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25 — ARTIFICIAL INTERNAL ORGANS BY THE USE OF
ARTIFICIAL MUSCLE WITH NANO TECHNOLOGY

Tomiyuki Yambe, MD, Tohoku University
4-1 Seiryo-machi, Aoba-ku, Sendai 980-8575, Japan
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 people,
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
Yasuyuki Shiraishi®, Tomoyuki Yambe, Kazumitsu Sekine, Yoshifumi Saijo,
Satoshi Konno, Shin-ichi Nitta, (Institute of Development, Aging and Cancer, Tohoku University)
Mitsuo Umezu, (Waseda University), Dai Homma, (Toki Corporation)
Eiji Okamoto, (Hokkaido Tokai University)

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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(a) Shape memory alloy fibre (D=100 12 m) covered with

the silicone rubber tubing
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(b) Whole view of the myocardial assist device developed
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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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Fig. 4 A goat's ventricle girdled with the artificial
myocardium developed; the device was successfully

installed into the thoracic cavity.
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Fig. 5 Changes in hemodynamic waveforms obtained
from the goat experiment; the arrows indicated the
mechanical assistance, which was conducted with
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— §7 —
— 140 —



FATRABESRER MBI E ST, MBS Tk
CRBAXDEERLEHOXE VAT APHEEREEN, £
BILEn2BRICETWa, RFOIEEREEATSZ
LT, IIRMAEBNV AT AL LTO N UG R ESR
TR ENEEEL o, BE, RERICBVTIL. &
FHOBMESELSEERORRE - LRI - T, LEM
mEBROBEHIIE LSO D, T 2EFEEOLTE
TR LT, HABRHCOEBONERTEL, BEEZAL
BB TAZ ENTEDZ VAT AN TENIE, BERH
SEBICERBLERT A EBNERITRD 55,

=L, ZTRODETFHEROIEACEL T, =
FE—ENIRA VE—T 2 AERHZIER T LT L
ST, MR R— 22T 5RO EEEYEBECRE
TEARZ &, FRARKEOHMERRED L IERZ Y
RN LR, HEECHIEROBREICB W TEERBEL R
BEEZBND, ALLDHBEROWEHRIZL-T, LFE
BOABRSMIER L UHBOFIERS, XA A AT 4D
NE V=T Y TORENGHA LN ENDFEREENRS
D, AB (R —HEBOAFHEBEAEEEE LML,
WBELRR~IGATAEVOISREAIL. HILWI =T FF4
TURTFAE LTEIIIRELAREIATHD,

(AR BT 2EMMERT. EILKEMBEZTRER
FUOHEGEREREREFH AR S ERGEEESOESE
FE . BEICHEBICREl> TiIThhi b TH 5,)

IR
ARRBLIVTO—HIEELFBREN RN E
(Hi7-+ /7 009) ., XHBFLERETREHEDH S

(17790938), EXERBIEARENE NIRRT RIEE
(02-01) DIEBIDO L LT, BRERKICEHELFRT S,

— 141 —

X Ak

(1)

(2)

(3)

(4)
(5)

(6)

(8)

(9)

Zipes D P, et al: “Braunwald’'s Heart Disease”, W B Saunders,
(2005)

http://www.yomiuri.co.jp/iryownews/iryou_news/
200602071k08.htm

Perez-Tamayo RA, Anstadt MP, et al. ASAIO J., 41(3):M512-7
(1995)

Sabbah HN, et al. Circulation, 100(Suppl):439, (1999).

McCarthy PM, et al. J Thorac Cardiovasc Surg, 122:482-490,
(2001)

Miyagawa S, Sawa Y, Shimizu T ,
Transplantation. 80(11): 1586- 95, (2005)
Yambe T, Shiraishi Y, et al. Biomed Pharmacother. 2003 57
Suppl 1:1225°125s., (2003)

Homma D, et al. Proc 25th Japan Congress on Materials Res,
(1982)

Uematsu M, Shiraishi Y, et al. Proc IEEE-EMBS. (2005)

Okano T, et al

REsaE | FRRi184 108 3B




]

Wt
gl

6L

(666T) soPUET D Y ‘SPeID) JPIS0.I] JenISeA JO Fuleaulduy anssi], dH WISPID d BiZ (9
POV =SB (S
1By - AR E I ML TE (¢

(8661) SHM|WTY¥H v~ 19 dd "BWMTY —£x 2
SHEBWTVH - BHEEN - BERMINE THOXM-SWIY  fEF9—6 (€
(L861) 92 ~ T'dd ‘JIH-mBIDHOIA ‘SIFRID) JR[NOSEA UIDPOIN *N d 194smes (7

SWTY My €002 ~ 000Z) #-L

HWOHFEDYZ R MELH b OEY BETY) Yooy b Lx  WRIREEY (1
picpet==2c3
(199%x7 °e ¥ 2 RE QT LK
XOpEa H* JYRUIIDG uoisoyg \w@ - ,. . -
GALP) RWTYA < +aygg - HHCRTIV TR U
MWz, ~pFA 2HE onwa%OOiwvfﬁm__Ex@@VS
P e
BT YA & £ SR o> 4G
FERH AR S (Yeidjuals)  2RgmEne

