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The authors have been developing a mechano-electric artificial myocardial
assist system (artificial myocardium) which is capable of supporting natural contractile
functions from the outside of the ventricle without blood contacting surface. In this
study, a nano-tech covalent type shape memory alloy fibre (Biometal, Toki Corp, Japan)
was employed and the parallel-link structured myocardial assist device was developed.
And basic characteristics of the system were examined in a mechanical circulatory
system as well as in animal experiments using goats. The contractile functions were
evaluated with the mock circulatory system that simulated systemic circulation with a
silicone left ventricular model and an aortic afterload. Hemodynamic performance was
also examined in goats. Prior to the measurement, the artificial myocardial assist device
was installed into the goat’s thoracic cavity and attached onto the ventricular wall. As a
result, the system could be installed successfully without severe complications related to
the heating, and the aortic flow rate was increased by 23% and the systolic left
ventricular pressure was elevated by 6% under the low cardiac output condition at
2.5L/min in a goat. Therefore it was indicated that the effective assistance might be

achieved by the contraction by Joule heating of the system using Biometal.
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25 — ARTIFICIAL INTERNAL ORGANS BY THE USE OF
ARTIFICIAL MUSCLE WITH NANO TECHNOLOGY

Tomiyuki Yambe, MD, Tohoku University
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Email: yambe(@idac.tohoku.ac.jp

Oriental people have the small body. The space in a human body is, of
course, limited, anatomically. So, for the artificial internal organs for oriental pcople,
small is better. Various kinds of totally implantable artificial internal organs are
developed in Tohoku University. Totally implantable artificial esophagus, an
implantable artificial sphincter, artificial myocardium, the total artificial heart, and
ventricular assist device, etc. are developed in our university. Recently, drinking
STENT, which had the healing effect for an esophagus cancer is also developed. This
drinking STENT system had the function of the drinking of the foods. Development of
the artificial muscles using Nanotechnology enabled these developments. Since these
artificial internal organs are totally implantable type systems, they do not have the risk
of infection. By development of the transcutaneous energy transmission system (TETS)
using nanotechnology for the magnetic shielding, the totally implantable system became
possible. By this system, energy can be supplied to all artificial internal organs. The

present condition of these various artificial internal organs is reported.
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Mechanical Myocardial Assistance by the Shape Memory Alloy Fibre
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Abstract

Recently, the ventricular assist devices are widely applied for a surgical treatment of the final stage of severe
heart failure as the bridge to heart transplantation or the destination therapy. However, it was anticipated that
the artificial components in the ventricular assist devices might cause the problems concerning thrombosis and
infection. As heart failure involves the decrease in myocardial contractile function, the mechanical assistance by
using an artificial myocardium might be effective. In this study, the authors developed a mechano-electric

artificial myocardial assist system (artificial myocardium), which is capable of supporting natural contractile

function from the outside of the ventricle.
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(Keywords: shape memory alloy fibre, artificial myocardium, ventricular assist device, hemodynamics)

1. JE L=

GEBABBEOEEICRSHIFo+S5BOMELEBEHT
XHRNBEP, £, BHOZOLBEERAEL TV HLOOL
EOFRMENS LR T 2846, ARG L IABRNCER
BipERLW, BIEE, 0L RLALRENEJICERT
Hhid, CRBMEREFRL LT, @BATOBE Ay
RO AT, LaLAs, HAMICRTY
Fr—RBOF B Eg ML 2e-oTHY, ERATIIE
MM HELAEEIC LD 2RRAE DBV TWDS, ZDOL
ST, EMOANEER BT B A T .OMBOBKSH
T AMBIIEE > TV DN, BEIFORKERA TORE
MW OERERKEEHHY . FHEOLBEANSLBRBEFA
CEBTACERELY, Tokd, EBECHLVATLLE
BEFalzs FAEDLNTEY, BRTHLHEELGE
Wit AMEE b o 7o 3 LU liBh A OB OO B R SABR H3 R A &
nTWn59,

DRI AARBBERFECE, #BATOREE Vo
HWRERFL T LEMETAAIHIE T T, Lo
FECH RO R 22 FRAICMA D E WD HiEx{ES =

- 65

- 159 -

Strain-Temperature Curve (BMF150)

g0 | (Load = 300gf) End of
' contraction
$ 6.0 {
=
% 4.0 - Cooh’ngj
[ Heating
20

0 20 40 60 80 100

Temperature °C
B1 HAEBFSHEMHKEESE 7 74 /% (Biometal®)
DIREETE At
Fig. 1 Relationship between percent shortening (strain)
and temperature obtained from the covalent-type shape

memory alloy fibre



LI TCIBESR TV, flixEdFnid, BETAIC
HAER LM 7= UEHEBAL % 0Bk ¥ 5 Dor FiHL, LEEIC
Ay a2 ROREHIHLE T ORIC O SEHROLBIEE
A5FA Lo REZEREL ALV, £, LEAESR
B¢ 5 L9y 2 ORI A LOERFRONE
P FFR LW FENHHEE, LaL, THhboD
HiERWTFhbEESh A FCEBOKESL LV HEMICH
M RBET A L2 FEEME L LD THD,
T, HEBTFHFELAVEERY— FTEEERAL
T, LiFEELr A\ITAICEAL S AR LEREXHU T
A, BB T AL EHORINFELA
‘(_‘L\,B(G)o

