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21 COE artificial organ project using regenerative medicine and nano technology
In artificial internal organs, smaller is better. And an important issue is bio affinity. From these points of view,
Regenerative medicine and Nano technology are very useful technology. In Tohoku University, various artificial
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COE program. Ideal artificial organs may be embodied in future.
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Abstract: A rotary blood pump (RP) is desirable as a small
ventricular assist device (VAD). However, an RP is non-
pulsatile. We tried to develop a device that attaches a pulse
to the RP. We also tried to develop a pulse-generating
equipment that was not air-pressure driven. The ball screw
motor was considered a candidate. The application of a
small-sized shape memory alloy was also attempted. An
electrohydraulic system was adopted, and actuator power
was connected to the diaphragm. The diaphragm was
placed on the outer side of the ventricle. Most RPs that
have been developed all over the world drain blood from
the ventricle. The wave of a pulse should be generated if a
pulse is added by the drawn part. The output assistance
from the outer side of the ventricle was attempted in ani-
mal experiments, and the device operated effectively. This
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device can be used during implantable operation of
RP. This may serve as an effective device in patients ex-
periencing problems in peripheral circulation and in
the function of internal organs. Key Words: Pulsa-
tion device—Rotary blood pump—Electrohydraulic—Ball
screw—Artificial myocardium.

The Japanese are small in stature as compared to
Europeans (1-4). The ventricular assist devices
(VADs) presently available are designed in accor-
dance with the physique of Europeans and Ameri-
cans and are too large and heavy for the Japanese (5-
9). Therefore, implantation of such VADs is difficult,
and smaller-sized artificial hearts are needed.

The development of the rotary blood pump (RP)
has gained momentum globally (10-14). Clinical
applications of Micromed (Houston, TX, US.A.),
Jarvik2000 (New York, NY, US.A.), HeartMate2
(Pleasanton, CA, U.S.A.), and the INCOR (Berlin,
Germany) have already been carried out (12-14).
The results of the clinical application of axial flow
pump have attracted attention, and the clinical appli-
cations of the centrifugal blood pump have also
advanced. Because an RP is small in size, it may be
implanted effectively in the Japanese.

Unfortunately, because an RP is not a capacity-
type pump, pulsating is difficult. The human heart has
a blood chamber that generates a natural pulse. If
chambers are made instead of a natural heart ventri-
cle, then a mechanical actuator to work the chambers
must be developed. Thus, a small-sized artificial heart
cannot be structured because of the chamber and
actuator.

Because of these factors, a vibrating flow pump
(VFP) was developed in Tohoku University (15—
17). In this system, a small chamber with a central
tube is responsible for the vibrating blood flow that
generates a pulse. The pulse can be generated pro-
vided the system is of a capacity rotation type,
which is similar to the undulation pump (UP)
developed at the University of Tokyo (18-20).
These systems are alike with respect to the small
pumping chamber.

However, there is no pumping chamber in a classic
RP; therefore, the generation of a pulse is difficult.
Furthermore, irrespective of this fact, many reports
showing physiological disadvantage in circulation in
animal experiments and clinical situations have also
been encountered. In circulation using VADs, the
generation of a natural pulse is expected. However,
patients for whom a VAD is adopted have lower
contraction power. A RP may not easily generate a
pulse for a patient whose circulation depends on a
VAD. Tohoku University has developed the artificial
myocardium in the 80s. Consequently, in this study,

S
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FIG. 1. Concept design of a pulsation device.

the development of a pulsation device by using an
artificial myocardium was initiated.

PULSATION DEVICES

The left ventricular approach is used widely in
RPs. The left ventricle (LV) generates a big pulse;
thus, a pulse is generated in the VAD flow by LV
power. However, a patient using a VAD has a weak
heart; therefore, pulse generation becomes depen-
dent solely on the VAD. We have developed the
artificial myocardium (21), a system that helps con-
traction. The artificial myocardium and RP were used
in combination in this study.

The concept of this system is shown in Fig. 1. In
this system, the blood flows into the RP from the LV.
To generate the pulse in the inflow wave, the dia-
phragm attached to the LV directly pushes the heart,
as in a cardiac massage, which can generate a pulse.
Therefore, in this system, a pulse is formed even
when the heart is weak. This pulsation device is
driven by an electrohydraulic power. Silicone oil is
driven by the actuator designed to be implanted
between ribs.

Energy is provided through the skin. The transcu-
taneous energy transmission system of Tohoku Uni-
versity raises the efficiency of the process by
magnetic shielding.

