Fig.5 Visualization of distribution of myocardial strain of heart surface
with colors

IV. DISCUSSION

Throughout the study, it was indicated that current optical
location sensor could track the same specific points only o
attach markers on the heart surface. This might be a
promising method, but future work will be required to
optimize the size. the number and the arrangement of markers.
In the present system, markers were stitched onto the
pericardium directly. but there is a possibility to eliminate
markers to evaluate the heart function without physical
contact, if a tendency of some relative changes between
specific points can be quantified [6]. Of course. accumulation
of present data using our new method must be required.
Current method has not been able to measure the thickness of
cardiac muscle, it will be possible based on the analysis of
regional contractile data combined with anatomical, and
ECHO data.

Nonetheless. the newly method will allow us to quantify
the surgeons’ skill and to support in the practical surgical field.
For instance, it will provide effective dynamic parameters for
the optimal control of the heart function externally in case of
the usage of the ventricular assist device.

V. CONCLUSION

Tt is concluded that preliminary trials for the development
of a surface measuring system were achieved as follows: 1)
Heart surface deformation was obtained quantitatively by
measuring the displacements of the anatomical points of
cardiac muscular surface. 2) The differences of the
displacements and phases were also observed among
segments of heart surface under various circulatory
conditions. 3) Strain changes in regional areas were
calculated based on displacement changing data. 4) Strain

change data was superimposed onto the video images of

natural heart. It was helpful to understand a cardiac function
visually.

Left Atrum
Z

Q\‘\?‘ N N

Displacement
cm

2 ',_/\J\\/\—\_\H\,\_\/\,\V_/\.i

Time  sec

Fig.6 Comparison between displacement changes and hemodynamic
data in goat

— 137 —

REFERENCES

S. Cotin, H Delingette, and N. Ayache, "Real-time elastic deformations
of soft tissues for surgery simulation,” JEEE Trans. Visual. Comput.
Graphics, vol. 3, pp 6273, Jan-Mar 1999

S, F. F. Gibson. “Using Linked Volumes to Modet Object Collisions,
Deformation, Cutting, Carving, and Joining,” JEEE Trans. Visial.
Comput. Graphics, vol. 5. pp. 333-348_ Jan.-Mar. 1999

[ F Costaand R. Balaniuk, “LEM—-an approach for real time
physically based soft tissue,” in Proc. 2001 JEEE Int. Conf. Robotics
and Awromarion, 2001 pp. 2337-2343.

S Suzuki, N. Suzuki, A Hattort, A. Uchiyama, and S. Kobayashi,
“Using Linked Volumes to Model Object Collisions, Deformation,
Cutung, Carving, and Joiming,” JEEE Trans. Med. Img. vol. 23, 1n0.6, pp.
714-722. June. 2004,

R.Y. Tsai, "A versatile Camera Calibration Technique for
High-Accuracy 3D Machine Vision Metrology Using Off-the-Shelf TV
Camera and Lenses.” JEEE Ini. Jowrnal on Robotics and Auromation.
vol. 3. no. 4, pp. 323-344, Aug. 1987

M Uematsu, N.Suzuki, A Hattor1. Y Otake, S.Suzuki. M Hayashibe,
S.Kobayashi and A.Uchiyama, “A real-time data fusion system
updating 3D organ shapes using color information from
multi-dimentional cameras.” /i, Congress Serfes, vol. 1268,
pp.741-748. 2004



B117 JRREMES &% i Lz LU SRINERIBhEEE OB %

Development of a totally-implantable artificial myocardium using a shape memory alloy fiber

O KFEFEARGEAMEL) FEE (R AE ) REERABEMET) BRRCEABAEMET)
iE FREEEEEMET) E EARZCGUACKIETT BIR—ECRAIMEDD SBHMECRALRINERRT)
PRESSCRALIIERDD  IWSE 2GRS BPAGRER) SERBCHEER TV —tr2—)
E WAEREILIRN BAEEEHRIR) AR (Fa— L —iay)

Jun NAGATOSHI, Shinji ITOH, Miyuki UEMATSU, Takashi TANAKA, Mitsuo UMEZU, Major in of Integrative
bioscience and Biomechanical Engineering , Graduate school of Waseda University, #58-322 34-1 Ohkubo, Shinjuku-ku,
Tokyo, Yasuyuki SHIRAISHI, Kazumitsu SEKINE, Satoshi KONNO, Yoshifumi SAIJO, Tomoyuki YAMBE, Institute
of Aging and Cancer, Tohoku Uni., Akira TANAKA, Fukushima Uni, Makoto YOSHIZAWA, Information Synergy
Center, Tohoku Uni, Noriyasu MASUMOTO, Mechanical Engineering, Nippon Institute of Technology, Tetsuo
FUJIMOTO, Mechanical Engineering, Shibaura Institute of Technology, Dai HOMMA, Toki corporation

Key words: artificial myocardium, shape memory alloy fiber, heart failure,

1.5

BIEORSBE IS THERELT, BEMDA T UEE
AWz IB R LB KRR FERETANR NIRRT EN
AT T WA, LnLARS AN T LEREE R4 Bh 18
BICBOTE, ALDCHETAEHENKERBEL - T
BY, FF—LEOR RIS — AR ETR
DZ TRV, LDAREOREBIZAEMIIT LN HOKRT
WCERTARBMPHEHOBRICHAZLNE, KIFF T,
RIS EZERALEFLWALLHIZEATE BRI E
OBRBEERTHIZERHBEL Y, Fig.l KFOEELRT. #B)
HITHLBIYCEREREL, LRBORMBGERL T, LEE
BOBAZEROBIREESETIEHBESE TLEOUHE
YB3 5.

BAEDLDEENELLTE, BV AFAEOHEEDH A
BHI LD GBS EVEF-IC AL FiEes)y FROB B
ANWTOLEORBREF/NTHHFESROLNL WS 2 GHM
I SRR RE D ER B AL OO, BT EREEOR
BEMNEEL, DIBOR THEELL TR T 2551,

AKIFFRCB VTR TAERIL, EROHNIZOEOME
PRI FHECHELT, BMICOBOABIVE DB E
&Y, OCBOILEARES T, DBREORENBTED.
2. Kk ‘

2.1 WELERE Sk

AHFETIE, BHERLLUOERE#ESSE M o—RL—

ay, Biometal BMF100) 2B WT, AL LFHE#ERALE. £

i

B AR A Tablel 12, FEIELZA T OHEBOMES Fig.

