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Abstract

The authors have been developing a newly-designed totally-implantable myocardial assist
system, which is attached onto the ventricular wall and is also capable of supporting the
natural ventricular contraction. This system consists of an mechanical actuator and a
contraction assistive device, which is made of polyurethane and covered by the acrylic casing.
The weight of the actuator is 550g, and the shape of it (W: 70mm, H: 59mm, L: 110mm) was
designed to be installed into the intercostal space in the thoracic cavity. Its functional
requirements are not only to be totally implantable but also to be able to assist the diseased
heart function effectively according to the physiological demand. In this study, the totally-
implantable electrohydraulic myocardial assist device was installed into the intercostals space
of goats, and the preliminary hemodynamic performance of the device was examined. And the
effects of the synchronous mechanical contraction generated by the electrohydraulic actuator
on the cardiovascular function was also evaluated. '

1. Introduction

Recently, the heart disease has been the second cause of death in Japan that follows malignant
tumours. And it is anticipated that ap increase in the number of death by the cardiac failure
might become-a serious problem aiming at the super-aging society.

Artificial organs such as ventricular assist systems or blood pumps are generally and
successively applied in the treatment of severe heart failure. However, the artificial materials
might cause hemolysis or thrombus formation on the blood contacting surface.

The authors have been developing a miniature artificial myocardial assist device (so called
‘artificial myocardium”), which is capable of supporting the cardiac contractile function from
outside the ventricular wall. The methodologies of the direct ventricular support systems were
already reported as direct mechanical ventricular assistance (DVMA) by Anstadt’s or other

119



groups, as well as the right ventricular assist device which was invented and reported at IDAC,
Tohoku University [1-8].

The purpose of this study was to develop a totally-implantable electrohydraulic myocardial
assist system, and the design image was shown in Figure 1{9]. The diaphragm assisting
ventricular motion is driven by an electrohydraulic actuator, which is controlled by an
embedded system. The transcutaneous electric transfer system, which has been developed at
Tohoku University, can be applied for the system, and used to transmit the information of the
systemn parameters not only of the mechanical system, but also of natural cardiovascular
systems.

In this study, the development of a totally-implantable myocardial assist device could be
achieved and we examined the hemodynamic performance of the device, and evaluated the
effect of the motion of the system on cardiac functions in goats.

Control)er !
Hafteries

Fig. 1. Schematic illustration of an image of the electrohydraulic myocardial assist system.

The portion of the driver will be installed into the intercostal space

2. Materials and Methods

2.1.  Mechanical myocardial assist system

The newly-developed electrohydraulic myocardial assist system consisted of the following
mechanical components: a) a fluid-filled chamber; a fluid-filled polyurethane diaphragm with
disc shaped acrylic casing (D:52 mm x H:14 mm), in which the amount of change in the
internal volume is 50 mL, and b) an originally-designed electrohydraulic cylindrical actuator,
which was controlled by an originally-designed micro-computer. The fluid-filled chamber,
which was shown in Figure 2, was fixed to the heart by a fibreglass belt as shown in Figure 3.
And its mechanical contraction was synchronized with the ECG.

Several prototype models were developed in order to be installed into the intercostal space
while the feasible performance could be demonstrated The actuator was covered by the acrylic
casing, and the size was W: 70mm, H: 59mm, L: 110mm, which was designed to be fit the
curvature of costae. The weight of it was 550g. In this study, the embedded controllers or
TETS were set up outside of the body and connected to the actuator transcutaneously.
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Fig. 2. Discomposed illustration of the contractile motion of the device, which was to be
attached onto the ventricular wall

Polyurethane diap
wih acrylic caemg

Fig. 3. Device attached onto the ventricle (left) and a schematic drawing of it joined with a
fibreglass belt (right)

ECG(R)
Natural Heart

; (T Mecharicat Assisi rrerrend

B T T Y e

{gelay < 10mssc)
Fig. 4. Schematic chart of an example of the systolic contraction by the mechanical

myocardial assist device. It was concluded that it is necessary to complete the

mechanical contraction by the end of natural ventricular systolic duration, so as not to
disturb the natural cardiac functions
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The contractile duration was set at 120-150 msec so as not to disrupt the natural cardiac
diastolic function, and the actual time delay from the input of ‘R’ pulse of the ECG signal to
the effective contractile motion generated by the actuator was around 50 msec in that
contraction. Figure 4 shows the schematic drawing of the mechanism and the illustration of
the control diagram of the device.

