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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
is 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.
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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 is 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.

Fig.1 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 internal organs will be
embodied in future by the use of the nano technology.
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Abstract:

Seizure attack is an important symptom when
we consider the quality of life of the patients
with epilepsy. In some institute, implantable
electrodes for recording EEG were used for the
diagnosis of the focus. However, it was not
implantable device and there is risk of
infection and long term recording was
impossible. Furthermore we need
information of an another anatomical and
pathological findings like blood flow, et al. by
the use of CT, MRI, SPECT. In this study, new
implantable monotoring system of the brain
function was developed by the use of nano
technolofgy, Nano DLC sensrs was used for the
multichannel monitoring of brain focal blood
flow and EEG signals. Energy was trasferred

by the use of transcutaneous

energy

transmission system with nano particle.
Focus of the epilepsy was controlled by the
Peltier elements. Control unit was constituted
by the nano microtip computer. By the use of
this implantable system, brain function may be

controlled with implantable device in future

Introduction

0.5-1.5% of general population have the

Epilepsy.  20% of the patients cannot be

controlled by the medication. For the control of
the seizure attack, surgical resection of the
epilepsy focus must be considered. However,
complication must be considered in the surgical
resection.

If we can control the seizure attack without
surgical resection, it will be helpful for the
patients with epilepsy

In this paper, new artificial organ for the
monitoring and control of the brain function was

proposed and basic design concept was reported

and discussed

Nano sensors for brain function monitoring

We had invented new nano sensor consisted
from Diamond like carbon Nano composite.
Thickness of this DLC nano sensor is about 20
micron and by the changing of the dopping metal
we can check various patho-physiological
informations including pressure, temparature, and
various chemical parameters.

Bio compatibility is so efficient and it is very
thin film, so we can easily apply this sensor as the
implantable sensors for artificial internal organs.
In this study, we use this DLC nano sensor to

record the brain function.
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Fig.1 DLC nano sensing device

Anatomical fitting of the brain functional
monitoring

For the diagnosis of the epilepsy focus for the
surgical resection, implantable electrodes for
multi channel EEG recording was used in the
hospital. However, electric wire penetrate the
skin, so, there is a risk of infection. Thus; long
time recording is difficult in this system. If the
seizure attack is not happened during recording,
the diagnosis of the focus of epilepsy is failed

(1-4).

Fig.2 Imtracranial EEG multichannel electrodes

for the diagnosis of the focus of epilepsy attack

APCMBE 2005

In our plan, multi channel DLC nano sensor
was implanted and information from brain was
recorded from the transcutaneous energy
transmission system (TETS) and transcutaneous
information transmission system (TITS). By the
adopting of these systems, long time recording

without infection risk was embodied.

Control of brain function

In the several previous reports, seizure attack
can be controlled by the focal cooling. We had
invented the focal cooling machine by adopting
the Peltier element. By adopting this system, we
can control seizure attack by the implantable

device.
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Fig.3 An example of the time series data of
brain temperature during the cooling by the use of

Peltier element

When the epilepsy attack was prevented by
the implantable DLC nano sensing units, the
diagnose program check the seizure and Focal
cooling machine control the attack automatically

in our concept.
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Fig.3 showed the time series data of
temperature of the brain tissue during the animal
experiments. The Peltier elements worked well
and cooling of the tissue was embodied.

In conclusion, we can embody the new
implantable artificial organ, which can monitor
and control the brain function by the use of Nano
technology. This concept may be useful when
we consider the higher dimensional brain

functional monitoring and control.
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Abstract: Tohoku University was chosen as the
first COE research institution in the 2Ist
century. Various artificial organs, such as an
artificial heart, an artificial myocardium, an
artificial esophagus, and an artificial sphincter
muscle, are now under development. There are
common technologies for various internal
artificial organs. The Nano sensing device,
transcutaneous energy transimission system
(TETS) and surface materials are common in
various kinds of the artificial internal organs.
So, it may be convenient to develop various

kinds of artificial organs in one University,

Introduction

As for an implantable type artificial organ, a
space for implantation is restricted. Therefore,
micro device development is indispensable (1-11).
Nanotechnology and micromachining technology
development are very important. In Tohoku
University, various artificial organ development is

furthered according to the tradition of Nano

machine micro machine development. In this
paper, progress in various artificial internal organ

projects were described

Artificial myocardium with Nano Technology .

The purpose of this research is developing
nano artificial myocardium. Therefore, nano
actuator, nano sensor, nano-microtip PC, nano
fluid dynamics, nano TETS were studied in this
project.