21RY. BB LD EMBERIIA T O % 10 A 5IHR
LLEHE LU, DEABICRETI D, EROBES L
ETHY, BRERIV - CEERPHB L. BHEEKH#
BT, EACESELE 2 KR 1L SHO= =y b S
EEN, BRBBICIZV 2N EE 2=y M ER A
F Lo TRIBICIE T AN THD. Z0.LERHB
BI Fig. 1 (SR AT EKIIEOBN TOERRY BT I
BEBEI, HOYPLDH LHOYAXIEL CREDAE LT
2.2 B HRR
CERTLHLEHBEBIOATAORBER THLBREE
SEDOEBNLBEERAZRYD, Figl3 IR TRBEBRL R
WTBEMBICIARMEORDOTHEEERIELL. M
B OEMBZEELTOSHz O FH TITV, FRGER A L
LT 2 BEOB -ENTR (17 BLO 4 IN/mm) 1IZXLTTF —
SWREEITok. Ao —F A (HFnEE,

Ventricle
Sensors

Device

Fig.1 Schematic illustration of a concept of a
totally-implantable artificial myocardium using a shape
memory alloy fiber

Tablel An example of the specifications of artificial
myocardium

items Values
Number of fibers 10
Diameter of each fiber mm | 0.10
Length of each fiber mm | 280
Weight of each fiber mg | 14

Fig.2 The artificial myocardium, which consisted of shape
memory alloy fibers, and a silicone left ventricular model.
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Fig.3 Schematic drawing of the measurement systems for the
stress-strain characteristics of the shape memory alloy fibre.
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Fig.5 Changes in hemodynamic waveforms obtained in a
goat; the arrows indicated the mechanical contractile
assistance by the artificial myocardium developed.
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Abstract: The authors have been developing a new
evaluation method on cardiac function, which is
based on surface measurement of the heart. With this
system, an animal study was performed to examine
heart function under a normal pulsating state and
arrhythmic conditions. The physical data such as
electrocardiogram, blood flow and pressure were
simultaneously obtained and compared with this
approach. It was found that there was a difference in
displacements and phases from control fto
arrhythmia. With the physical data, it was confirmed
that strain change in regional area was coincident
with a contraction of natural heart. Moreover, the
fusion images allowed wus to understand the
superficial strain of regional areas differs among the
various heart functions visually. In the near future,
this method will widely contribute to the clinical
diagnosis of the patient.

Introduction

Generally, surgeons visualize the behaviour of the
whole heart in their mind, by integrating the information
of superficial and internal heart movement. Although
the internal information of the heart can be captured as
the structure and the movement by the echocardiography
and as the pump function by the blood flow and pressure,
the sequential changes of the surface configuration are
qualitatively obtained as the surgeon’s recognition.
Therefore, the authors have attempted to measure the
surface movement as the quantitative data. Besides, by
corresponding it to the contractile patterns of the
superficial myocardium, it is proposed that it may be
considered as the evaluation indicators of the cardiac
function [1].

This paper discusses the changes of the cardiac
behaviours under the states from normal to arrhythmia
by using the surface approach.

Materials and Methods
L. Preparation of animals

An anesthetized open-chest goat (weight: 51kg) was
used for this experiment. Changes of the cardiac function

were examined under the state from normal to
arrhythmia.  Arrhythmia was provoked by the
administration of an overdose of epinephrine
(0.002mg/kg) for a goat.

2. Measurement System of Superficial Cardiac Function

Figure.1 shows the system overview. Figure 1-a
shows the experimental setup. An optical 3D location
sensor (Stereo Labeling Camera, CyVerse Inc.) was
utilized to measure the sequential displacement of the
anatomically specific position of the cardiac surface.
Simultaneously, the operative field was shot by a digital
video camera.

3. Marker Settings

This study aimed at measuring the contractile
function on the left atrium (LA) and the left ventricle
(LV). Cardiac surface was divided into regional areas
based on the anatomical structure. Anatomical points
were specified to track the individual movement. Figure
1-b shows the location of the reflective ball markers on
the operative field.

4. Caleulation of Cardiac Function of the Regional
Areas on the Surface

The cardiac surface was divided into twelve triangle
areas by selecting three points from all specific points
(Figure. 1-¢). The cardiac function was induced by the
calculation of the area changes on each regional area.

According to previous work [2], the integral of wall
tension with respect to the area of a specific wall region
during one cardiac cycle, which is equal to the area with
a wall tension regional area (TA) loop, gives mechanical
work performed by the region

RW :—rT(%)dt ()

where riy is regional work, f, is onset of systole, ¢, is
end of diastole, 7is wall tension per unit length in the
thin wall model, 44/4r is rate of change in regional area.

Assuming that the wall tension T is constant in one
cardiac cycle, 7 will be expressed as follows:
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Figure 1. Data process of the evaluation system of cardiac function based on surface measurement

Twelve points were selected and reflective ball markers (diameter: 6mm) were stitched onto the myocardium as
follows: one point of the first part of the aorta (AO), one point of the LA level (LA), two points of the mitral valve
level (MVa, MVp), three points of the papirally muscle level (PMa, PMm, PMp), three points of the tendinous chord
level (TCa, TCm, TCp), two points of the apex (Aa, Ap). It was successfully identified that these levels move
concentrically around the septum by images obtained from echocardiography.

T=T (2
Thus the expression (1) is lead to the expression (3).

RW:—_Y:J'Z al, (3)
A\ dt

The equation (3) is applied to this surface
measurement system. Here, 44/ means rate of change

in regional area. In order to eliminate the differences
between the sizes of the regional areas, the following
steps were adopted.

When S, is the area of a regional triangle for any time,

S is the average of the §, in one cardiac cycle, and

AS, is the difference between §, and :ST

AS, =S5, -5 &
If the cardiac muscular surface doesn’t change

drastically, A S will be described as AS < S . Therefore,
the strain of regional surface area £ is define as,

s=ASIS (5)

5. Visualization of Cardiac Function of the Regional
Areas on the Surface

In this system, there are two coordinate systems such
as the optical 3D location sensor and the video camera.
Fusion images were produced by these coordinates were
integrated. The contractile patterns were shown in
colours with a reasonable degree of transparency. It can
be extremely helpful to understand a cardiac function
visually.

