Post Operative Days

Fig. 5 Changes in the hormonal levels;

antidiuretic hormone, cortisol and insu-

lin.

* [ Significant compared with Con-

trol (p<0.05).
* % ! Significant compared with Con-
trol (p<0.01).

42N vidary ba—ET.0£2.5.0/dl,
#iig 1 B B12.2+4.5,U0/d], fif#% 3 H B
12.4+4.2,U/dl, #i#% 5 B H10.1+1.4,U/
dl, #f#% 7 B B12.0+2.5.U/dl, #§#%108 B
13.8+2.3,U/dl, #4140 B11.0+1.4,U/dl
Ll BBICARICERL, Zo%kiTiziz—
FENE%RL 72 (Table2, Fig.5).

T rLF)vizar b a—) #5914 74 pg/mli
L, ikl 8 H173+109pg/ml, % 3 HH
115+131pg/ml, #5#% 5 B H125+104 pg/ml, #F
# 7 H B105+85pg/ml, #77%10H B154+154
pg/ml, %14 H B113+86pg/ml& #ii% 1 A H
CEWERERL 2 FEOEEITRE hh o
7> (Table2, Fig.6).

LT FLFY vidar b oa—n{E225+145
pg/mlic3F L, #i#% 1 H H624+415pg/ml, #if%
3H H341+293pg/ml, #i#% 5 B H486+527pg/

Adrenaline(pg/ml)

300y
200
100)
(n=13) (n=13) (n-‘| 2) in=10) {n=6) {n=5) (n=3)
Control 1 3 5 7 10 14
Noradrenaline(pg/ml)
1500, *
1000 *
500
(n=13) {n=13} n=12) (n=10) (n=6) (n=5) (n=3)
Control 1 3 S 7 10 14
3 Plasma renin activity(ng/mi/h)
2
1
*
{n=13) (n=13} (n=12) (ne)10) (n=6) (n~+5) {n=3)
L il L 1 1 1 ]
Control 1 10 14

3 S 7
Post Operative Days
Fig. 6 Changes in the hormonal levels .
adrenaline, noradrenaline and plasma
renin activity.
* . Significant compared with Con-
trol (p<0.05).
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ml, fif7% 7 B B957+639pg/ml, 74108 H
662 +502 pg/ml, #f7#%14 B H553+ 322 pg/ml & 7§
#1HB:7HBICHEELEMEEZRL(Table
2, Fig.6).

V=riEEEIR Y P e—U#E1.3£0.9ng/ml/
hizxtL, %1 BE0.3£0.2ng/m!/h, %
3BH0.7+0.5ng/ml/h, #f#% 5 HE1.5£1.2
ng/ml/h, #7#% 7 B B0.5+0.4ng/ml/h, {4
108 H0.8£0.8ng/ml/h, #f#14H B0.7+£0.5
ng/ml/h &% 1 HEICABELET2RLED
HLRRKE % RTEMICH - 2 (Table 2, Fig.
6).

LEEF ) 7 LFER7 24 F (ANP) (2
2> b o—/){E31+10pg/ml, itk 1 H H28+ 9

pg/ml, #i#% 3 B H38+19pg/ml, i 5 HE .

91+43pg/ml, #71% 7 A H131+32pg/ml, itk
108 H129+ 24 pg/ml, #i#%14H H157+17 pg/ml

200 Atrial natriuretic peptide(pg/ml

ek o

100}

oL
n=10} (n=103 (0=9} (n=8) n=5) {n=4) (n=3)
1 1 1

Control 1 H 7 10 14
Post Operative Days
T T Triiodothyronine(T3) (ng/dl) oo
160 8- i
Thyroxine(T. /dl —e

8ot 4t

o- o
n=10} (n=10} (ns9) (n=8) (n=5) {n=1) n=3)
L s

L L N L )
Control 1 ? 10 14

3 5
Post Operative Days

Fig. 7 Changes in the hormonal levels ; atrial
natriuretic peptide, triiodothyronine and
thyroxine.

* ! Significant compared with Con-
trol (p<0.05).

% % . Significant compared with Con-
trol (p<0.01).

i

EMiB S BEHLNAFEICERL, WESEAT
ar b u—EDK 31E, Wik 7 HB TR 4 1,
#1148 BT 5 fEnE% R L7z (Table 2, Fig.
7).

BRIRRALEIZ P ) 3—FF A o= (T,)
H¥a> b v—E133+33ng/dl, #i#k 1 B B12+
6 ng/dl, #7143 H H25+14ng/dl, &5 HHE
48+28ng/dl, #it 7 B B56+15ng/dl, #i#10
H E51+13ng/dl, Mi1%14H H47+14ng/d], #
Aaxy o (T,)har e—E6.7t1.4ug/
dl, #i#% 1 B B0.7+0.4ug/dl, #f#% 3 H B
1.4x1.3ug/dl, #i#%5 HHE3.0+1.8xg/dl, #f
#7HHS3.7+1.6ug/dl, #7108 B3.3%+1.5
wg/dl, Mit%14 B H3.440.2ug/dl & 2 LENAM
#1B8iIc2> b o—ENHI%IcE THE
IET L 2 #igcic E& L7225, #iitk5 HEL
fE12 T 2 > b v —ND#40%, T H#550% T
75 b —%RL, 3F—F L% -7 (Table2,
Fig.7).