ANIMAL EXPERIMENT

In Tohoku University, the axial flow pump was
developed in cooperation with Hokkaido University
and Keio University. This pump is to be implanted in
place of the aortic valve; hence, this axial flow pump

913

is named Valvo pump. In this study, the Valvo pump
was used in an animal experiment that was con-
ducted using an adult goat. We approached the left
chest cavity by resecting the left fourth rib. Inflow
cannulae were inserted into the LV from the left
appendage through the mitral valve. Outflow cannu-
lae were sutured to the descending aorta. Experi-
ments on left heart bypass were then performed.
Subsequently, the newly developed pulsation device
was attached to the LV to generate a pulse. Electro-
hydraulic power directly pushed the diaphragm and
the left ventricular wall. Electrocardiogram, pump
flow, arterial blood pressure, left ventricular pressure,
and cardiac output measured at the pulmonary artery
were recorded in the digital data recorder. Off-line
analyses were then performed by using an AD con-
vertor with a personal computer system.

RESULTS

Hemodynamic parameters were maintained within
the normal range and the satisfactory pump output
was easily obtained by using the Valvo pump axial
flow assist device in the experiment conducted on
a goat. Satisfactory supporting effect was also
obtained. However, the pulse width of the arterial
blood pressure tended to decrease while using the
device.

Hemodynamic parameters during left ventricular
assistance with the Valvo pump and the pulsation
device are shown in Fig.2. In the animal experi-

FIG. 2. Time series data of the hemodynamic parameters during
left ventricular assistance with a Valvo pump and a pulsation
device.

Artif Organs, Vol 29, No. 11, 2005
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ments, 1/2 assist of the pulsation device was per-
formed. The pulsation device was assisted in one
beat and was not assisted in the next beat. Thus, we
could compare the hemodynamic parameters with
and without the pulsation device assist during Valvo
pump-left ventricular bypass. When the pulsation
device assisted the hemodynamics with the Valvo
pump assist, the left ventricular pressure and arterial
pressure tended to increase, thereby suggesting the
pulsation effect.

Subsequently, ventricular fibrillation was induced
by electric current. The assistance effect of the Valvo
pump and the pulsation device was examined in the
experiment. However, under the condition of ven-
tricular fibrillation, the pump flow of the Valvo
pump was not very satisfactory. Hemodynamics
could not be maintained with only the left ventricu-
lar bypass; hence, the pulsation device was assisted.
However, it could only generate a weak pulse in the
left ventricular pressure and arterial pressure. The
effect was not very satisfactory in the case of a car-
diac arrest.

DISCUSSION

Many researchers have investigated the effect of
pulse, and many reports have considered the mean-
ing of pulse. In 1982, Nosé et al. reported that a
nonpulsatile pump could maintain the circulation in
chronic animal experiments. Recent clinical reports
concerning the percutaneous cardiopulmonary sup-
port system (PCPS) showed that continuous flow cir-
culation could maintain viability even in clinical
cases. Recent progress in clinical reports of axial low
pumps was obviously important. However, nonpul-
satile assist differed from nonpulsatile circulation.,
The effect of continuous flow circulation must be
studied extensively for further development of RP.

In this article, a pulsation device was developed
to generate a pulse during RP assist. A discussion
regarding pulsation device may be needed because
several researchers reported that nonpulse circula-
tion was satisfactory and that a small pump was
preferred.

In this study, pulsatile support by our newly devel-
oped pulsation device was confirmed during axial
flow pump assist. However, the supporting effect was
not very satisfactory in the case of a cardiac arrest.
We must redesign the profile of the pulsation device
while considering the condition of vital arrhythmia
in the clinical stage.

Many investigators suggested that the pulsatile
support might be desirable for organ circulation.
Multiple organ failure (MOF) is critical when we
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consider the clinical use of a VAD. Hence, the pulsa-
tion device may be desirable for patients with MOF.

Recent reports concerning the weaning from a
VAD in dilated cardiomyopathy are important. If
the weaning from an implantable RP will be consid-
ered in clinical situations, our pulsation device may
become an important device. As this device will be
sutured on the outer side of the ventricle, we will not
consider the antithrombogenicity of this implantable
device. Furthermore, this device need not be driven
continuously; it can be driven only when required.
Hence, the durability of the device will be satisfac-
tory. From this point of view, the pulsation device is
completely different from conventional assist
pumps.