Results

Figure 2 shows the movement at twelve specific
points from the baseline (the origin of the optical 3D
location sensor) during changing states from normal to
arrhythmia. [t was found that there were three phases
from normal to arrhythmia as follows: control, transition,
and arrhythmia. About twenty second later than the
administration of an overdose of epinephrine for a goat,
the blood pressure was risen sharply, arrhythmia was
provoked. It was concurrently observed that the heart
moved strongly.
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Figure 3. Sequential changes in the regional strain rate
The numbers () - (2) shown in Figure 3 correspond to the ones of the areas in Figure 1-(c).
Figure 3 shows the strain rate and ECG in the three Discussion

phases. In a normal state, each point varied periodically
at a constant frequency in relation to pulsatile movement.
It was considered that changes in the phase were
transmitted from the septum to the whole heart. The
results coincide with the conducting system of the heart.

As regards to the evaluation of the myocardial
contractile function in the regional area, there is an
attempt to observe the regional wall motion by the
sonomicrometry[8].  In this method, it needs that
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ultrasound crystals were embedded into the inner heart,
although the crystals were small enough. Therefore, it is
hard to utilise for a clinical application. On the other
hand, only with our method, it is unable to obtain inner
information of the heart. However, it can be overcome by
using conventional method such as echocardiography.

In this experiment, the intervals between markers
were specified twice longer than the diameter of the
markers to distinct them even if markers move closer
each other. For twelve specific points, it was appropriate
that the diameter of sphere marker was defined as 6 mm.
If the surface is segmentalized in more detail,
downsizing of the markers is needed; however, it is not
practical method due to the changes of cardiac function.
For clinical use, marker less measurement is expected. In
particular, anatomically specific points such as branches
of coronary are marked in colors and the contrast is
enhanced against the background, the difference of
colors is used instead of markers®™. Although the
improvement in spatial and time resolution are current
issues, they may be achiveable in near future by the
adavancement of the resolution of image devices and /or
the processing capacity of the computer.

Conclusions

It is found that there is a positive relationship between
the cardiac function based on the surface measurement
and the conventional understanding of the physiology.
This method can provide the quantitative information
during surgery. In the near future, it will widely
contribute to the clinical diagnosis of the patient, when
surgeons try to improve safety of the surgery.
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Abstract: As for a surgical treatment of coronary
diseases Off-Pump Coronary Artery Bypass
Grafting (Off-Pump CAB) has been adopted in
recent years because of its less-invasive effect as
compared with conventional CABG. However,
sophisticated skill is required for Off-Pump CAB
during on-beating condition. Although this technique
has many advantages, a major problem is how to
establish a training program for young surgeons.

To improve the situation, our group has been
proposed a new concept: a “Patient Robot” which is
an in-vitro mock circulatory system that provides
various types of coronary disease as a training
machine for cardiac surgeons. The “Patient Robot”
consists of four parts. 1) Coronary vascular model,
2) Graft model, 3) Scoring System for self-evaluation
and 4) Pulsation Unit. A general procedure is as
follows: Firstly, trainee sets the “Coronary model”
onto the Pulsation Unit”. Next, the trainee makes an
anastomosis between Coronary model and Graft
model under pulsatile condition. Then, the
anastomosis outcome is hydrodynamically evaluated
by “Scoring System” from the view points of a
relation between blood pressure and flow. As the
first stage of the study, thin silicone tubes, which
simulate a mechanical property and touch for real
coronary and graft have been fabricated.

Introduction

As for a surgical treatment of coronary artery
disease, Off-Pump Coronary Artery Bypass Grafting
(Off-<Pump CAB) has been adopted in recent years
because of its less invasive effect as compared with
conventional CABG. A major advantage of Off-Pump
CARB is that patient has been able to avoid the invasion
by extracorporeal circulation. Therefore Off-Pump CAB
is usually employed for high-risk patients (: hepatic
insufficiency, aged, etc). However, the Off-Pump CAB
operation is much more difficult than conventional
CABG because of the on-beating condition. Thus,
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Stabilizer is used to make the operative field stable for
accurate anastomosis(Fig.1)[1]. Fig.2 shows that human
heart cardiac muscle, which has been stabilized by
Donut Stabilizer. There still exists a small pulsation on
the operative field, even if the stabilizer has been
installed. This small pulsation becomes one of the
causes of critical damage to the recipient coronary
artery by surgical needle. Generally, wall of coronary
artery of Off-Pump CAB patients is very weak. Thus,
sophisticated skill is required for the anastomosis.
Accumulation of the surgeon’s experience is very
important for junior surgeons towards a well trained
practical surgeons. However, there are not enough cases
for each surgeon to brush up their skill at present
situation. According to statistical survey, there are 2,937
cardiac surgeons in Japan.

Fig.1 Donut type stabilizer

Fig.2 Anastomosis of operative field on human heart
surface stabilized by Donut Stabilizer
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And 20,095 CABG cases in 2002 were conducted in

Japan[2]. A major problem is how to establish an

effective program for young surgeons. To overcome the

situation, our group has originally proposed a new

concept: a “Patient Robot” which is an in-vitro mock

circulatory system that provides various types of

coronary disease as a training machine for cardiac

surgeons. There are several design concepts for the

development of the Patient Robot as below.

1) Real tactual feeling for anastomosis

2) Reproduction of various cardiac diseases

3) Quantitative evaluation for the outcome of
anastomosis between coronary vascular model and
graft model

Materials and Methods

The “Patient Robot” consists of four parts. 1)
Coronary vascular model, 2) Graft model, 3) Scoring
System for self-evaluation and 4) Pulsation Unit. A
general procedure is as follows: Firstly, trainee sets the
“Coronary model”, which has desired clinical condition
onto the “Pulsation Unit”. The “Pulsation Unit”
generates desired pulsatile motion as like stabilized
cardiac muscle surface. Next, the trainee makes an
anastomosis between coronary vascular model and graft
model under pulsatile condition. Then, the anastomosis
outcome is hydrodynamically evaluated by “Scoring
System” from the view points of a relation between
blood pressure and blood flow. Details about the
components of the Patient Robot has been described as
below.