Especially, control-objectives value setup
which imitated baroreflex system is tried using a
nano sensor and a nano micro control chip. As a
nano sensor, by this research, the nano thin film
sensor adapting diamond-like carbon (DLC) was
developed, and it

applied for the patent

(application for patent 2003-317956). The
outstanding biocompatibility can be expected and
the application to the artificial organ of all fields
can be expected. Furthermore, the nano sensor
adapting an optical fiber was also developed and

it succeeded in the animal experiments. Since
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information, such as each ventricle, can be
evaluated simultaneously, the optimal drive of
artificial myocardium is possible.

A hemodynamics is checked by the nano sensor
and it is expected that a patient's life prognosis is
sharply improvable by controlling an artificial
myocardium optimally. The actuator in which
nano micro-machining is also possible is used for
the artificial myocardium which this research
develops.

An artificial myocardium is a system with
which the pulsation of the heart is assisted. The
external surface of the heart is equipped with an
artificial myocardium. Therefore, like the
conventional artificial heart, there is no risk of a
thrombus and it does not have the problem of the
durability of an artificial valve. When there is no
necessity, an artificial myocardium does not
operate, and since circulation is performed only

with the heart, improvement in the durability of

an artificial-myocardium system is expected.

Fegtantable
artificial
Eyncardiug

Fig.l Schematic illustration of the implantable

artificial myocardium
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Development of an artificial esophagus which

can drink by the use of Nanotechnology .

An about 10,000 Japanese per year died with
an esophagus cancer. Everybody know that an
operation of an esophagus cancer is difficult,
because the reconstruction of an esophagus is
needed.  An operation will become easy if there
is an artificial esophagus.  An esophagus moves
food by peristalsis. An simple pipe is not
enough as an esophagus.

We invented the esophagus in which a
peristalsis is possible. The developed artificial
esophagus consists of a macromolecule material
and artificial peristalsis muscles. Human's
esophagus can swallow a thing by peristalsis. In
order to realize a peristalsis, the shape memory
alloy ring was used. The coil was made from the
fiber of the shape memory alloy which improved
durability by nanotechnology molecular crystal
arrangement (Biometal, Toki Co., Tokyo, Japan).

The ring of a coil contracted in order and the
peristalsis took shape.  The animal experiment
using the goat of the same weight as Japanese
people was tried. The

developed artificial

esophagus was replaced with the excised
esophagus. It was confirmed that the peristalsis
had been realized in the body of a goat.

By the artificial esophagus, an operation of an
esophagus cancer becomes easy. In the future, we
can undergo an operation using an endoscope
with artificial esophagus.  Since there is little
invasion, an operation of an old man will become
possible. It is expected that invention of the
artificial esophagus with peristalsis brings big

progress to esophagus cancer surgical therapy.
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Fig.2 A photograph of an Artificial Esophagus,

which can drink, after implantation

Project: Artificial Sphincter

Tohoku University invented the completely
new artificial organ named 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.

Fig.3 A Photrgaph of an animal experiment of the

Artificial Sphincter during opening.

APCMBE 2005

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(20-22)  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.

Conclusion

Based upon various basic technologies, a lot of
kinds of artificial internal organs can be carried
out in Tohoku University. Further expansion of

research theme can be expected in near future.
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Abstract:
Several investigators suggested that ACE
inhibitor and ARB are the important

antihypertensive drugs when we consider the
In this
study, effect of sensitivity of the baroreflex

sensitivity of the baroreflex system.

system was evaluated with non-linear

mathematical model, animal experiments using
artificial heart with artificial baroreflex system,
and HRV of the patients with essential

hypertension before and after the drug

administration. As the results, nonlinearity of

the mathematical model induced chaotic

dynamics, and these results was confirmed
with artificial baroreflex system with artificial
heart. Furthermore, after the drug
dimension of the
HRY

significantly, suggesting the feasibility of the

administration, fractal

chaotic dynamics of the altered
mathematical model and artificial heart model.
These results in this study suggested the
importance of the baroreflex sensitivity in

chaotic behavior in hemodynamics.

Introduction

Everybody knows that hypertension is one of
the most important risk factor, when we consider
the cardiovascular events including ischemic heart
disease, etc...and Several

stroke, SO on.

investigators had suggested that baroreflex system
play an important role in the pathophysiology of
the essential hypertension.

As we easily found in the textbook of
physiology, the Homeostasis maintain the
hemodynamic derivatives within normal range.
When the blood pressure increases, the
baroreceptor can detect this increase.  This
information is evaluated by the central nervous
And Heart Rate (HR) decreased by the

autonomic nervous system.

system.
Cardiac output is
decreased by the decrease of HR. And finally,
blood pressure will be decreased and returned to
normal range. This control system is called the
Baroreflex system.

If the sensitivity of the baroreflex system is
reduced, increase of the blood pressure cannot be
compensated.  So, blood pressure cannot be
returned to normal value even during the increase
of the blood pressure. By this reason, blood
pressure is maintained in the high order and
hypertension will be maintained.