In conclusion, pulsatile support was observed in
the animal experiments. This device may be useful in
the treatment of MOF. However, the supporting
effect of the pulsation device was not very satisfac-
tory under the condition of ventricular fibrillation
(VF). We must redesign the profile of the device
while considering vital arrhythmia in clinical situa-
tions. The pulsation device is attached to the outer
side of the ventricle; hence, thrombus formation
need not be considered. It may become a useful
device in the future.
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Abstract: The aims of this study were, first, to indicate the
metabolic activity of hepatocytes in a radial-flow polyure-
thane foam matrix bioreactor relative to monocultures, and
second, to evaluate the effect on the hepatocytes of includ-
ing a synthetic perfluorocarbon (PFC) oxygen carrier to
the recirculating medium. The efficient O,-carrying ability
of PFCs may be beneficial to bioreactors employed in
stressed cellular environments. Thus, they may also be use-
ful in the treatment of an acute liver failure patient with a
bioartificial liver support system (BALSS). Data on the
function of three-dimensional (3-D) hepatocyte cultures
exposed to emulsified PFCs are lacking. Results: the
metabolic functions of the 3-D hepatocyte cultures were
improved relative to monocultures. Three-dimensional cul-
tures with and without PFC behaved similarly, and no
adverse effects could be detected when PFC was included
in the recirculating medium. The addition of PFC sig-
nificantly improved lidocaine clearance possibly due to
the presence of higher O, tension in the medium. Imaging
indicated that large aggregates formed and that seeding had
followed flow through the matrix. Simulations indicated
first, that the cell numbers used in this study had been
insufficient to challenge the bioreactor O; supply explaining
the similarity in performance of the 3-D cultures, and sec-
ond, that the benefit of adding PFC would be more
pronounced at the cell densities likely to be used ina BALSS
bioreactor. Key Words: Bioartificial liver—In vitro
hepatocyte metabolism—Perfluorocarbon oxygen carrier.

The aim of this study was to determine the effect
of bioreactor design and the inclusion of a circulat-
ing oxygen carrier on the in vitro metabolic activity
of hepatocytes in a simplified bioartificial liver sup-
port system (BALSS) circuit. The BALSS under
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LINEAR ACTUATION FOR AN ARTIFICIAL INTERNAL ORGANS
WITH NANO TECHNOLOGY

Tomoyuki Yambe (Tohoku University)

The space in the human body is , of course, limited, so, micromachining technology and nano technology . In

this paper, several kinds of artificial internal organs projects like artificial esophagus, artificial myocardium and

artificial sphincter, using nano technology are introduced.
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Abstract: Of course, the space in the human body
was limited, so, micro machining technology and the
nano technology are the important tools for the
development of the internal artificial organs.
Surface finishing technology, various kinds of nano
sensing devices, nano actuator, and transcutaneous
energy transmission system with nano technology
are the common useful technology for the
development of the various kinds of artificial
implantable organs. By the use of these common
technologies, circulatory assist systems, artificial
esophagus, artificial sphincter, drinking stent and
epilepsy control machine are now under
development. In this paper, various Kkinds of
artificial internal organs by the use of the nano
technology are introduced and discussed..

Introduction

Minitualization is an important problem for the

implantable artificial organs. From this stand point of

view, the nanotechnology and micro machining
technology are the key technology (1-6). For example,
surface finishing with nano level structure is an
important  technology when we consider the
bioavailability or durability of the implantable artificial
organs or the anti-thrombus for the circulatory
assistance. ~ And various components using nano
technology are useful for various types of artificial
implantable organs. This paper outlines the various
kinds of artificial implantable organ developments with
nano technology.

Nano level DNA coating

Biocompatibility is an important issue for the
development of the artificial internal organs (4). If the
anti-thrombogenicity of an internal surface of the
artificial heart shows satisfactory value,
biocompatibility of the outer case is also an important
factor. If the bio compatibility of the outer case is not
satisfactory, infection may occur easily, and infection
may induce the thrombus formation in the internal
surface of the artificial heart. So, prognosis of the
patients was limited by the bio compatibility.

Various materials were used in the history of the
development of the artificial internal organs. Recently,

nano level DNA coaling with self organization strategy
was developed. DNA is, of course, bio compatible
material with fractal nano level structure (7, 8).

Surface finishing of the artificial internal organs is
important key technology in the development. From
that stand point of view, the Nano level surface
finishing technology will become more and more
important key technology in future in the development
of the every kinds of artificial internal organs.

Fig.1 Nano level DNA coating

Implantable Artificial Organs for circulation

A small artificial heart i1s desirable for the Japanese
people. For the development of light and small system,
various kinds of nanotechnology are, of course, useful.
Nano coating technmology, various kinds of nano
sensing device, nano actuator, transcutanous energy
transimission system with the nanotechnology, and
control units with nano level structure were useful for
development of artificial organs for cardiovascular
System.