1. Coronary vascular model and Graft model
Fig.3 shows an anatomy of coronary arteries. Left
anterior descending artery (LAD) is a branch of the left
coronary artery that runs to the apex of the heart in the
anterior interventricular sulcus, supplying the ventricles,
and most of the interventricular septum. Thus, stenosis
of LAD often induces a severe ischemia. An
anastomosis between recipient coronary artery (LAD),
and graft artery: Left Internal Thoracic Artery (LITA),
is the most common combination for CABG. As the
initiation of this project, ligation was focused aimed on
the area of LAD and LITA as a surgical training model.
Silicone rubber (KE1603A/B, Shin-Etsu chemical co.
Iltd.) was chosen as a material for vascular models
because of a feeling similarity of the touch. Fig.4 shows
a schematic representation of coronary vascular model.
Internal diameter of the model was 2mm. Coronary
vascular model and graft mode!l were fabricated by
dipping method. Therefore, thickness of the models was
adjustable.  Moreover, Young's modulus  was
controllable by the ratio of silicone oil, which was
compounded to the silicone. Followings are general
procedure to develop vascular models, which satisfy the
surgeons’ tactile feeling reasonably.

1) An interview to cardiac surgeons who operates at
least 100 cases per year: about the touch with
several types of silicone tubes, that compound
different oil ratio. Then determine a favourable
parameter for oil ratio.
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Measurements of the silicone models quantitatively.
Defined the engineering parameter for the
appropriate surgical training models such as
effective Young’s modulus through tensile test, and
coefficient of visco-elasticity through visco-elastic
test.

Measurements of the properties of native porcine
organs, including myocardium around LAD, LAD,
and LITA. The measurement procedure is the same
as above 2). The sample organs must be fresh: less
than 5 hours after pick up.
Fabrication of silicone vascular
optimal oil ratio.

Interview to the surgeons with several silicone
models, which compounded different oil ratio.

models with

Fig.5 is a photograph during examination of various
silicone models by cardiac surgeons. The examination
had been taken under real operative condition. For
example, the use of latex groves, forceps and a cardiac
needle holder.

Fig.5 Testing the silicone vascu
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Fig.3 Anatomy of Coronary Arteries
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Fatty tissue
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Fig.4 Schematic drawing of coronary vascular model
and, graft model

lar models with forceps
and needle-holder during real cardiac surgery
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2. Scoring system

Fig.6 shows the “Scoring System”, which includes a
mock circulatory system for coronary circulation
developed by Umezu lab., Waseda University[3].
Pneumatic controlled artificial heart, SV pump, also
developed by Umezu lab., generates the human
systemic circulation with the compliance and reservoir
tank[4]. The PC controlled linear actuator generates
coronary circulatory flow with full-wave rectification
circuit, which consists of four check valves. The
advantage of this system is that, coronary circulatory
blood pressure and blood flow can be adjusted,
independently. Desired waveforms, for example
arteriosclerosis, are able to be entered to the PC by a
trainee. The anastomosed silicone vascular model will
be set in the test section. Then end of recipient and graft
mode! must be connected to the “Scoring System”.
Trainees can evaluate their technique by monitoring
pressure and flow waveform.

3. Pulsation unit
During Off-Pump CAB operation, Stabilizer is used to
stabilize the operating field for anastomosis. It was
confirmed that “Pulsation Unit” produced a practical
on-beating situation. To obtain the design specification,
acute animal experiment was performed to obtain
suitable parameters to design “Pulsation Unit”. In the
experiment, 3D motion on goat’s myocardial surface
was captured by Stereo Labeling Camera (SLC)[5].
Fig.7 shows a goat's myocardial surface measured by
SLC at Tohoku Univ. The reflective spheres were sewn
on pericardium by polypropelene surgical strings.
Absolute displacements of these markers had been
measured in real time. “Pulsation Unit” is design based
on such in-vivo myocardial motion data. Actual
procedure in training operation is that, trainee sets any
coronary model onto “Pulsation Unit”, and input the
several parameters for myocardial surface motion.

Pneunatic driver

E=] Compliance Resevoir

Fig.6 Evaluation system of anastomosis methods for
CABG with the location of flow and pressure measured.
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Results

Thin silicone tubes for “Coronary model” and “Graft
mode!” have been fabricated based on quantitative data
which was analysed by the comparison between the
feeling of distinguished surgeons and tensile test of the
silicone model. As a result of the interview to
distinguished surgeons, it was found that there was
optimal ratio of compounded oil for the silicone
vascular models. Silicone tubes, contained silicone oil
(silicone/oil <1.0 [g/g]), was the most favourable model.
Through the tensile test of dumbbell shaped silicone
specimen , the Young’s modulus (where ¢ =1, n=5)
was less than 0.1 N/mm*(Fig.7). Fig.8 shows basic
waveforms of coronary blood pressure and flow,
generated by “Scoring System”. The arrows express
typical two-staged flow pattern, indicated a simulation.
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1 4 ey 3.‘ Pulsation Unit . . .
05 . ) ' Fig.9 shows that, native cardiac motion of goat’s heart
\/’W with in 0.5c¢m in each coordinate. It has been confirmed
that, the design specification for Pulsation Unit. In
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Fig.9 Motion of LAD had been measured by SLC

Fig.10 Acute animal experiment using goat’s heart. SL.C
system with reflection spheres had been employed for a
measurement of myocardial surface motion.

Fig.9 shows the reflective sphere motion on LAD
measured in goat. The position of LAD is shown by an
arrow in fig.10.

Discussion

1. Coronary vascular model and Graft model

Fig.7 shows a relation between oil ratio and Young’s
modulus. The Young’s modulus had been employed
where ¢ =1, because generally elasticity of native
arteries drastically changed at this point. The result
shows that there is an optimal range of Young’s
“modulus (0.1N/mm?) to develop a favourable vascular
mode! for surgical training (Fig.7). However, Young’s
modulus of polymer has non-linear character subject to
strain. In future experiment, the non-linearity should be
considered to determine effective Young’s modulus for
development of surgical training vascular model.

2. Scoring System

The waveforms of blood pressure and flow, which has
been shown by Fig.8, well simulated the real coronary
circulation. Arrows in the figure show unique waveform
of coronary. quantitative evaluation of an anastomosis
will be expected in future experiments.
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future experiment, it is expected that, stabilized cardiac
motion around LAD will be measured.

