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=Abstract=
The Animal Experiments of Total Artificial Heart at the
National Cardiovascular Center in Japan

Young Hwan Park, M.D.*, Tatsumi Eisuke, M.D.*, Masuzawa Toru, M.D.**,
Taenaka Yoshiyuki, M.D.™, Anai Hirohumi, M.D.*™, Wakisaka Yoshinari, M.D.**,
Eya Kazuhiro, M.D.**, Toda Koichi, M.D.**, Baba Yuzo, M.D.**, Akagi Haruhiko, M.D.**,
Araki Kenzi, M.D.**, Nakatani Takeshi, M.D.**, Takano Hisateru, M.D.**

Recently we developed the concept of totally implantable electrohydraulic artificial heart. We tested
the artificial heart which was drived by external compressive air in the calves. All three calves had
pneumonia before surgery, so postoperative course was not only bad but also the results was not
good. The first calf died of severe pneumonia on 76th day, the second calf died from troublesome
bleeding and uncertain allergic like reaction, and the third died because of bleeding. However, the
performance of the artificial heart was good, and especially the blood contacting surface showed
excellent hemocompatibility. The anatomic fitting was also very good even in the 35Kg small
newborn calf. During treadmill test, the first calf did not well tolerate for 1 minute but by the Full
Fill Full Empty control method the artificial heart responsed well to the physiologic needs. In
conclusion, the artficial heart had the very good hemocompatible surface, however, the volume of the
artificial heart was a little deficient for the calf and the control algorithm needed further development.

(Korean J Thoracic Cardiovas Surg 1994 ;27 :824-32)
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Right Heart Pump

Left Heart Pump

Fig. 1. The concept of electrohydraulic TAH
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Table 1. Materials
Sex Weight
T9301 F 54kg
T9302 M 47kg
T9303 M 35kg
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Fig. 2. Opening of right ventricular free wall
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Table 2. Results

CPB Time Hypothermia Hb  Survive Cause of Death
T9301 127min  29.6°C  49g/dl 76day  Pneumonia
T9302 147min  30.7°C  43g/dl  9day  Allergy*
T9303 123min  30.8°C  27g/dl Oday  Bleeding

* allergic to Erythropoietin and troublesome bleeding with anemia

40

w
-4
2
m 30 1
-3
o
o 201
<
E
3 10"‘
s
3 01
-4
10 T —T— T
0 50 100 150

DAYS

Fig. 6. Trends of right atrial pressure on siung positon

Q
51
f

PRESSURES

g

DAYS

Fig. 7. Trends of mean puimonary artery and aortic pressure
PAM : Pulmonary Artery Mean Pressure
AOP: Aortic pressure

$H < 27 SommHg, 100mmHg ¥ F¢17] af Fof vt
ol Fo] AltErE £ 7 UA7] WEel A (Fig. 8).

T9302+= Aol A3Al WU Felxdovt #aF
YR oF 2000cc ] FHe] Bodtdom FEF 99 A
Lol wide] 348 9)8) %43 Erythropoietin & & o}
2 2 kg-o] ot Fabshalet.

TEboll AHERE 3319 (1,300c0) 5o Qg F J
Aeko] 20gm/dl HEZ 3] Pol x| Ho| Erlsslgl
om FeZa F YA

=
%T

]

)
Ho
_O'I_l

HAt

ofy

o] Fo}x|e] £FR817 AHA 2= Fig. 99} 7k el 7}
] dol oF 183 £EHAALE AlAstdn). g

=
%_7(

52

140

120 ¢

100

HEART RATE

—o— RT.RATE

0 o
8 ——e— LT.RATE

60 T T
0 20 40

DAYS

60

Fig. 8. Trends of heart rate of right and left pumps

[BPM] LEFT HR

130
» P Vi -
4 b d g 4 l\NM\
120 1SN RIGHT HR
110 l
[%1 50 /Y RIGHTSD
46 p A Ja}
V LEFT SD
42 ! |
[mmHgl ] T
80 \Vf/ AoP
40 PAP
T
0 [ |LAP RAP
80 ——r '
601 |1\ O e
(%) = 5v02
0 1 2 3 4 5
e MINUTES

TREADMILL TEST (1 MILE/HR)

Fig. 9. The results of treadmill test
BPM : Beat Per Minute, HR: Heart Rate,
SD: Systole Diastole Ratio, AOP: Aortic

Pressure

PAP: Pulmonary Artery Pressure, LAP: Left Atrial Pressure,
RAP: Right Atrial Pressure, SVO:: Systemic Venous Oz

s

o

HERE PAA Bess e B
)