2.2, Hemodvynamic performance in goat

Prior to the measurement, the myocardial assist device was installed in the thoracic cavity and
anchored on the surface of the heart by a belt under general anesthetising procedure. The
hemodynamic waveforms were obtained from healthy goats. Pulmonary and aortic blood
pressures were measured by pressure sensors and amplified with a polygraph (Fukuda Denshi,
CM-5001), and aortic pressure was also monitored by using the catheter-tip transducer
(Millar, SPC-464D). Myocardial perfusion was obtained by the laser-doppler flowmeter
(Omegaflow, FLO-C1BV), and cardiac output was also measured at the main trunk of the
pulmonary artery by an ultrasonic flowmeter (Transonic Systems, TS420). Each data was
digitally recorded with a data recorder (TEAC, LX-10) by the sampling frequency of 1.5kHz.
All the animal experiments related to this study were performed under the consent of the
ethical review boards on animal experiment of the Department of Medicine, Tohoku
University, and also of the Institute of Development, Aging and Cancer, Tohoku University,
2002-2005.

3. Results and Discussion

-y

3.1. Mechanical design of the mvocardial assist actuator

Figure 5 and 6 shows the prototype model of the electrohydraulic myocardial assist system,
which was to be installed into intercostal space. For the installation of the former model
(Figure 3, type No.2), it was necessary to remove the fourth and fifth and a part of sixth costae
to make enough room to be fitted in the thoracic cavity, but any complications which might
have been caused by the operation were not confirmed in goats.

The revised model, which was optimised for the thoracic cavity, was also developed as shown
in Figure 6, and consequently the procedure of closing chest found to become much easier,

Fig. 5. Schematic illustration of the prototype model (No.2) of the totally-implantable
electromyocardial assist system (left). The originally-developed linear actuator was
covered by the acrylic casing (centre), and the hydraulic port was connected to the
device which was attached onto the ventricle (right)
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Hemodynamic examination in goat
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tance was made by the actuator synchronously with natural heart once against every two
of systolic contraction. The period of the assistance duration was set to around two hours

a day, and the hemodynamic effects were obtained as shown in Figure 7. Then it was
indicated that the increase of aortic pressure as well as the cardiac output could be achieved by
the mechanical assistance by using this system.

Fig. 6. Revised model (No.3) which was to be easier to be installed into 4-5 intercostal space,
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Fig. 7. Changes in hemodynamic waveforms obtained from a goat under standing condition.

‘control’ indicated the insensitive condition of the actuator (left). Red arrows pointed
out the ‘assistance’ by the electrohydraulic device (right). *AcP': aortic pressure,
‘PAF’: pulmonary arterial flow, and ‘MF’: myocardial perfusion obtained by the laser-
doppler flowmeter which was attached on the left ventricular wall inside the fibreglass
belt



However, different effects were caused by the portion of ventricle where the device was
installed in. Therefore, it was suggested that the optimized installation of the device might
improve the mortality of the patient, though it was pointed out that there might be some
problems in long-term use of the reconstructive surgery by using artificial devices for the
treatment of congestive heart failure [10]. Also the trade-off between the damage on the
myocardial tissue and the strength of mechanical assistance should be examined further. And
as the heart rate might have been decreased during the assistance from the outside, further
investigation should be carried out from the physiological point of view focusing on the
influence on autonomic narvous systems.

It is also necessary to optimise the driving efficiency on the electrohydraulic systems, because
the efficiency in the transcutaneous energy transmission system will become important, too,
when it is employed.

4, Conclusion

Newly-designed myocardial assist system was developed, which was capable to be installed
into the intercostal space. It was easy to attach the device onto the ventricular wall and to fix
the electrohydraulic actuator into the thoracic cavity. And also preliminary examination of the
performance of the device was conducted in goat experiments. The elevation of the cardiac
functions followed the changes in vascular hemodynamics were investigated by the
mechanical assist. Then it was confirmed that the newly-developed artificial myocardium
might be useful and effective to improve and support the ventricular sysiolic function. As our
system could assist natural ventricular functions with physiological demand, it might be
applied in patients with exertional heart siroke, as well as the cardiac massage at lifesaving
emergency for the recovery from ventricular fibrillation.
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Abstract

There are two types of coronary artery bypass grafting (CABG) anastomosis methods:
end-to-side anastomosis (ESAs) and side-tc-side anastomosis (SSAs). The selection of these
methods is determined by surgeons’ favor because of no experimental information to select
them. The ultimate purpose of this study is to provide new information with surgeons to
select anastomosis methods through both in-vivo and in-vitro tests on ESAs. The in-vivo tests
have been performed in pigs and energy loss at anstomosis was calculated and compared the
value between ESAs with SSAs. The in-vitro tests have been conducted in the
newly-developed system to evaluate CABG anastomosis methods. This system is composed
of the mock circulatory system and the coronary simulator, which has been originally
designed to reproduce various types of coronary hemodynamics. Both in- vivo and in-vitro
tests resulted in the same tendency of energy loss: SSAs had lower energy loss than ESAs
under the particular conditions. These were caused by a difference in local flow at the
anastomosis between ESAs and SSAs. Consequently, it is suggested that SSAs is a more
favorable anastomosis method than ESAs.