Conclusions

Development of “Patient Robot” had been started.
Three components, vascular silicone model, Scoring
System, and Pulsation Unit were designed in parallel.
There was favourable range of Young’s modulus for
distinguished cardiac surgeons. Using Scoring System,
human coronary circulation had been reproduced.
Moreover, pressure and flow had been controlled
independently. As a result of acute animal experiment,
motion of cardiac surface had been quantitatively
defined by SLC.
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Abstract: For patients of esophageal cancer, the
most popular and reliable surgery is a restriction of
abnormal parts of esophagus. But this treatment
reduces quality of life for patients. To solve this
problem, we have studied about an artificial
peristaltic motion using helicoidal shape memory
alloy (SMA). At this paper we have developed as an
artificial esophagus using SMA to support drinking.
A shape memory alloy (SMA) was used to make the
peristaltic contraction. We use a special SMA, Bio
Metal Helix 150. BMX150 has some high potential
characteristics which could demonstrated as an
artificial muscle. A half part of silicone pipe was
covered and fixed with poly-ethylene terephthalate.
BMX150 was crossed as half-pipe for silicone tube
and fixed to the PET on the edge. 3 segment of
BMX150 were sequentially set to the axial direction
of silicone pipe. The SMA segments were heated for
electrically to the variation alteration and 3 segment
of BMX was sequentially contracted. The peristaltic
actuator was demonstrated under the X-ray
observation of contraction, and the inner pressure
variation measurement test filled with saline.

The peristaltic actuator using BMX had shown
good performances as a peristalsis device in vitro.
The maximum contraction ratio of silicone pipe was
around 75% and the maximum inner pressure was
increased for 50 mmHg. But, farther investigation,
e.g. artificial occlusion, or biocompatible and flexible
esophageal pipe, should be needed for the
development of artificial esophagus device.

Introduction

About ten thousands of patients have been diseased
esophageal cancer in Japan. A surgical excision is the
most popular and reliable treatment for esophageal
carcinoma, because of excluding from the risk of
metastatic carcinoma to regiones cervicales or pectorals.
However, it causes a disadvantage, a rack of
spontaneous dysphagia as is not able to regenerate the
esophagus and surroundings including a mucosa'”®. To
solve that problem, we have developed an artificial
esophagus device to assist the swallow and to imitate a
physiological peristalsis. From engineering aspect,
development of peristaltic motion is very important for
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ingestion. So we focus on this event, basic properties
have been studied to evaluate its mechanical peristaltic
motion and artificial transportability. Furthermore, we
have developed an artificial esophagus with peristalsis
which could substitute for the resected esophagus to
support digestive system for human, and to prevent
thoracic choke.

Materials and Methods

Specially designed and manufactured shape memory
alloy(SMA), BioMetalHelix(BMX; Toki Corporation,
Tokyo, Japan) was used as an artificial muscle. On this
study, we selected and used BMXI150 which was
composed and made helicoidal coil by 150 um of wired
SMA(Fig.1). The mechanical characteristics are shown
in Table.1. The BMX produces by a far greater force
when it contracts, and a remarkablely long stroke,
100%-200% of the Iength of the contracted BMX.

0.5 mm-diam. lead
for mechanical pencils

BMX50
BMX75 -
BMX100
Fig.1
BMX150
Standard coil diameter (mm) 0.62
Wire diameter (imm) 0.15
Maximum force produced (gf) 20~40
Change in length (%) 200
Maximum elongation ratio (mm/s/m) 900
Standard drive current (mA) 200~300
Standard electric resistance (ohm/m) 400
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Durability (contraction times) I 1,000,000

Table.1

The systolic motion of BMX is a non-linear and
non-symmetric, and the working temperature of systolic
action depends on the load. Furthermore, the magnitude
of direct current input effects on the systolic force, the
higher current run out, the faster SMA heat, so it derive
high acceleration. To make sure the appropriate motion
for the peristaltic motion, various maintenance of the
value of current and the switching duty have been
studied. From these studies, we decided the test
condition(e.g. amplitude of current, current-on time,
intervals of sequencial SMA action) of following tests.

The artificial esophagus canal was substituted by
hand made silicone pipe by reason of its flexibility and
biocompatibility. At this study, silicone pipe (OD20mm,
ID19 mm) was used and wrapped round the half of pipe
with half-piped poly-ethylene terephthalate(PET, t=0.5)
body case. PET free side of combined silicone pipe was
round with BMX150 per half winding and fixed with
terminal on two point of PET symmetry. Two point of
terminal was set apart an electrode for electrical pole.
This half-piped SMA segment was prepared for multi-
stage segments. Schematic structure is shown in Fig.2.
The artificial peristaltic motion was made by multi-
staged SMA segments and sequencial power input
axially. The radial systolic force and sequencial time-
delayed control is transduced to imitate a physiological
peristaltic motion.

10 mm

Z0d Perstalels ) Ire

! WMemory Relay Switch & DC Supply l

AC Supply

Fig.2

To study the characteristics of this actuator, in
vitro peristaltic motion test was conducted on 2
dimensional(2-D) radiography, to estimate the
contraction ratio of this actuator without inner pressure
load. The test was conducted on cardiac catheter room
of clinical installation with an assist of technical
radiologist. The test condition was as follows; a)
observation was only one direction from the way that
place the edge of half-piped PET as a median line, to a
cast shadow on the half side was shown SMA behaviour
on the other half immovable PET. b) SMA was heated
at a current of 400 mA per segment, and 0.6 s intervals
of switching on, sequencially(Fig.3). ¢) the room
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temperature was set at 25 degree of Celcius. d) the
contraction of actuator was observed and recorded with
DV format(30 frame/s), and the variations on edge of
SMA were analyzed on each SMA segments and frames.

ot

10 19 mm

In the physiological aspect, the swallow is
triggered by something of ingestion from an epiglottis.
Afier that, the peristalsis of esophagus is derived by its
own muscle relaxation and contraction. But, the
peristalsis depend on not only motility of esophageal
muscle, but also pharyngoesophageal thrust force. So
we verify the inner pressure variation of this actuator
whether it could be permit the normal level of the
esophageal pressure, normally at a range of 10-30
mmHg™*. The experimental schema is shown in Fig.4 A
low compliance flexible tube (poly-urethane) was
inserted into the silicone pipe, and a pressure transducer
was also inserted inner side of the flexible tube with
clamped on the one edge. The inner side of flexible tube
was filled with saline, after that degassed to measure the
systolic pressure precisely. The actuator was driven at
several current setting, and the contraction interval of
each SMA segments was set on 0.6 s. A test interval
was set on 10 s to exclude the residual heat of the last
test. The trend data of inner pressure change was
amplified and recorded.

Fig.4

The most interesting point of view is whether the
peristalsis actuator could transport food, as a typical
motility of esophagus. To evaluate this factor, a swallow
characteristic was studied. The inside of silicone pipe
was filled with 20 mL of a nutrition supplement jerry as
a kind of a weaning food for patients. The test was
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evaluated for 3 times of peristaltic motion and measured
a total amount of the transported jerry and the residuals
inside of silicone pipe. The test conditions were the
same with above, 2D radiography observation.