—829—

dulal © 2 Folz| 9] thabA @ T8k (metabolic demand)-&-
<9} percent systole & Z7}A#A ¢k 9L /min7}A] A)
A& g clgded o

4L 20mmHg, AF2 kS 10mmHg, #4142




T9301 2] b4, AAel 543k o)t 28e ey
7] edereh. QAFAAE Adol AAsi7) Witol 4ol
2435 o] elglom S uwt 7w ¥l A

Shel 3l &2 7hbe] c1ela ubgse] GAlel HE
o] AL} o] A& Wlo] Malshrio] WA £F

uk
=
Jol vhe M & 70w whekElc) Telu} A4S 7 a)

Aol FAe w5 lsdch 193022 <lFAl "‘011*1*“—
A Aol B 3z 213515l & *Ho] glali=d] FAIA ol &%
o] 71 ol f-= B 2| ofrh. T9303-& A le] A3 glal t}

a =

o2} 7hx] A gl B35t 7ol gl ] A
FAgA = Alo] Aytelli= wbijo] glvh Aol A2 o
Aoz A FApr} glojof shtll Al F-H el vl sk
Hale] -2 oot wpefa] Azl zba

ToNEsted Abg-abadct. @7k HAA A oL Q134 A
= AlEthe 32 vl falel oF 400 A ]”:1 ’\}%
3l A A Jarvik-7 3-8 v EEE 1179
o} A=} bl Ax 2 1P “ﬂ v
thar shlch o] 7 B o) el A FrIstew 53 A
ol AlHel wigial = gl AV 2 5 E RE2 o

FA o &  Pennsylvania state university'”, Cleveland

o‘l:(:)l»\] XL,O S5

\

N

=] \:-ﬂo]

clinic'"”,  University of Utah'’, Baylor colledge of
medicine', 28] 3 Abiomed'” %2 Hulo|t} ghH AR
o o)A Al o @ Al g} 9l #] 9Fx|uF el v} &ural

A FYER7 YA IR FHA AT L 32

o st 3“3401 A S el F AR AP 4
$-Z=Al2L o 2 3§}

<= 5] EA|vhef &2 2
’H "’F%% = % %7]% o] g3l gH7hg-t o] +F 3t (pus-
her plate)o] #-9-2 o]FstH ] AvtEet= Heljojn] =
Yo7 Alele] 1 Z A RS electrohydraulic type &8
regenerative motor 7} Al 2] &Z#-& FE310 o] Ae|Z 57}
45 AT e b Fahes o)t o] A2 Hofol
A&} v =83 =2 7] 7 2hel AA W ] o] A1 A (Anatomic
fitting)o] EE3VME A 5o] F3tcl 2 Agd AL &
G QATARL el A TGO Z B FFHH w
o2 A3t
NCVCH <lgi e 24dE T8shes

fo

m:

FrAA 7

o §-2] 7|
1994:27:824-32

7lskel AL EAEke] bl Fub b o] dojube
AE HFE7E At o)Ae] wFEe AvbErE
Zo) 7t} Percent systole & F7FA1A A At b Fwt
) R Fol 7hestes shalch vt whye] 1Al
2 whel 9 2t Al e o] o 55 54 8l7] 7} o7
7] el 9“4%”* stk o g 2ashd Auby
ol wheh At ey AbES ¢ ook 2 FEH R
w Aeista el Ak wke-ahe qlaalgolojof sh=r
Abain ko] o) A J {75 & vhehf g ofef 1l
S8k 24 o] %?a o7 ®ar gl

128571 F&A Ao g Eo

3a Fedo] 55K} golol &
ot oAl ofapH Fopxjel A 1ol A 110%™, sk 25
Y 7kA] M Bargleh. ole] re e K- o) whe s Ev) A
o] wleg %S ZaL g7l watel FEsbE S 300
mmHg 2} 100mmHg & %1398 —100mmHg 3} —50
mmHg =& zto] 5 Folx AlubZake] Hao] o] F
£ sholont g #-Alutas ] o] o] Fof A1z
2o 7 Qok "aA dAA Ao w A4l Abel b

w271 2]3) wiu] o 2= 1) Penn state 2] F7]2 Compli-
anc chamber™ "', 2) Utahti 8t 2] Alubg7 o] ud== M 3)
Abiomed 2] electrohydraulic circuit ol 4] zFA1uk3} 9l 3-2
A sefe] 917 Ho] oluk. NCVC ol A= Utah o 8he]