Recenrly, various anti hypertensive drugs
were used in the clinic.  Especially, usefulness of
ACE inhibitor and ARB showed important topics
when we consider the sensitivity of the baroreflex
system.(1-3)

In this study, this baroreflex system is
simulated with electrical circuit model by the
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computer system using non linear mathematics,
and animal model using an artificial heart with
artificial baroreflex system. And this thesis was
utilized in the clinical actual data by the use of

non-linear mathematics.

Computer simulation of the baroreflex system

using electrical circuit model with non

linearity.

In 1996, Cavalcanti et al. reported the
electrical circuit model of the systemic circulation
and baroreflex
[EEE(4),

fluctuations like human being in the time series

system with
and found the

nonlinearity in

occurren ‘C e of

data of simulation.

Based upon this interesting challenge, real
data of human being was introduced to the
electrically simulated systemic circulation with

baroreflex

system. And the Nonlinear

mathematical analysis was performed.

Fig.1 Electrical circuit model of the systemic
circulation with baroreflex system including non
linearity

By the use of this electrical circuit model, an
interesting phenomenon was observed in the
simulated time series data. [f we altered the time
lag of the baroreflex system, non linear behavior
of the time series data in the simulated
hemodynamics was altered. The point attractor,
limit cycle attractor and bifurcation were
observed by the increase of the time lag of the
baroreflex system. And finally, deterministic

chaos was observed in the simulation after the

APCMBE 2005

increase of the time lag.

-3

8%
B
5
0
%

Fig. 2 Strange attractor of the deterministic chaos
observed in the simulated time series data
Our results in this

study suggested the

importance on chaotic

nonlinearity in the
dynamics in the systemic circulation.
However, these results are the only the
simulation, so, we must confirm this thesis in the
actual living model. So, we moved to the animal

experiments with artificial heart.

Artificial Heart with Baroreflex system

For the simulation of the baroreflex system,
an artificial heart was used in this study.

By the use of an artificial heart complete
prosthetic  circulation independent  from
circulatory regulatory system was obtained.

In this study, we adopted the biventricular

bypass type total artificial heart.

Fig.3 Animal

experiment of the artificial heart
with baroreflex system
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We had invented the new artificial control
algorithm named Resistance Based Adaptive
Control system (RBAC) simulated the baroreflex
system based on the 1/R control algorithm(5-7).

In this automatic control algorithm, optinal
drive of the both pumps was automatically
maintained. And in the second step, left and
right heart outut balance was automatically
controlled. Based on these two steps, artificial
baroreflex system was added to these control
logics based on the information of the peripheral
vascular resistances.

As the results, chaotic time series data was
observed in the animal experiments with artificial
baroreflex system, though an only limit cycle
attractor was observed in the time series during
only optimal drive and L-R balance algorithm.

Our results in this experiment suggested the
importance of the baroreflex system in the
occurrence of the chaos in the time series data of
the hemodynamic parameters.

Based on this result, we want to move to the

clinical data

Clinical data of the patients with hypertension
There are a lot of drugs for the hypertension
treatment. Several investigators noted that
baroreflex sensitivity was improved by the use of
the ACE inhibitor.

system plays an important role in the chaotic

In our study, baroreflex
behavior in the hemodynamics.  Baroreflex
system is, of course, an important non linear
dynamical factor in the circulatory regulatory
system. So, it is interesting to evaluate the effect
of baroreflex system in the non linear chaotic
dynamics.

In 1975, Mandelbrot noted the thesis of
FRACTAL.

evaluated by the Dimension.

In this paper, Fractal structure was
This concept was
expanded to the structure of the time series data,
later.

Fractal dimension analysis was reported to be

useful for the quantitative evaluation of the

APCMBE 2005

complex dynamics in non linearity.

In this study, fractal dimension analysis of the
HRV was performed by the use of box counting
method.

An example of a patient with hypertension

was treated with ACE inhibitor and shown in a
fig.4

Fig.4 Circadian rhythm in the fractal dimension of
the HRV in a patient with hypertension before and
after the ACE inhibitor administration

In some patients with essential hypertension,
sensitivity of the baroreflex system was reported
to be tended to decrease.  So, Information
entropy of the complex dynamics may be thought
to be decrease.

In this patient, fractal dimension of the HRV
tended to decrease compared with normal subjects.
After the administration of the ACE inhibitor,
fractal of HRV was

suggesting the improvement of the complex

dimension recovered
dynamics behavior.