Results

From 2D radiography  observation, the
contraction ratio of actuator was almost changed
between 80% to 100%, and the maximum contraction
was 73%. Typical results of one trial is shown in Fig.5.
These appearances showed on all tests.

1.2

0.8 N

0.6

Contraction Ratio (%)

0.2

- =8/ ---- 52 — 52 : 54 - 86

g 7 2 3 4 5 ) 7
Time (s)

Fig.5

The inner pressure variation tests were conducted
in several current conditions to observe typical resuits of
this actuator. Fig.6 shows the results of maximum
pressure at S00 mA of SMA heating. An arrow shows
the systolic timing of SMA. One of the most important
parameter of this actuator, the inner pressure of the
peristaltic silicone pipe, shows an interesting results.
The inner pressure was gradually increased with the
sequence and time-delay contractions of silicone pipe. It
derives the prevention of reflux from the start of
artificial peristalsis to 3" contraction.

7 -
6 - ‘
5 (\jf\f\\  timing of contraction
§ y IA — \
§ ’ (’ ~ \
8 2 T N
7 2
¥ 102 107 712
time (s)
Fig.6
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The food delivery tests conducted 10 times, and
the delivered and residual jerry was measured. The
mean amount of delivered jerry was 13.2 X£2.1 mL
(n=10). As far as the DV camera recording, no dynamic
reflux was shown in all of tests. And the residuals were
mainly remained through the whole area of the base on
the PET side.

Discussion

The results of 2D radiography means an
insufficient contraction of the silicone pipe, compared to
our design concept that estimate at a 50% of contraction
ratio. Such results was cause by that the silicone pipe
we used as a substitute of esphagus pipe doesn’t have
elasticity but flexibility, relatively. So its solid
characteristics behave as a resistance to systolic power
of SMA. A new development of artificial substitute has
a big problem, biocompatibility. These themes often has
an controversy, so we use the silicone because that has a
margin of safety on surgery or cardiology. So, the
mechanical improvement should be done to imitate the
human peristalsis with higher contraction ratio. On the
contrary, the typical results of inner pressure variation
shows the sufficient pressure amplitude compared to
human pharyngoesophageal pressure and a stable
esophageal pressure at the swallow. The maximum
systolic pressure was about 50 mmHg at the end point
of peristaltic duration. Furthermore, this study shows
the prevention of reflux because of the relation to the
time span of heating and cooling. From our preliminary
study, a time constant at heating and cooling was
studied using BMX150 at 40 degree of Celcius, based
on physiological environment. These studies showed the
short time of heating one. On the contrary, the cooling
one showed about twice as long as heating. These
results derived us a driving condition on this study. This
reflux-safe driving mode has much efficiency as a
artificial digestive system. This characteristic was
effected and confirmed on a swallow test using nutrition
supplement jerry. On observation of video frame of
such imitative swallow, dynamic reflux has none,
though it was only external view. On our next study,
another parameter, e.g. outside pressure, should be
detected to evaluate the effect of the reflux prevention.

In the whole aspects of this study, further
improvement of mechanisms of artificial peristalsis
should be considered including the field of
biomechanics or biomaterials.

Conclusions

About ten thousands of patients have been diseased
esophageal cancer in Japan. To save us from the high
invasion surgery, we have developed an artificial
esophagus device to assist the swallow and to imitate a
physiological peristalsis. The inner pressure variation
tests and the imitative swallow observation shows good
performance and its potential characteristics of
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peristaltic device, though the 2D radiographic variation
studies showed a [ow level of systolic ratio. It has smart
mechanisms for driving and a small structure, and
performed  good  characteristics compared to
physiological parameters of esophagus. From these
results, the peristaltic device using specialized SMA,
BMX150, showed the possibility of implant as an
artificial device.

References

[1]Jaffe, BM. (1997) ‘Surgery of the esophagus. In:
Gastroenterology and Hepatology vol. 5 (Orland,
R.C., ed., Current Medicine, INC., Philadelphia), pp.
TH1-11.22,

[2]Dimick, JB., Pronovost, PJ., Cowan, JA. et al
(2003) “Variation in postoperative complication rates
after high-risk surgery in the United States’ Surgery,
134, pp. 534-540.

[3IMcCoONNE FMS., GUFFIN TN., DANKO C., SHEY-
FENG KO A., (1992); ‘The effect of bolus flow on
vertical pharyngeal pressure measurement in the
pharyngoesophageal segment; Clinical significance’,
(J. Otolaryngo. Head Neck Surg., 106, pp. 169-174

[4]Kamberoglou DK, Zambeli EP, Triantafyllopoulos
PA, Margetis NG, Gavalakis NK, Tzias VD (2003):
‘Elevated intraesophageal pressure in patients with
achalasia: a common and important manometric
finding., Dig Dis Sci., 48:pp. 2242-6

— 151 —

PS1-06



ERETE
43 (4) : 653660, 2005

EDEMRBICE T SYFRBRRED/-H OZEEICET S
HERERR

LA == P SR v Y
ZHE BN A

PRI <
SRR OB AN g

w2 W HI
GRS T T

Fundamental Study on the Development of a Diagnostic System
for Left Ventricular Plastic Surgery of the Abscission Area
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Abstract Ventricular aneurysm is one of the complications that follow a myocardial infarction. Left ventricu-
lar (LV) plastic and reconstructive surgery, Dor procedure, is widely performed in order to improve patients’ car-
diac functions. However, it is anticipated that the abscission region of the ventricle might cause some
complications, such as mitral valve regurgitation. Therefore, the decision of what to be done with that area might
affect therapeutic consequences. In this study, the authors have developed a measurement system for surface
movement and a display system to demonstrate decreased LV systolic function during surgery. This system is ca-
pable of evaluating the cardiac function using displacement data obtained from superficial motion of the specific
regions. Prior to measurement, the reflective ball markers were sutured on the surface of the heart without any
complications or infarctions. The point of the markers indicated the anatomically specific points, such as apex, sep-
tum, mitral valve, and papillary muscles. The location of points was sequentially measured by an optical three-di-
mensional location sensor. The superficial area of the left ventricle from the left thoracotomy view was divided
into 12 triangular regions each composed of three markers. As the contraction of the regional area corresponds to
the cardiac systolic function, the changes in each area were examined. The contraction rate of the heart was su-
perimposed onto the video images of a natural heart, which were obtained simultaneously. An animal study was
performed to compare heart functions under a normal pulsating state and during the time of a myocardial
infarction. The physical data such as electrocardiogram, blood flow and pressure were simultaneously obtained
and compared using this approach. With the physical data, it was confirmed that strain change in the regional
area was coincident with a contraction of the actual heart. It was also found that this method is simple enough to
set up in the operation theater. In the near future, this method will contribute widely to the clinical diagnoses of
patients, when advanced surgery such as robot surgery and/or organ transplant become popular. e

Keywords: cardiac function, left ventricular surgery, myocardial infarction, surface measurement, regional strain.
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Fig. 1 Schematic diagram of the experimental setup.