From a miniaturization viewpoint, we have
attempted three approaches. One is the miniaturization
of the ventricle and the other 1s the application of an
axial flow, and final approach is the development of an
artificial myocardium.

If the ventricle is miniaturized, the miniaturization
of a system becomes possible. We solved this problem
by increasing the frequency. This is the Vibrating flow
pump (VFP) for small Japanese adult patients. VFP
operates at a frequency that is ten times or more than
that of the heart. Therefore, the ventricle becomes
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1/10th or less than that of the human heart. The present
animal experiment has been successful, and a chronic
durability examination is planned. This new pump has
an interesting feature. If the frequency is changed,
circulation to the internal organs becomes controllable.
As a new artificial heart that prevents multiple organ
failure (MOF), greater possibilities are expected. We are
now planning the nano level coating of VFP for the
improvements of biocompatibility.

Recently, various types of rotary pumps were
developed in all over the world. Micromed, Jarvik2000,
INCOR, and HeartMate2 have been successfully
implanted into patients. Various clinical researches
have been conducted, and the successful ones are being
separated from the failures.

In Japan, magnetic fluid was applied for the
development of the axial flow pump. The applications
of this system are expected to enable simplification and
miniaturization. This axial flow pump is the only one of
its kind that has been developed in Japan. The new axial
flow pump had developed by the application of a
magnetic fluid with cooperation with Keio University
and Hokkaido University. Nano level fluid dynamics
had been calculated for the improvement of the
durability and anti thrombus formation. An animal
experiment revealed that these systems were useful as
an assisted circulation.

Myocardial contraction is one of the most important
factors taken into account in the treatment of patients
with congestive heart failure. We invented artificial
myocardium and are currently conducting animal
experiments. The human heart is composed of cardiac
muscle. A ventricle composed of cardiac muscle causes
ventricle movement. However, an acluator is
indispensable to cause movement of an artificial
ventricle. A motor with more efficiency than the human
heart is yet to be developed. Therefore, the
miniaturization of an artificial heart is difficult.

We implemented the * Artificial Myocardium”
project as an artificial organ of the future. The
development of an artificial myocardium by
regenerative medicine is being conducted all over the
world, as was broadcasted in the news. The cardiac
muscle cell is cultivated by the embryonic stem cell, etc.
in cooperation with various institutions. However, the
artificial myocardium of a cell culture has a major
disadvantage. Nutrition has to be provided to a cell
through blood. In order to provide nutrition to these
cardiac muscle cells, a huge nutrition blood vessel is
required. It is impossible to precisely reconstruct the
coronary arteries in 3D. The cultivated cardiac muscle
is employed in the animal experiment using very small
animals. However, considering a 1 ¢cm human cardiac
muscle, it is very difficult to cultivate a cardiac muscle.

From that point of view, Tohoku University had
developed artificial myocardium by the use of shape
memory alloy actuator. Furthermore, we devised a
completely new  methodology, which applies
nanotechnology. We controlled the molecular crystal
arrangement of a shape memory alloy using
nanotechnology. We succeeded in development of a

50-micron shape memory alloy actuator. The hysteresis
of a shape memory alloy decreased sharply with the use
of nanotechnology crystal arrangement. The reduction
in a hysterisis means improvement in durability and in
the increase of the contraction distance.

Blood is required for a culture cell. Heating cooling
is required for a shape memory alloy. The possibilities
of two methodology are asked. In the future, a SMA
actuator will push the heart. At a present stage, an
actuator is scheduled to be separated. It 1s placed
between ribs. The system consists of an hydraulic
pressure diaphragm, an actuator between ribs, a
transcutaneous energy transmission unit, etc.

Sensing device is now under development by the use
of Nano technology. When it will be embodied,
artificial myocardium will work when it will be needed.

The cardiac-support effect was examined by the
animal experiment. Since the cardiac-support effect
showed favorable results, the chronic animal experiment
is currently being continued.

Total artificial heart development was also
challenged in Tohoku University. Experiments reveal
that the total artificial heart makes for a highly durable
system.

Furthermore, the Undulation pump total artificial
heart project was started in cooperation with the
University of Tokyo, Hokkaido University, Waseda
University, Kyushu University and Hokkaido Tokai
University. National big project of an artificial heart is
now under going.  Thus, Tohoku University is
continuing the development of various types of artificial
hearts.

Artificial sphincter project

Tohoku University invented the artificial sphincter
muscle as a completely implantable artificial organ.
Several patients must have STOMA following an
operation of cancer of the Colon. An ostomy patient
cannot control defecation .