1. Introduction
Coronary artery bypass grafiing (CABG) is widely employed as one of the effective

treatments for ischemic heart diseases. They generally bring favorable outcome to the patients,
even though the restenosis and reocclusions sometimes occur due to graft failures.
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(a) ESAs (b) SSAs

Fig.l. Schematic drawings of two types of anastomosis methods for coronary artery
bypass grafting.

At present, there are two types of the anastomosis methods: end-to-side anastomosis (ESAs)
and side-to-side anastomosis (SSAs) as shown in Fig.l. Though ESAs methods are
conventionally used in Japan, their configurations have a tendency to deform in the narrow
space of thoracic cavity. On the other hand, SSAs methods’ configurations are more stable
because the grafts are anastomosed parallel to the native coronary artery. As there is no
experimental and no theoretical information to select them, anastomosis method is chosen
by surgeons’ favor. In this study, the in-vivo and in-vitro tests have been conducted on ESAs
and 8SAs to make clear the effectiveness of two anastomosis methods. The ultimate purpose
is to provide new information with surgeons to decide the anastomosis methods, considering
individual difference of the patients condition.

2. Materials and Methods

2.1, In-vivo test methods

Pigs with a weight between 40 and 50kg were served for the acute experiments. Coronary
artery bypass grafting surgeries were performed using mammary arteries as grafts. Right and
left internal mammary arteries were anastomosed to the right coronary artery to compare
ESAs with SSAs under the same condition as shown in Fig.2. Pressure and flow rate were
measured at inlet and outlet anastomosis and energy loss was calculated by equation (1), using
the following parameters: pressure gradient AP and flow rate Q.

Ejoss = AP x Qdt 6]

A dog was served for making silicone anastomosis molds to determine configurations of each
anastomosis method. Coronary artery bypass grafting was performed as mentioned above.
After sacrificed, silicone (TSE352, GE Toshiba silicone) was injected to coronary artery under
the 100mmHg pressure condition. The silicone-injected coronary artery was submerged in
aqueous sodium hydroxide at appropriate concentration to remove the whole fissue.
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Pigs: 40, 50kg

Fig.2. Schematic drawing of the coronary artery bypass grafting method for the acute
animal experiments. RIMA and LIMA were anastomosed to coronary artery, indicated
as ESAs and SSAs. Right and left internal mammary arteries

(3]
NJ

2. In-vitro test methods

The new evaluation system has been developed for investigate ESAs and SSAs as shown in
Fig.3. It is composed of the original mock circulatory system and the newly-developed
coronary simulator. The coronary simulaior, driven by linear actuator composed of stepping
motor, has been designed to reproduce natural coronary hemodynamics. For investigating
anastomosis methods, CABG anastomosis models were aligned between the mock circulatory
system and the coronary simulator. Pressure and flow rate were measured at the inlet and

outlet models and energy loss was calculated by equation (1).

Mock circuratory system Coronary simulator

Linear sctuator

Resistance

Spiral voltex pump “f

Resifsmnc;: oE

Anastomosis silicone models

Fig.3. The newly-developed mock circulatory system to evaluate anastomosis methods of
CABG
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The in-vitro tests using this system were conducted under the following conditions: aortic
pressure of 90/50mmHg (Hypotension), 120/80mmHg (Normotension) and 160/120mmHg
(Hypertension), while coronary flow of 50 mL/min and 30mL/min. By using this system, flow
visualization tests were conducted using particle tracer method. Commercial software Dipp9$

(Direct) was used for the flow analysis.
3. Results and discussion

3.1, In-vivo test results

The acute animal experiments resulted in a difference in energy loss between ESAs and SSAs
as summarized in Fig.4. The energy loss for SSAs was lower than that for ESAs by 25% and

48% under the normotensive and hypotensive conditions, respectively.

g E
2 7
= =2
B >
20 28
ot b
5 ]
= =
= s
ESAs SSAs ESAs SSAs
(2) Normotension ( AoP:100mmHg ) * {b) Hvpotension ( AoP:60mmHg )