— 183 —



REFRSESE (T

TSRS BT A IRIURS R A RN L 722, (GIBERE B
LEHHMEABET A OISR -2 EHL, LRI
BT, RERe - S ORBNEER 2 1ZRT.

Y, EABLELEREHBNERTLRIEFOMRE
ERFEEICLTHT (M2ERE). 2L T BELERRE
FWHOWBEICLAEZEFNOBICHW LN A BHHZEWN 2
FRICETE 300V HEIL. ELEOE IR
BIIREE (AO) 50K (Ap, Aa) ~OEMIIHL,
T A FEOERCIERIE LTB Y, Emo 1L
MizETX, AEH LN, BELANL, LERVANLVD S
LAy s s (82 SER) . Bl oM #n 2z EH
CESERAL R SOBBEFUT TH 5, KEMRIEH
1218 (AO), ELELVWMZ1E LA), f#iEfHhL <
(2284 (MVa, MVp), FLEMH L~V 3 5 (PMa, PMm,
PMp), BZE L ~ViZ 3 & (TCa, TCm, TCp), LRI
MIZ2H (Aa, Ap) DEF12HTH 5,

T/, SFEAPLENFIEED 3 HEHET, LEE
HEBFN2ZABOERTHE L. ZARENIC S
LR AR3 IR T. Z2THESIE I RTMEFMED
BrE L7

2:3 DHEREEOESDEH

SeArige (1004 L AUE, A LBEO R4 ERIIEIH
BB 2.08E 0o~ LABSORSETEINS.

2 (dA
RW:—uTh;ﬁz (1)
ZIT, RWERFREEETH Y, o 3IUEEOBIRRE,

f IR OB TR, TIEEMEIH ) OES, da/dt
EHARED Y ORMEROENETH .
WE, —LARCBYAEI THFEE-ETHELL,
T=T (2)
TERTZLE, R(DIER(3)DEHiTks.

RW=T-[" ( ﬁz (3)

£ oC, BATERORIGHEERIZRErRBORBMNENL
ZEMEL, —~LAMSORSMEICHIET 5.
PLEDOBERRZAFHEICAYS, R(3)IEBIT S da/de
WETERR 720 ORI BV 5 RETHERE R O BE
WAk THhBrETE, 2T, ERFHEBOKESIZL A
Bk T2, —OEPECBT 2 CRARRY
Y ORFEROBILEE S Z CcERITA L L . — 0
MBI RHEROEROTHMEE S L Ltk ., 52
BRIICEB T 2 BTEBOER L OF AS 11,

AS=8-8 (4)
LA, IRED, BHEKBBAKLBT2EEKOEA
(strain rate : & i3,

e=AS/S (5)
LB, BEICBIT A0 OIERE G IS E A OKESHE
ZREICALETHRE L—L0ARS b TR L,

— 154 —

TE LB O MR IE D720 OB E (855)

long axis

mitral valve level

tendinous chord level

2 LEEEHOY—-HEE
Fig. 2 Marker settings on the surface of the heart.

- PMa

M3 CEEROEMST

Fig. 3 Division proposed for the regional surface of the heart.

-

ds
=1, (6)
ELTEHRLA
2-4 EHER
AFECIIRERILE (X A, 51.8kg) 2 HTITo 7.
EBROBT 2R 417 Y. EFERREIK 2O E/ERE
BT L OBRE ORISR EES LI L, BBRL
Fz. OBEECHE L CRABRETORERLEIBY
T, ?&MTWTﬁ&@X%@%%T%ﬁLMﬁ%E%é
#, AL OREREEE O B SR 2 /& U7 [11].
7z, REMBRMT O/ mM$_£wf,@%ﬁ£Tam@



(656) ERETH 43%4% (2005412 A)

4 EEREEE
Fig. 4 Equipment layout in the animal study.

FEZACTALKOEMB 25 SRBI L, LBOIH
WRBHPEIELRETT - OB ET 72, 2B,
FEBIERRM TV, FRRTRE S RN R R T
v, ERGREANEES S UL, AR »»DbLE
PR, FULKREERERE 2 RTIER B L U E S0
RHWERGHEEZRBROGEERZ TV, RRBOD LM%
WCHEICH - TiThh.

3. ¥ e

31 BHLOMBORMNEL

DB EBNOEE OBHAZEICE L TR 5 IRT
T, AR EEoRwI Y P E—VEE (a), OBE
FEEREE (b)IC, SOILEMBNE (c)ITRT. L&
WLEREZRLTEY, TRRIEMIAOMEBELLEZRLT
W5, BHEEUTOEOOERI LI TRLE. K
LB (LA, AO), 8B (MVa, MVp), EEMED.LR
RREfTE (TCa, PMa), £ERBE OHIEE (TCm, PMm),
feE B (TCp, PMp), BX UL (Aa, Ap) TH A
IV PU—=VBICBNT, LEEIICBIEOY -2
K& CERTYS QRS EDSFHRATIND 25, L ERILEM
B E L TEY, EERPEH0Y XA EINT
WA EFDNIE., EHRMOMNBENIIOVWTAL L, L
ORI FRA» SLBEEICmP o TEELTED,
DIEORBMEERDOBEE D —H L Tn5.

GIREZERICB VT, LERLD, QRSEDOKE SN
B BoTnDBIERS, ELEOAMDMEEH, K
TREOCE T2 EARNS. iz, SRMEOMEEILIZD
WTHhBE, LREBOBEPET LTV 2008b»5.