The artificial sphincter that we invented makes it
possible for a patient to control defecation. Therefore,
we used the shape memory alloy. Two boards of a
shape memory alloy were combined. A cushion was
placed on the internal surface of a board to prevent
tissue injury. Energy was transmitted by the
transcutaneous energy transmission system (TETS).

When a patient goes to a toilet, a patient brings
TETS. TETS will be used, if a patient goes to a toilet
and prepares. An artificial sphincter muscle opens and
enables a patient to defecate.

A patient can control defecation if this system is
used. Thus, a patient's quality of life (QOL) will be
improved greatly. We wish to supply to a medical
market soon.

Artificial esophagus project

Surgery of the esophagus cancer is difficult and
invasive operation .

An artificial esophagus that enables the swallowing
of food was recently invented as a completely
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implantable artificial organ in our Institute.  This
artificial esophagus enables the swallowing of food by
peristalsis. It is a new and unprecedented invention that
serves as a complete organ.

A simple tube called the "artificial esophagus" had
been invented in the past. Of course, this tube did not
perform peristalsis. A patient using it was unable to
swallow food. In those days, a patient was externally
implanted with an artificial esophagus.  This old
artificial esophagus did not produce peristalsis. The

patient had to manually squeeze the external tube. Thus,

such a system was not very useful.

We invented the world's first "artificial esophagus
that performs peristalsis." We have already applied for
a patent.

This system consists of the principal part of an
artificial esophagus, an actuator, and a control unit. An
artificial ~ esophagus tube is made from high
macromolecule, which has affinity to the body. It is
planned to be equipped with a nano pressure sensor on
the inner surface. The arrival of food is sensed and
peristalsis automatically begins.

An actuator constitutes several shape memory alloy
rings. The nano technology was used for the shape
memory alloy (SMA) ring, and crystal structure was
arranged.  We have succeeded in developing a 50
micron shape memory alloy fiber. The SMA ring was
further formed in the shape of a ring. The contraction
distance was thereby significantly extended. When a
ring contracted in order, peristalsis took shape.

We are now developing this system on the basis of
the image data of the peristalsis of an esophagus
fluoroscopy of the authors of this paper. Energy is
transmitted by the transcutaneous energy transmission
system. A complete implantation became possible by
the application of this system.

Peristalsis was confirmed by the animal experiment.
The esophagus was excised and the developed artificial
esophagus was implanted. Peristalsis movement was
observed as the satisfactory results..

Drinking stent project

An operation of an esophagus cancer is difficult.

The esophagus cancer which advanced is not removable.

The patient of the esophagus cancer, which is not
excisable, cannot have a meal because of stenosis of the
esophagus. A STENT is inserted in order to swallow a
meal. However, a meal may be got blocked in a stent.
In this case, an endoscope is required. A patient's pain
1s large when an endoscope is used.

Then, we invented the Drinking Stent which can
swallow foods. A stent consists of a macromolecule
material and a system of artificial peristalsis muscles.
Artificial peristalsis muscles consist of Biometal(s).

In clinical cases, the nealy developed drinking stent
is scheduled to be inserted, after extending a
constriction using a balloon. Furthermore, we can apply
this new stent for various kinds of stenting. For
example, stent for the esophagus, intestine, bile duct,
urinary tract will be embodied in future,

There will be a large market when we consider the
various kinds of stent, thus, industrialization is under
plan.

Therapeutic drinking stent

Cancer tissue invaded into the metallic stent, so,
internal diameter cannot be maintained in these cases
with progressing esophageal cancer. We are now
developing therapeutic stent with healing effect with
hyperthermia at the malignant tissue.

In our therapeutic drinking STENT system, 30-
60min daily hyperthermia 1s noted as the treatment for
the malignant carcinoma at the outsides of STENT. If
we added this function by the electromagnetic induction
to the drinking stent, the average survival time of the
patients should be prolonged by the therapeutic effect of
hyperthermia.
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Fig.I Theraeutic drinking stent

Furthermore, we can implant this system with only
fiberscope without any invasion to the skin.

We are now developing the drinking stent with
therapeutic effect.

Conclusions

Various kinds of artificial intemmal organs will be
embodied in future by the use of the nano technology.

References

[1] Pizzi M, De Martiis O, Grasso V. Fabrication of self
assembled micro reservoirs for controlled drug
release. Biomed Microdevices. 2004 Jun;6(2):155-8.