% E 3

AL LB LFBHEAD T ) o PERIZDNT
BRKTOBETIC & % &, 19894 — £ [ 132990
BN LFEFEHAT HN12V05, F D 5 BLI6FIZ 7Y
v PR (RE1S3EM) #Thh, ZoOWRI
TElar <A 22 2 BRI B A TG (LVAD) #2341,
W34 2 2 BB AT (BVAD) 336,
STLERUWATLE (TAH) 2060 TH - 7219,
Z ORI TR B, LBEE, B
BRE%DIEIZZNF, LVAD: 288, 12,
1050, 43%, BVAD : 118, 18%l, 126, 36%,
TAH : 168, 1261, 2%, 10% & /<4 »<2 544H
AT GCRERF CRIFLBEERLI®, £72
LEHETR30H B CORTELRE I LT 5D,
7y P L TOLHRERER T10~12%, LVAD
7y P #EO.CHERER T2 9%, BVAD 7Y
2 T18%, TAH 7)) » > Ti323%ThH M, =
DRTH 3 2 B AT BB T REF
TRGRE A L 721, $£7219904F 1 A kE Food
and Drug Administration (FDA) »{&#)
TAH o Jervik- 7 DEERIGBREFT 2 WD iH L
fzhZntk TAH 7)) o SERBITEGRE L, 1993
Fon1F£@E Tl LVAD 2081, BVAD 106lic%f
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L TAHIZ 0Bl k7220, Tk Inbiik
XA 2RI AT & SEL BRI A TR
DEERBAED LBRETHIAT b T e\,

WRARZBATGRIZBRLZIRL i
HENBORETCER LB T LI LV TE,
L LBHERCEERNORE L v, ERIC
J-oTHBECLDAEELHFTZ L5415 2,
UEL D OGRBIE~NDTY) » 2 LTH B WA
BATRE 2 EIE LBEEEEE I T 2 —FRAY LB IR
WHEBL L CBELLCATLTHEEEZDL
nas.,

4| L 72 pusher-plate B! & > 7Tl
Hall effect sensor {Z & '} pusher-plate O &
PRBL, R 7EHoHIEEEHEDFE
#1795 . Variable rate mode (2 fill-empty
BEy AR THY), FATOBRICIEL TR 7
e EEANC L R THRE S ELEE
5, ZOlHRY TERENCERL, E£&KA T 2
—InE=F ) T RLEE L WA ERT
%, ¥ 7z pusher-plate #8BE L1254 T 77 4
BECEWTE), K 7HRENEEL DL
(R 7HMBEROTMRELIIZ 5N b, &
£3IERLA variable rate mode (2 FENE— I
TERHTE2ENKR 72U L THEALLL
NDTH 5,

BREIEIZ OV TE CVP nBEED ER/H R
B H NI T TFHRBRE, K 7REE D
IZBIFC#F I Nz, CVP D ZEfbizDwT, —
IR B R G NEE £ RAZHRIL) CVP D
BTREOHON L o7, b E=2 Tk
FAlg#iECc L 5 CVP nEtiz@ZBdonir -
72.CVP ERDERERIZ W TIIBEL Y =217
WAER, LEDatrial kick Dk, =2 L
EEICHIERICL B LEN Y —3E LT
BEENBEROBIFrRENHSL T 5
NEEZ LN,

ERIR M ZLELE L MR L N TOBBALIC &
SHMRNEBEREBERTICINEZ 2BARHT
ERT B RIEBEROREHELELN T
5%, INHMEEERLIZZ L& D RBERL
RIFICHERINI Z L hoRE N,

MENE 708 EEREIET T 28 m
Hotzhi, MEEHE~E 7 0L EIZ R

BRI NIz b5, MR T2 & BEM
LUNoBFEHI#EIN:, ZNE2WTIZED
LIRS 5 id GEMENC L ) BEEEN 2 %
S NTRREMIC BT 2 BMAER S L DR
EZNT0 R0, BELHEBIP RN T 55
BRI INBOATELICEREL 2222 25,
ZDFRE E L T A S THEN R AR BE T o) BRIk
RLEDETE2EERL, FRRRHEALES
ke (TRH) 285 TZHBELNHY
FERLLZ, a2 DERTLHERT 200 < Bk
LB DETHRBH LN, B & FIRRE
T EDRESHEI NS,
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Hemodynamic and hormonal changes under
the biventricular bypass system with
ventricular fibrillated hearts
Hironobu NAKAYAMA
Second Department of Surgery,
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(Director: Prof. N. Shimizu)

Hemodynamic and hormonal changes were studied in 13 sheep whose entire circulation was
maintained by a biventricular bypass system with a pair of pusher-plate type blood pumps.
Ventricular fibrillation was induced and pneumatically driven pumps placed outside the body
kept the animals alive for 2-48 days (average: 11 days). Pump output and aortic pressure stayed
within physiological ranges, but central venous pressure was elevated from 5 to 10-13 mmHg
after surgery. Serum levels of antidiuretic hormone, cortisol and insulin were stabilized soon
after surgery. Adrenaline level and renin activity did not change significantly. For unknown
reasons, the noradrenaline level showed a temporary increase after a week. Atrial natriuretic
peptide (ANP) increased significantly 5 days after surgery. There were significant drops in
triiodothyronine (T;) and thyroxine (T,) levels after surgery with gradual recovery afterward
to 40% and 50% of the control levels, respectively. These results suggested that the
biventricular bypass system maintained hemodynamic conditions similar to those maintained
by the natural heart, although ANP, T; and T, values were changed.