LEMEBIFICBCT, LERLYD, #HBO) XA58EN
TWBDILPNDE. FBUOMEBEZILICOWTIE, 13TE
BHEALLNLZVOIH L, EOEEEDZIZOWTIAN
MBI EHHEAINE, 2D, EOEICIERNNE
PMEEL TR 00, ELETILOHIERBNL2HE
ERoTBY, LDEMBIEI o TnEI LIl Tw
HEWZLAD,

LB X b, AREHMECI OEERE OB O % [ R
FHTTRETH Y, FOERICIE, AHENLIEELOBE
A LTz,

3.2 L RFEEEODE VS IO

HAREE S 0 OB EAOBMMNELER 6 2R T,
ZIT, AR EBORVwI Y bu— VEEE (a), O
EEREES (DRI, 22T, O 5@ 3 D
B LTWa,

8 B & el L C, O SEMER B I AR SR AL
WA HOREIZ AT TOMMEPI L L T b, BT
I CIAB A USRI R AT IR O E R AR O K
FZHB T EBHLENE. ZOZE»SIUERICEITS
BEIOBREZFR—HIRI o TWEZ W bhs.

3:3 BRI E 2 0RIRREDER

— LR OLHOIUEREY ¥ 7 A iR HICER L
HBRERER7TIORYT. 22T, LHoBxedE2EXTER
ERTOBEAE b D, EOBEEE CIIIERENSV O
L, BELAVDLSLRL AT TR AR T
LCwvb., TUERREOET SR ER A & — 8 LT
B, KFEICL VEERM OSSO HEEMNICEFET RS

otz
4. & =3

AFFOEENZEREEE LT, CERROEIESR
EHLEOLEERR B R URBRORELZETLH Y
AFAEFEZ 0D, EEBEBOBITIC BV T, #iF
AOEFRE O EARN 2 UDBRERAL & 8 H K W IR % o FH
FeF e —HETEIENEETH L. LETRFR I
AT L - TECLOMBNTIZLAERWT &
wEZBHL, OBBERECERART - A RETEL I,
PRFEORN AL 5.

LA L2 s, EEREOREENLEETIE L T
PREVIEE, 728 ZISHEFTAEGBRRIED L O3h
FRBEE VI OBEMATHEEORETH S L Vs e
Wi, Wb A.080E L B2 LEREOIEELL O
HEE THFHICRTILEESTE R, AR EREHA
HerbbEzons.

— 155 —



HERREFE I | EDETBRM OWRBIRE D 2D OBENE (657)
2 2 2
S S s
& E E
E g | Ny PPNy Y
e 0 = o Wm o 0
2 2 3
\ 3 % pe
- = 65 T 63 e e
5 E’, AO E ..... Qo Aém 3
g 641.. g 64 ™ .n”v."{./,u."").“‘.....:'.“'." 8 62 (AN ANUUN., RO N | S o
4 63 £ 63 5 61
B &4 = T - T ¢a 7 64
= R _ - g e e
88’ MVa\ MVp % \M‘Vp 3 62 AN MVp
g €2 B e et i) g 62 MVa . o 60 - o~ MVa i
7] 4 N e Rl i W R
5 60 Z 60 °
EO T T ., 7 6 PMa E
R I R NI B - p )
g 61 8 61 [ e 8 6 TCa /PMa
=
< 60 S 60 a B
Chal PMmy g PMm E
5 P R 3 63 A e
Ee3fl W W s T ; :
% ®TCm 2 \T Cin g
K 3 62 g@
g62 g C ) ° TCp
5 TCp 861} . WA 8 o
@ 61 A A . - . 3 L ";;'\_;,-*}.\"Ww‘ Py RN ) = 601 ,
g /w/wﬁmﬂmﬂu gm/Nm’w{ﬁrﬂm g R Y S
Z60 5 £ 59
Ze4 . 64 “ 64
E Ap E Ap 6 Ap
< /\/(Jﬂvﬂun = z < s
g 62 Aa g 62— Y g 62
ENANANAN E i ] 5 LN
2 2 g0 2
SO0 050 100 150 200 _ -0 050 100 125 200 - ©0 050 100 150 2.00
Time (s) Time (s) Time (s)
{a) (b) (¢)
X5 2R EICBIT BB ORMBZEL

(a) EFHBE, (b) CHEER,

(c) LEHITE.

Fig. 5 Sequential changes in specific local points.
(a) Normal pulsatile, { b) Infarction, ( ¢) Ventricular fibrillation.

AFEOHEAS COAMNZHEL LTIEUTD 3D
BEZTVD.
(i) DEO—HZURTIEONEN LR FEICLE-T
DR BEOTE © B 5 B ORI OWE

(i) #raT oMol 0 B X 2B T4

25 %5

(i) 795 AR ETAM O T3

(1) TRBXOEE, BELEENICHNL TRROE
AR EORBE -BTLLIBRTHI LD, (i) T
O BIRFEMER L OBERELEETZ LI LY, &5
2 (i) TRERMF—-sEoL, AR OERRICK
AENBEROBIROBZLEZFHFMT 2 L5k 5.
AL TR KOV TERNICHERTER (i), (i)
WCOWTRESHOMFEFEL 5.
AEETIROEERLZ A7 LA A AT TERITAZ L
I SREMEBITADEHZT 72, 2T, FHs%
EBTALDIER LY —AIZonWT, < —H DL
BEEBELTELZ LA wE S, v —AEE~Y—ID
EEO2HIVOREL D ISICHE L. LEEERK
BT ES & 2 A0EH 3 om MAFOBYRERETH

5. LEEREHIcm OBBE OO ABEE TOET
HLE, v—AOEFEE 6mm &THIE, BRI ETOE
IO~ — D BERIIBWTS Moz ERs R T,
LBORFTIGHERFMT 2 ke LT, fucd, B
ERAPBVWTEEH2HET L L TERBNICTMET 2R
IAH BH[11,12]. WHEE T ) AT N2 — X m L EHE
WCHOIAAREIT 2 HEEHEL, TOMOMBERLEHBT S
ZE TR OEABEEZEFNT S, BHSERHO< —
HHNCH B0, EERUOFHPTRTH Y, $72
FEOB % T LHPEROFH L URETH 5,

LALads, EEO0OREFEBLTBEE VRS
VERWLZHEROCBCEEY -2 RB 35 LEMWD
D, BESEIZT TR LEOBXICLEELS5ZS
2EMPSFOT FTCRBEAOBHEVFHE LY., BRIZBY
THEHNRICEEMN L e R EMTEL I ENZET L
Ve, B AR R LS e R B AR I O F R ORE DS
Kdohb.

HF5IIHE, EEAEOENTEAL, BEREHE
L2 AF LA RHIC DWW THRET R TH S, LROBA, &
BROFT & Voo T HEH N SRR TE D O

— 156 —