[2] Yambe T, Shiraishi Y, Yoshizawa M, Tanaka A,
Abe K, Sato F, Matsuki H, Esashi M, Haga Y,
Maruyama S, Takagi T, Luo Y, Okamoto E, Kubo Y,
Osaka M, Nanka S, Saijo Y, Mibiki Y, Yamaguchi T,
Shibata M, Nitta S. Artificial myocardium with an
artificial baroreflex system using nano technology.
Biomed Pharmacother. 2003 Oct;57 Suppl 1:122s-
1253,

[3] Shimizu N, Kawano S, Tachikawa M. Electron
correlated and density functional studies on

6—@3] =



hydrogen-bonded proton transfer in adenine-thymine
base pair of DNA. J Molecular Structure (in press)

[4] Takatani S. Cardiac prosthesis as an advanced
surgical therapy for end-stage cardiac patients:
current status and future perspectives. J Med Dent
Sci. 2000 Sep;47(3):151-65. Review.

[5] Mitamura Y, Nakamura H, Okamoto E, Yozu R,
Kawada S, Kim DW. Development of the Valvo
pump: an axial flow pump implanted at the heart
valve position. Artif Organs. 1999 Jun;23(6):566-71.

[6] Mitamura Y, Yozu R, Tanaka T, Yamazaki K. The
valvo-pump. An axial, nonpulsatile blood pump.
ASAIO Trans. 1991 Jul-Sep;37(3):M510-2.

[7] Shimizu N, Kawano S, Tachikawa M. Electron
correlated and density functional studies on
hydrogen-bonded proton transfer in adenine-thymine
base pair of DNA. J Molecular Structure (in press)

[8] Kampp M, Kawano S, Roche PJP, Rasch ], Madison
DH, Walters HRJ, Whelan CT. On the observation
of the fine structure effect in non-relativistic
processes. Eur Phys 2004, 29; 17-19SANTIC, A.
(1996): ‘Biomedical instrumentation’, (Skolska
knjiga, Zagreb)

67



58 . 566

3| aBnETY C RES

WEIR2EE, 58(6) : 566-570, 2005

AR RBNTEIR

i x® 8z

W—

Key Words : total artificial heart, ventricular assist de-
vice, rotary blood pump, axial flow pump

# B

HEECLE~ -V LadoiEE AT
N5 BEWD, M BLEIZ L - TEP I
m#E L, TRTEEKEL T ANE, HEHkD
BREL LCEMERIC2&3 LEZ ONLHT,
BEIZIILBBA, LhLdhE55FLi30h
VIES b BE 0,

ECIE, LMERT, LESETIATT -1
BESNLLHEELREOBETIE, LHEH
HLTb T a%0Amtd@ony, EET 5
ITOM, LHREOHBI L EIC L DEFIZE
Zv. EHIERBOEEFELAETIE, BRY#
Ry 50 BEMHBNERLEIZ L D ES
ML o2d 5. T, LETEHOBEIZL -
EAEELAHLL TV 2RS¥ bD—
DNLR Y TERMBITO NS, HiEEI L
BiZHH0F >y 7R GIEED) DB Tick
H¥ 2,042 % & { iZlow output syndrome (LOS)
ERERZ EDNB G, I TR, LOS, LAEEHC
BT 2 BHEAHBERIZI DV Tih~N 28,

KEIERA/NIL— R E 4 (IABP)

RERIIHGHBORBETL o L b HEIT
TN = a DB L T4 2 L LTIABPH

HH1 . KRR L 25 ORED HIUL,
RBETESELHFELT, Fo1 CICKMREIR %
YL, Y -AHTF—-TFNEIHAL, ¥ —A%
ALTFITREBIRECiV—vhTF—T L%
o, FHRlE LTERTTRASK, fLELH
BT LDOHVEATHDH, HEOBBETHRTS
1Y FTHBATETHS.
LEDYARER . &b T FITARBARIC T/ YL —
YEBLIEDLIEICEY, BAORIUEDOHE
EMNH O, HERMOMmME ERIZ X 0 ERhR M
mEminse, UEHEOROBHLrBR s
HAERAPHEOT, LR ERICRE
HThHs.
MESN-LUMEIHIT—TFLOFELKE L,
hEHEOHMS B D, KBEERICATME * 4
ELTEATLZONEAE 2o TV, &5
FLFEO#ERE L L2, H{TORARIZENR
LEMREE AR RR AN L IZ00, BER,
EOHEREYH 7 —F L%, PTCAHT —F
EERLZVETILYFONRL—AF—F LD
FEsha L) h, AREFABIZICHT
Lo THEFABDBRAIIEML /.
HIEd, PTCATEIZ, BEFMEAEDHOFIZ,
HEROMMNELTMFEL TEASNLIFALD
D, BEERE LT TEZ L, LBRLO
L LTOICHENEL I 2-oTETWA,
LA L7%&dts, IABPIE, M4 @45 K
TRy KU, T W Ta—%

* Mechanical circulatory assistance.