WS el ANEA S BE Y A 215k sl o

oWl Mol At YL ubEape] AU FHE %
Fole,
Vasku &2 QLgAI 4L 412 B3] Alzko] 3 xhet

WA A Felo] FrbshaL fAlukake] Frhsle] 1)
o| etapxivhar shelct. 2evh 9H SAlpehat o5 gto)
Z7bsble 2 el A oA ebck o Alg o*wb—mql

ol QLA A BA57] R ARl 2§
sgieh zeiuh oA] fele] Frhz e g M—yo*oﬂ%
7ol whel olx A7k 9 g stelrh. o) Ze

o}n]-}_ o] _,L/u zL

o] xAupalal AupZako] AlAo] # A tf o] Er}s
&F7] wl¥-ql Zle g utkglch Baylor i &2 Dr. Nose =
Tl F AR by kA e 488 Ak

sholch. AMA = FEF FAeE Al °] neurohum-
oral systemo] A A2z} x| ZEalar AAlA ol gjr) F
Az FEF T A e 2 A s 58 A R hyper-
adrenerglc sk A akal &3z sto] Zrla) gk APHA
= 719 sl E5ate] AabAel A ddo] frAlE e Al
717} so] AR LA Heka ;

ol oJAs] Aol A A Fatadr] wiite) T

—
[

—830—



o 2] 7]
1994:27:824-32

A A A B BATIA H ek 2719 S AL N
o 5& Abgstal ot v ek Agie] AFY

A7 ol Al Fobxizt 7h4 wo] A== AL Sl
v ASFE el e T2 A

of vk AtE =t vlSo] 7k efolnt Fopxlis Hopd d
Az Fog wde] A5t wWol ddsE
= AL sl e AU 5
st3 EA] JFERAAN el 2
T

9 4 gl Ao AHgshs Aol

Zo3 o g 9l AL 2
1) A& A7HE z2hxsbE A QAW el Ak
[ 1A
2) Al Ao = glejef Eha
3) Rt sl A] wiske} Aeiehd
uh-g-3ledof ahar
4) #ke] Ao AlE 5 glofok 3}aL
5) medical intervention %k 2 %= 7] o] 7}5-8le]o} &}
al
6) WA A7|e] 247|e} 1 99 F&-& =AM EE
UL o] AFed o] Ftho] 7}5slodok Bl
7) B2t oAb} 25 4 A AR gle]of Fha
8) TAIZE AAE el AbebA] obw BES AMSE)
I design Aol 4] 12| ook B}
9) gko] A Fsleie} gt
59 718Hq 875 F5E 5 lolok et whepa o}
2 ) Aot & A 7t A & 2k sk

% alofo

TR EEE

m\l

" =

Adr F3Y53y] HAELS electrohydraulic total arti-
ficial heart = o} @448t XAl o 24 7feksly A S
o] Fojof & F-Fo| W FH AFAA BAto g
FEAYEL JdENE o7} gl
L AgA o] WS Zel gt 2595 olga
L AARNE FEA EoSesoz Azl 9lo]

.S

e YA Balrh
27 eolit FolAle dlold WAL ¥ Wl gy Ho)
HslA) Fata £ed o] dong SEe A

£ s¥ake}

3. FFFE wpale) Alubser 24 & sheabas e e 23
2 grEgre 2 FAIHeN LEFEAIE 2 A
_g__

_EL
of
o:

4

[csnd
QUEIZITET|HMENY 2 QIZAME 0|23 SE4E
References

1. Kolff WJ, Akutsu T, Dreyer B, Norton H. Artificial hearts in
the chest and the use of polvurethane for making hearts, valves
and aortas. Trans Am Soc Artif Intern Organs 1959;5:298-
300

. Cooley DA, Liolta D, Hallman GL, Bioodwell RD. Leac-
hman RD, Millam JD. Orthotopic cardiac prosthesis for nvo
staged cardiac replacement. Am J Cardiol 1969:24:723-30

3. DeVries WC, Anderson JL. Joyce LD, et al. Clinical use of

the total artificial heart. N Eng J Med 1984;310:273-8

4. Snyder AJ, Rosenberg G, Reibson J, et al. An electricaily pow-

[£%]

ered total artificial heart over 1 vear survival in the calf.
ASAIO J 1992:28:M707-12

5. Takano H. Taenaka Y, Nakatani H, et al. Governmental clini-
cal evaluation of national cardiovascular center; Toyobo ven-
tricular assist system at 33 institures. Artificial Organs 199014
:119-23

6. Sato N, Mohri H, Sezai Y. et al. Mulri-institutional evaluation
of the Tokyo university veatricular assist system. ASAIO 1990
36(3):M708-11