Fig.4. Energy loss for ESAs and SSAs at the acute animal experiments under
following two conditions: aortic pressure (AoP) is around 100 and 60 mmHg

Fig.5. Silicone molds of two types of CABG anastomosis methods. The narrow

configuration at ESAs is indicated as a white arrow



By making silicone molds of the real anastomosis shown in Fig.5, it was confirmed that
configurations of molds were anatomically similar to those of silicone models used for
in-vitro tests. Moreover, orifice areas of the configurations were calculated as summarized in
Table 1. These comparative data suggested that resistance of SSAs was lower than that for
ESAs under the same conditions

Table 1. Anastomosis areas of ESAs and SSAs

- Anastomosis Anastomosis
method - Area mm
ESAs 1.49
SSAs 2.04

3.2. In-vitro test results

Typical waveforms of natural coronary artery and simulator were shown in Fig 6.

It was confirmed that flow waveforms reproduced by coronary simulator were similar to those
in natural coronary artery under the standard condition (normotension with high flow) .

The only two tests exhibited a difference in energy loss between ESAs and SSAs as
summarized in Fig.7. The energy loss for SSAs was lower than that for ESAs by 18% and
24% under the normotention with high flow and hypotension with low flow, respectively.
Flow visualization tests under the two conditions indicated a difference in local flow between
ESAs and SSAs. There were strong collisions to coronary wall due to the narrow
configuration at ESAs indicated in Fig.8. Moreover, the flow velocity at ESAs increased after
passing through the anastomosis as summarized in Table 2 and 3. These were consistent with
higher energy loss for ESAs under the two conditions.
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(a) Natural coronary artery {(b) Coronary simulator

Fig.6. Flow waveforms in natural coronary artery and coronary simulator
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Fig.7. Energy loss for ESAs and SSAs at mock in-vitro tests under the two conditions

ESAs SSAs

(a) Normotension with high flow

{b) Hypotension with low flow

Fig.8. Flow visualization test results under the two conditions. The strong flow
collision at coronary wall 1s indicated as the white arrow heads

Table 2. Changes in velocity at normotension with high flow

ESAs SSAs
Inlet velocity (mm/s) 139 239
Outlet velocity (mmnv/s) 172 118
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Table.3. Changes in velocity at hypotension with low flow

ESAs SSAs
Inlet velocity (mm/s) 631 296
Outlet velocity (mam/s) 666 188

4, Conclusion

Throughout both experiments of in vitro and in vivo, it was found that SSAs had lower
energy loss than ESAs. This was mainly caused by a difference in local flow due to a change
of anastomosis configurations when they swelled under the arterial pressure. Therefore,
considering the local flow influenced by the anastomosis configuration, it is suggested to
select SSAs rather than ESAs for a favorable anastomosis method of CABG.

Acknowledgements

This research was supported by the program for promotion of Fundamental Studies in Health
Sciences of the Organization for Pharmaceuticals and Medical Devices Agency. (ID: 02-01).
Also, supported by "Frontier Advanced Research Fund for private university (No.2001-F1)
from the Ministry of Education, Culture, Sports, Science and Technology

References
1. J.Kawai, J.Suehiro, M.Umezu, et al.. /n virro characteristic of coronary arterial

anastomosis methods, Proc. of 3rd Japan-Australia Cardiovascular Bioengineering
Symposium: 34/35, 2001

86



DHEEHE-KI<EERIOERM N — HER
UA—=ADYHAXAD—X

<HEHXNiHP N

i SR B

IRENea!

_92._



&

P

E 3

AR L) [ HBEUH DAL ] VD ORNSPEE OSSO R OWVES
26 0 © Ml D LR R OV S '

I
25

FERSEN::?
FRLU A ANND N HEHEH LA VN RESHNUHE #HE MIPEENRE e

HANN NS H NN N UBRESW St @2 0w H AN RUWIOET Q491

st

< HEE ) R A CEE R P WD 040° BHEEKN SKIMBHO UL KRN KE K
HEBERNDIMH O WIS h— I [IERC A b0 RESSOL
NSRERUE WAL 2 ORI &) VINRIERARS WO UNIERES AL EN

< HAOERE NI O S ROEC R RERND S 042°

WR4&O | RYREUKEOHFEEIRIEED N r —ERECEMS LR KENITwH W
WHOEBEREVE<HIE #UERIECERRER LSLODU<HES<HELN 20800<
HiEEss Q#MEEEERPE I mOL° AN —TNOHKEEREHKE wOREKINE ER
<HOZEDHEEVRLVETOSH O S IERENE 0 WY S euiiui i SHE<HJE
HREVEHOSW IRe VR’