** Tomoyuki YAMBE, M.D., Ph.D., FICC, FJSIC : B4tk % hni = S B 75 P7 (©980-8575 il fs 7H % ¥ X & W E 4-
1] ; Institute of Development, Aging and Cancer, Tohoku University, Sendai 980-8575, JAPAN

= 33=




Cardioangiology Dec. 2005

BoHIHTnAETLROT, MEOMBIZIEL
BIIAHTH AH, AEHLZLAZICBITAFR
YTEMIIHIVEDHTEVEORELHE
aha, —Blicid, 1ABPI, [EHEBYE LTS
hTHLH, HEMBDHRL L THLALED
W0%HHRICTERWEWIT L H D, HEWHE
BLELXEELASTIE, S6CMHREMT
BARHOENL, 7k 2 IEKRISBRBEPCPSE &
Thh.

Percutaneous cardiopulmonary
support system (PCPS)

DR REETh - L LEFETELEMED
—2k LT, ALLIY AT A0 55, LEF
Wb A ALY A7 Aid, LREMO
it el iTTEL0T, FENCEESR
R R C D AHID T & B e e
FEREWVWAZEZRE, L Leds, LEF
i, WA OEW R, woh ERL
Wt B OhEREDOANLLHOH Y HTH S
b, BEMICE L rHERRTT ) F—
arEFIERELIoL. FITHES
L7 D7 Percutaneous cardiopulmonary support
system (PCPS) Th ¥, #REENC, KBRENERHR %
R+ A & THEOMEICEERTH I LA
HTHEN, ZOVATLAORKRIEHIZED,
HaERIREN A LELTELEEFH S

LA*L7Zedtt, PCPSY AT Lid ATMO#HS
LEHETAOT, ~N) AtmEfr-oThH, H
FlgHE— FEECRERSHS. £, AL
OEGEERT A — %) — Ky FTIENER
HobohnT, 24FET B HFERIZER L
LTH#EE2 AW,

A e ht 0 24BN 3T 0L AT ]
HETLbITREVWOT, EREHFELHICL
ELENAWETE, MALLE, £ERE
ALOHE, FLTUHBHRLZYE, S6ICHh%
HOGTFEALEIZRD.

AL D B

20054 7 B, EELFEHKFIIBVTHO
EEO— %) —F > 7 (RP) B T.LEREO BRI
HFHESNEELIFAL. BR2AR L%

58 | 567

£1 AILLDR

1. EEHREA TR
2. HBHA L
21, oL B A LB
2-1-1. FE BRI - AEHAR ok 1
2-2-2, FoLSERIM - ABEIAR XM
22, Ao B A LB

AL7:EERR 7 THLRPTREATEL L
o bbhh s Lo, LR ECHEERE A
ARy TOHELRILLTEY, 2589508
R TE-MmAMERICEVHEhh L,
BOLHICED, BREBIIEE~LENVHENS,

LizdoT, TATIGER, TRy 7#
Hed, HEBIADCHEEY, AT €LV ATALE
HaNBLWnIT EIChB, LIzh-T, IABP,
PCPSH, H v Er VI EERIFL T
WAHBI LizhAH, —RICATLEE LTHD
NAH0, #EATGHE, SEREATCRES
E»Cv;)z)mﬂa}_

Rk & kB LT, LRESELZWEWDRT
E/-BF T, ADLECEENEIEOEERR
Huk yFEZ LN TELD, BEOEEFORK
Kbz Eic X B0ME A~ Y FoBAPL, B
ftHE0HEzE,L, BRTEATGREE
D HMBTERALEC RS L) RERHAKCE
T2REEEEFTETIEARLOo2HLOHHIRT
HHEVED,

R HIUE, AT LA E(TTT2HE
EABEGHINTVS, 1213 HT 0L (0
FHF) EWOBWT, 220OMHER Y TILEL
CERLTLIDLDT, £BERAMATLRE
HFENE, b9 12EBESTOLEIEELT,
LERGE SN ST 6 M R L T,
H Y FTREIR~EM T 5 #EhA TR L HE
NLHLDTHL, 26THBATLEIZ, i
DEERE W T 2 £ LRI LGB, A0%
OBER % Wl 5.0 8B AN OB KR &
h, HEER EIIBTAEEOELROF
RIS CHIA T OB o, B
BILEE 2 E CHLODOMERIEFTEZVE
ZiRALHA T OB WE NS (T 1).
T, EOWMBATLORTI, EOBERPL/NA
NALTKBIR~R Y 7EMT A5 A4 7L, &