FELHT, LARLOFREOFEITLHINMRECETIZH
A, b AFarET bObLE, BLWRRMEER
LLTLUBEDOLOENENIHFR— T DHVARATARE
B|LED (1. ZOYAFATHR, DRRE M HR
FELTELZHALUROERICLD FL—FA7
EFLTHFETAME, $habb, AL miks NEEE
fit A - LicEETD, HeBERCELE Voo miEES
HAER LT, VAT LREHCEHRBIGIEZ T 5 LEM 2L,
X6, LROEFROEBFEAOREBIZMEL T, AL
INKED BB VL ER L &2, LERTETOEREOXELT
XA LRFORETHD, ZI T, S kER
WEHEES LIV RAT AL LTOBEMED OBBEEERA
TOfpic 2Tk~ 3,

2. A

(2-1) AIDBI-AVLIEKREESEET7IFaI—2
DR HE, CHAHBTOMEEERTLZS
o, T/ Faxz—FERELELTHEHE 100um BEOEMO
YRS E 7748 (hF - a—Ri—i a3tk 234
AAZN) FRACTEALLBHEBOMELEDTDO, —
ARiC, NiTi REEE, Ya— BB L 5B ORE
ERiZE-T, &BEROBERE (NEZXAXIII-T
EELERETE L) BBy, BRESDHR EFE
Noa%mey T, EHETHOTWAHEIZ., NIt F0 -
FHFHEREEETHAN, £MBRTTH/ Ar— VO
SiEOME L Bl &h, HABSHEOREREE
o, FOH, MEBEOHESERAT Y ARG LL D
W&, MEBRETORGMEIZHET SR AFHRE
Wtpd THEhd, MEBICLL > TATIWMBEMITE
D b5~10%%7 L. — k@ EREEs &It tb~Tix5h
ICREREMEBVERRTES (H2), ZOMEOBESE
., EEVNAFEAOEE L RASL2RERILELXRAVER
IKEBWTHRE L., EHREFORBASEOEIEEBELEL
EIEE LW, /-2 BREGRETINEE 22 RIE TR IS
HEBETHZENL, 100um OBMHBETH-TH, BX
INMERFIZAN BEOEAR L2, Ebil. €EBROGF L~
NCRBlLEN-REEEICL D, A 3Hz: BEOEBE
BUCEM L RRMBVELMARESHD Z LM ah-2TE

Aortic
Arch

Left
ventricle

Right
ventricle

Artificial
Myocardium

M2 #WHERREESEYAVATLBOME
Fig. 2 Schematic drawing of the myocardial assist
device developed

S-tmm

(a) Shape memory alloy fibre (D=100 x m) covered with
the silicone rubber tubing
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Fig. 3 The mechanical component of the artificial
myocardial actuator (a), and the myocardial assist device
of parallel-link structure which was designed to be an
active girdle for the ventricular contraction
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myocardium developed: the device was successfully

A goat's ventricle girdled with the artificial

installed into the thoracic cavity.
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Biomedical engineering analyses for the development of the
sophisticated and adaptive vascular prostheses
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Abstract The authors developed an sophisticated mock circulatory system, which was capable of
simulating natural hemodynamics in order to quantify the effects of surgical treatment with
artificial prostheses. In this paper, the aortic impedance matching effects of several circulatory
conditions with an ascending aortic polyester graft implantation as well as an originally-designed
abdominal Y-graft on the cardiac external work were examined in the mock system. These
methodologies for the evaluation of hemodynamic systems by mechanical simulation might provide
the strategy for surgical treatment with vascular grafts of each patient, which could support the
knowledge or experience of medicine based on the biomedical engineering analyses for the

adaptive human cardiovascular systems.

@ Key words : vascular prostheses, abdominal Y-graft, aortic impedance coupling, mechanical circulatory simulator
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rFig.1 Schematic illustiration of vascular prostheses (left) and
configurations commercialised (right) .
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Fig.2 Whole view of the mechanical
circulatory system employed for
the evaluation of the effects of
prostheses on cardiovascular
systems.
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Fig.3 Comparison of the aortic input impedance in normal adult humans and in the
mechanical circulatory simulator (MCS) . ‘
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Fig.4 Changes in aortic pressure and flow velocity waveforms obtained in a patient who
had undergone synthetic graft implantation.
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Changes in hemodynamics
by virtue of the ascending
synthetic graft implantation
obtained by the mechanical
simulation.
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Fig.9 Comparison of the input impedance obtained
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synthetic abdominal Y-graft and of the newly-
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