7. Masuzawa T, Taenaka Y, Kinoshita M, et al. 4 motor integ-
rated regenerative pump as the actuator of an electrohvdraulic
totally implantable artificial heart. ASAIO 1992:38:M232-6

8. Imachi K. Chinzei T, Abe Y. et al. A new pulsatile total arti-
ficial heart using « single cemtrifugal pump. ASAIO Transac-
tions 1991 ,37:M242-3

9. Olsen DB, Murray KD. The rotal artificial heart. In: Unger
F. Assisted Circulation. 2nd ed. Berlin: Springer. 1984:197-
228

10. K.E. Johnson, M.B. Liska. L.D. Joyce. R.-W. Emery. Use of
total artificial hearts: Summary of world experience, 1969-
1991. ASAIO trans 1992:38:M486-92 |

11. Snyder AJ, Rosenberg G, Weiss W. el al. A4 completely implan-
table total artificial heart system. Trans Am Soc Artif Intern
Organs 1991 ;37:M237-8

12. Rintoul TC. Bulter KC, Thomas DC, et al. Continuing devel-
opment of the Cleveland Clinic-Nimbus total artificial heart.
ASAIO J 1993:39:M168-71

13. Rowles JR, Khanwilkar PS, Diegel PD, et al. Development of
a totally implantable artificial heart. ASAIO J 1992:38 : M713-
6

14. Takatani S, Shiono M, Sasaki T, et al. 4 wnique, cfficient
implantable electromechanical, total artificial heart. Trans Am
Soc Artif Intern Organs 1991 :37:238-40

15. Yu LS, Finnegan M, Vaugman S, et al. 4 compuct and noise
free electrohvdraulic total artificial heart. ASATO J 1993:39:
M386-91

16. Robison PD. Pantalos GM, Long JW, el al. Measurement of
oxvgen consumption and arterial-venous oxygen saturation fol-
lowing total artificial heart impluntation. The Intern J of Artif
Organs 1993;16(3):135-40

17. Shima H. Trubel W, Coraim F, et al. Control of the total arti-
ficial heart: New aspects in human versus animal experience.

— 831 —



ki

19.

20.

21.

22.

23.

Artificial organs 1989, 13(6): 545-52

. Tanaka T, Takatani S, Umaze M, et al. Factors affecting left-

right heart output differences in artificial heart implanted anim-
als. Trans Am Soc Artif Intern Organs 1985:31:211

White RK, Bliss RS, Everett SD, et al. Comparison of micros-
phere and intraperative quantitation of bronchial blood flow.
Trans Am Soc Artif Intern Organs 1991 :37: M507-8

Snyder AJ, Rosenberg G, Weiss WJ, et al. In vivo testing of a
completely implanted total artificial heart system. ASAIQ J
1993;39:M177-84

Reibson ID, Rosenberg G, Snyder Al et al. An annular com-
pliance chamber for the Pennsyilvania State University electric
total artificial heart. ASATO J 1993:39: M415-8

Kinoshita M, Hansen C, Khanwilkan PS, White KR, Olsen
DB. Determination of atrial shunt size needed to balance elec-
trohydraulic total artificial heart. Trans Am Soc Artif Intern
Organs 1991 .37:M264-5

Tatsumi E, Diegel PD, Holfert JW, et al. 4 blood pump with

24,

25.

26.

27.

28.

o 8217
1994;27:824-32

an interatrial shunt for use as an electrohydraulic total artificial
heart. ASATO J 1992,38:M425-30

Kung RT, Yu LS, Ochs B, Parnis S, Frazier OH. 4n atrial
hydraulic shunt in a total artificial heart. ASAIO J 1993;39:
M213-7

Henning E, Grobe-Siestrup C, Krautzberger W, Kleb H, Buc-
herl ES. The relationship of cardiac output and venous pressure
in long surviving calves with total artificial heart. Trans Am
Soc Artif Intern Organs 1978.24:616-24

Vasku 1. Perspectives of total artificial heart research as a val-
uable modelling system for general physiology and pathophysiol-
ogy. In: Akutsu T, Koyanagi H. Artificial heart 4. 4th ed.
Tokyo: Springer-Verlag. 1993;161-71

Uchida N, Ishikawa M, Watanabe T, et al. Hemodynamic ad-
aptation to exercise after total artificial heart implantation.
Trans Am Soc Artif Intern Organs 1987:33:240-4

Don B. Olsen. Artificial organs of the future. ASAIO transac-
tions 1992;21:M134-8

—832—