- 134 -



58 | 568

LEPSEMTL5 4 TO2#E8E S5, L
T O —FMLOSTI, AUEDSHBRIL L TL
EEELRTFLC, DiEonL, #@EHAT LR,

LOERYHMAKEVS Y, LEBHETOT
Dy YT, ELERLT, +50E Y TRE
PEFTAILULELRELH A,

1. £BRVATOR

FVEBERYA T ORO RS 2811, 1959
FIPFAHES 2 X 0RO N OO B E S
DR S TR, A LCIERZEDH ik A
HRTH-o. LA Leds, Ml - @ £
WAL - MEOWAERE, SFEFLHE
DO rRBERICHLD 5605
B Lo -BRAHL, B H0EMRIZI,
SEERATUROBRMNOBEEICHOHED H
B, BIMLEBOMOEGHRFEOLHORER
BENLZEEVRKEVWEFTH /2. EOH,
B EBOMSEOM EE 2T, 80D
5 ARG\ ERAR D F ARG S h A R RE) B
DEBEBBRBATLEY vy —Ev 2 74, 274
THEKORE WY EiFsh, TATLREIO
TR HICED LB H L. L LIS,
Jr—V¥y 2y 7 OEKRABRTIE, BRT6200®
EFRBLNL OO0, SFIChHnEEF X7
L, BEQOLIZEN-BHRBHEL 35V #
{, COHFOHELEbTLdLDTEE-
TEE,

20017 » ¥ v ¥ —HONMA ENKET, T
EOARKOLEBERHMAT LT EA 27O
BERRICAA R Sz, BETANT — {5k
AT LADICHIZL Y, EEBHALBI~OEE
HAhroh, ZRERBEOATLOLI I,
BREILT7F2—-T7THE AT LICEESR
A i, BEOGERO LRk L
HLEDL, BEDVATFLARTEAKELT 2
DAABHICIESRADTE, AMEREERANC
REEEDALI LR TER., FITLER
RATOCRBICEBL T, MESEEADLDHD
HMEDY AT AREVEDONTWVS,

Ev{EResm L ¥ —TiE, NEDOL X7
0dx2 bEMSLTHREDAARESEREA
TOEO Y 27 ARENED SR TE), =L
grond Fo—) v 2 HRT, Y)artA

WA W58k H6 T

NMESLTHERICEAO ALK H#) & ¢
BZAHZZXLT, BEFITIZINARVEIYNE
BlIBTARMAEFCRLTWA,
RRAKFETIE, BALAE - el KE - dbile
EEH RS - RRREAS - A AELR L L LE
T, EEMHEROT F— F 2 S THEBEEAN
TORBARE 7OV 22 FE#DHTWS,
KWL BELAENDE ) —DDIEEETH
LOMEEBHIL, FEWHIChREDEE T HIT,
HRED 2L LTHRIEATWE, FHTY
HOPERBHEEORIIICE h BESHEOPILIE
PEOLIIEL-TWAL, FH—FREMNEER
B ATHENLMEE &), BHEFITET
LihWoohsb, TALLNITCEBHLTEL
OYBEETOOLE(T) v VER)ELTD
ALLROIEHTHAE, Yr—¥Ey s 7084
(i, ALOCEAEPENCHIAT R, #F4
DRELFEHEBLEr— 7V TEZILTY
Poht, TOKEGERESLToABICED,
TEF A7 TROVICEESBOALZBIZES T
Wh, LA Lids, KETEEAMIEOAA
PAUEEL AT LATHHDT, EIMHEREL
»H—RANTLELER A 7OERLL R
na,

2. WMBVATILUR
—RIZIIHBERE VL E LT AEFOH I
i3, WEYA T OO A THEROMERVTIETD
ALansd, @EHATCEIEZ, MRERYMTEE
L CURFEHFEOLOSIZIT A7 /54 AL LT—
B EA* BEMICBRE S ND, FHREOHEBIA
TLORECEETY, HERIHBAL LR,
CEERTEY, LAANLERILAELS.
F07:012, BEENICERTHY LR LHBA
TLHROBMIE, KELIZ221281F52 EA¢
T&5, 1 23EAAMCATCRICEE L To
HERLERTIOOKAER)THY, b9
1 2 LB K- — (CEORMEE) HRoHh
LECO-BHLERAYENETELD(TY)
CER)THE. 7))y EROBLSTH, BE
OBETIE, LB TOREERIITY 2 £
FILORY, PAANZERLEB/R(SNT
WHLDNBRKTHS.

B L0 7)) v YERICBWTY,

= 135