. R2R NFQ
S &£ (LR ZLYY yEomsuzl

T URBMCRESOR 7B DoraeEd

TYH@E ORISRy ORN R0

PEC HES
HYWR—san/s gL+ &1 clil
BaET-EORE oW 9 W
ALCIYRT—OUMEELO HanmTe

SWLY P2HFWYRCCYTFRSHUYMER "o ¥ @2 FHE bwmu_ﬁKNﬂwW

QTGOS 6 EFIAWT T WHWMY JHY "0 Ll

(PIPISBWRY XOPBaN ‘T QYMULI0S uoisog)
(D BUIYHWEYIHFHQ T
(®) SWTVHEWEENEYRaLT LE

W YT R R R MR AT GER T IEWLY
° U RS RBORT T ¥ E N
B QY OEHLYE QRUARNGL ALV L2
NREMOUI G EWTY QUL "SGR TGN " REHE ¢
AR GUBREEN T AR ORI TR Y I R 2 BN 2
I X WAH 0 R2IH— ¢ G OFF (Pudldypeolongensidiod
papuedxe) AL f (ZE) BWIVHE-LLEYUI A A
X AWHHEH T L — Y RO IR 2 ) O R AGH B
QEEHPM S T 217 2 LM 3 HEHCHOEM T REY
HOWECBNTE @UYLLRYERNBWFEALYL T (3 °C
HENE G UM IR LRV U2 %@@P@¢ﬁg%w
BWTYOHEIWEY RO TSR THHEEO LR °

REY WEILE 5P<$ahNHb%§uQuE@%ﬁiﬁ§%
GOUY WYUR TER| LY LU ORI X IEH O
DCTUNFHEWALCATTEY P BIEY RO IR BHE
e e ACHNC T I URMIUME UK
MBIV ORE-FEEGWR TORSMOr "2 v LEMW
I YR B0 W NUOAUIA LA R D B At
G SPDYI00A 214y 6T °TU © E YGRS H X JW O < TNFWL
YO E R R R R IAE R ¢ T 1) PR TYHAR DY
W02 PHEYFOMESW Y RAGITGAYREE NGO
FROY MEWLY U EYIELURMERL T L% E
W2 TNPT QLAY 08T DI WOHASET
.

NLUGAHDI@ULOWESEE S Y E DI WY. QIR BRI ¢
B9wY "GF2URHHFLE EH<@%3%R«E&ﬂPKD
YH OB T 2USAH D TEBWTY G 2 A2 A 2R
WEWE UE CYUGLEHRAN L E Y L ORI R
WY pg»@l@&ﬁ%&ﬂéﬁgﬁﬁ BRUNEREY
2OYNIR FEHYCBW Y @O W T LT 2 U AT oY T

8L

RN REE
JUEiNEL 7S
Y GhrLL”
AR T T

rir£TOK
NCe LM

3d41de ]

C
—QSIMeUS
VH>P2I7
L SR
NMLYLT

o)
18UV EE2F
HEHOAMRT
YR2IBBW

BAREC]

e

R

(ZE&ESE)

TR

|
T



DRI R IEEA 5 N TS B JE D 72 8 O B T FR 5

HAFEZL SNIE?Y BATEY fEotids JREEY

HE BRBERSHASISWIAIBESOEDRL, Tho ATHE2AWAFERIC L 20TBHB~0OEE
BHRLIELERFIT)CLEES TR RV, INSOKBREZERMICGHET 2. 0BLENRXELH
e L-MATABHRBEZFMTLIYIal—vayEFV2HRL ABEROERTFHE2RATE . A
TIEBROBEE. DENREORL 2 ATYHHARBHNICENICRBEINLZ LICL-o T, £ LT,
(1) av 75347 ARPICE D 2) MBERHBGER L LEREEFOLE, (2) WEARRBERICL A
BHORTLZEOBBOER*OERR I I A V— Y 2HWTRE L, 2O 7 7u—FFHEIC L il
RLZEATMECIABEREZTo2BMI Y THRNOBBRLFEOER X FHREAEOLI,LS I, BHF
BLEHATIMBEORBRFBEETHL I ENRRENDS, 61T, ATIEIC X A2MEROHBHIEHO
BAROBEB~EELZRIZTI L2, BREM LY EROBBLTIC S MEOE/IBET S I &3
REND, ATME L, DENIIREH L MROBMBI 24T wds, RPNV T % L 0 FHEHM -
FHEATFNICOREELRIZL) 5, BF, BARZRPHBRTIEZZCHLAATLE LR #EADD
AW, IV EABNMEOBCATOE KL TR, FHBOVAIZEA-—V AV IOBE»LIZ, &
BB RET > EERT EBNNOERNERNF Y~ a VEERERIRT A L2, BUEH
HAEOHEOALLTMERVAT A LOBRANLNFRNESHELZLERTILEND D EEZ LR,
ERBRLERXEASAIZOEBEHL2BEM L2 Ial—-va v2FEHEEITLTHFIZLIZE
HhFHETHIEEL D,

1) AL AEIBSERR TR

2) EREAE ORI BT

3) BHIRAFRRTEH

4) EAAEEI¥S SRRt 4 —
5) BREH AP E TR

&) HFERARNFLEEE

— 143 —



J Adaptation Med 10(2),2006

Biomedical engineering analyses for the development of the
sophisticated and adaptive vascular prostheses

Yasuyuki Shiraishi!?, Hiroshi Iwamura? , Tetsuo Fujimoto® , Mitsuo Umezu® ,
Kohei Kawazoe®

1) Institute of Development, Aging and Cancer, Tohoku University

2) Department of Cardiovascular Surgery, Juntendo University School of Medicine
3) Department of Mechanical Engineering, Shibaura Institute of Technology

4) Advanced Research Insitute for Science and Engineering, Waseda University
5) Graduate School of Science and Engineering, Waseda University

6) Department of Cardiovascular Surgery, lwate Medical University

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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Fig.1

Schematic illustiration of vascular prostheses (left) and the variations of their
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 the bifurcation
configuration under the
pressurised condition; the
anatomically-identical deformity
was obtained in the newly-
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