In summary, baroreflex system may play an
important role in the chaotic dynamical behavior
in the hemodynamic parameters from the results
of electrical circuit simulation non linear
mathematical model, animal experiments of the
artificial heart with baroreflex system and clinical

data of a patient with essential hypertension.
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Abstract: The effect to peripheral circulation
of alterative magnetic stimulation was
evaluated in this study. The effect of
magnetic stimulation as the medical treatment
was examined using thermograph for healthy
volunteers. The rise of skin temperature was
observed by thermography as a result of the
experiment, suggesting the improvement of
peripheral circulation. Our results in this
study may suggest the usefulness of the
alternative magnetic stimulation on
astherosclerosis.

Introduction

Recently, the Magnet therapy attracts attention
as one of the alternative medicine in all over the
(1-3).
quantitative research from a medical viewpoint.

world However, there is very little
Recently, the medical treatment equipment by
alternative magnetic stimulation was developed
newly. The increase effect over a peripheral blood
flow is expected and feasibility of the new
regenerative medical treatment methodology may
be embodied.

Magnetic medical treatment may be effective
treatment of  obstructive

in  the medical

arteriosclerosis.  We studied magnetic medical

treatment by thermo graphy in this study.

Material and method

We experimented using 11 healthy men's
volunteer. Approval of the Tohoku University
department Ethics

obtained. Informed consent was acquired with

medical Committee  was
documents.

Firstly, thermography was recorded before the
experiment.  Thermography used in  this
experiment is NeoThermoTVS7000 of Nippon
Avionics Co., Ltd. The temperature of both hands
was recorded using this thermography.

After recording, a left arm of a volunteer put
on the magnetic therapy machine, which can
fields.
machines are

produce the alternative magnetic

Magnetic medical treatment
NStherapy and a Soken exchange magnetism
medical treatment machine.  Magnetic medical
treatment for about 20 minutes was performed.
Thermography measurement of both hands was

performed after magnetic medical treatment.
Resuits

Significant side effects were not observed in
all the cases of 11 examples. Completely safe
magnetic therapy was possible in this experiment.

An example of the thermography after magnet
therapy using alternative magnetic field is shown.

in the figure.
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Fig.1 Thermograph after the alternative magnet
stimulation  for the left hand.

After the magnet therapy using alternative
magnetic stimulation of the left hand, a left hand
temperature is intentionally large compared with a
right hand temperature.

Of 11 examples, there were many cases in
which the temperature rise of thermography was
shown, after magnetic medical treatment.

Discussion

Increase temperature suggested by the change
of the thermography after the magnet therapy with
alternative magnetic stimulation was observed in
this study. The results of thermography may be
data which suggest change of peripheral
circulation.

The rise of skin temperature may mean an
improvement of peripheral circulation. Therefore,
magnet therapy with alternative magnetic
stimulation may improve peripheral circulation.
This phenomenon may be a impressions which
suggests the possibility of the medical treatment
to obstructive arteriosclerosis.

Alternative

magnetic  stimulation  may

generate feeble current in blood. Feeble current
may influence the ion in blood. These are
considered that it may affect autonomic nervous
system and the peripheral circulation.

Recently, the angiogenesis by physical
stimulus attracts attention in the medical fields.
Especially

alternative  medicine and an

angiogenesis are the topic of a medicine society.

APCMBE 2005

However, there are few papers which took notice
of the physical stimulus by magnetism. The effect
over peripheral circulation of a magnetic stimulus
may be suggested from the result of this research.
We want to advance research also in the
direction of an angiogenesis from now on.

Acknowledgements:

This work was partly supported by a Grant-in-aid
for Scientific Research (11480253), the Program
for Promotion of Fundamental Studies in Health
Science for Organizing Drug ADR Relief, R&D
Promotion and Product Review of Japan,
Research on Advanced Medical Technology in
Health, and Labor Sciences Research Grants
(H14-Nano-020), Research Grant from Fukuda
Memorial — medical — Technology — Promotion
Foundation, and Research Grant from Center for
Interdisciplinary Research, Tohoku University.

References:

1. Ichioka S, Minegishi M, Iwasaka M, Shibata
M, Nakatsuka T, Ando J, Ueno S. Skin
temperature changes induced by strong static
magnetic field exposure.
Bioelectromagnetics. 2003 Sep;24(6):380-6.

2. Boon P, Vonck K, Van Walleghem P, D'Have
M, Goossens L, Vandekerckhove T, Caemaert
J, De Reuck J. Programmed and
magnet-induced vagus nerve stimulation for
refractory epilepsy. J Clin Neurophysiol.
2001 Sep;18(5):402-7.

3. Weintraub MI, Wolfe Gl, Barohn RA, Cole
SP, Parry GJ, Hayat G, Cohen JA, Page JC,
Bromberg MB, Schwartz SL; Magnetic
Research  Group. Static magnetic field
therapy for symptomatic diabetic neuropathy:
a randomized, double-blind,
placebo-controlled trial. Arch Phys Med
Rehabil. 2003 May;84(5):736-46

— 196 —

pa-2-39