<O&£@&%&@d@&£@§@uétw’&~xAm:%-Alu~eymmeyx4£
B M S O SREN 0N A LAWY KR~ £ Dy — K4 INa b < H O8N g7 4
N ORY D " — RSN D460 4°

WEROT HHEEAKHUR O ON <HEH QEERN0QUE S0P IREUE R >
A THANN NN (HKEK) A S0 RERUPERNEK OV 23 WO IOWEA 205
7] SR D00 N TN SO DD QR R AR S S D SR S
DI HRARIE O\ S Hh 4’

PE T<HERVHR R R0 ] VIR YERR LD U 4550 0 A Sisue ) I
SO HERR VA0 S R/IMAER" S5 ipadsl s )0 T WK | RS MERIE 50 A
DO LT D YK 0 QRS L R DN | 20 R ENIE N T A S AU
L ORI S R L A0 1~ 940 & QAR 000 1 AR O Y S0 AUE S A AU 1 Jh0
%’M%%%@%@ﬂ%m&w;mw’M%%%w%@gﬁﬁﬂw’®v@%@ﬁ’m%w:w@
PR SRR E VLY NGV AR S0 0 JVRR S QWIS L LB S 4

Q0T <HEHCHEE BHIER W INWEN S U BT QI A NS00 00K
ESIZERORE NV KRVHINST | AORMEVEEROE SOEIPORy QILEAE
VIHEM LW QWL L RAEI S

| OKIE ORIV EHEEA)RYERIA S0 AV EHEHE Q 0 R & £ O TR A0 VB S
A AR BRI EOO A S0 0 A LS DA ALY A D W R TR OV R0 A S
LE RO BB ORBKES N RHERREL | BEUWAN OV BHIROE
S <SHERR K XEYS WY S v AJBI S #64°

WoRrE. <HEHCHIMWKITLEE MW SRR HKERL < HEHE ) 460 SO0
AVRO SR NI WY SHSE SEEEE S S B S w08 WRMIWRERO A<H Y
SEHRHLY EHO<LHEHRCHBORE SOV O H VR IHER VIS S AR A D 4°
WRANEHE LY ERE<HERNE O WVHITU QW S007 w6 T D ) S R R0 SRR W
SHE N QR OVINLE | HORY 41K KRORU<HEHE RGO AR AN QO SR v 1
JERE R R N IR U A0 QW S £ RAVED P KRV A

B KPP BHWEONEDY KiFQ#HE#HE <K UR P CRENVIER S HER P 0HUS
RS PRI D4 D < HEEHE O HEH ISV IK SEE I ER Q@i — M LER OV Kb
B RERZEEUSCHIVRRAIVAOH R <HERCOERERVLI 0O | BORY BN
WEROW QIO UBMARW S 0WRL I OM 0K D&Y JRUEHESR IO N
RERUHETTOW BIH - W REOOSRO S L0 RERCERVEE OV 200 KNEE
¥ A SIS R QS O YUV YOCIRER NV BOCH AT DR D WY S QRN

i

i



DWW BRSO U SRERURDOWVIE OV S0 RS AP BB OW I U
D OAJE S 64

MM SR QEEEN A v O REC LI VB S w6 HEEC<HERNES DY W
ST O W IO 0 OF R Y HEHENY N2 =@ ) TORRERUOH DL KK — R
<HE&E <HEf I 0ERES<HERUER O OH OV EHEOVIRROIWEVAISNQREKR
| KL RO ¥

HOmE v ARU T — N OV O<HEHR ROV WOBHKVURE WOWIERKNO
LSRN SOERCIRENE DY OL°

| B M) SO SERIBIKERV I VERLSURR HEKRWE ¢ WU xRH NN
REH S LW DR Ny SR EE LV RIEA IR WOEERNO 0B
LSRR RAERT MO SORGEBHEVE VU e R NS00 0 UBEVSOARIRDH S
KEHOBEOWVY I LUDRO VRS S SHVB L i’

WA NmeEFHFE I IVYE <HEHRNHE O WIO 0 D% Ry SRAVBRRBR AP
A RY =) TR A O WA U AP T N R T B QIR BN 1)
SREAOEIY | HORU N AU A NYREL OO L7 WU I LR O R
O LA BOoOL 20 0Nm-EUE S WO 0 AUR YN YENQEOA vt AR A S0

VAP QK QEEEN S O WY D0 SR YA RY T RS SUOUW SR DNONHAE
W0 0 2 SaEEEN 02 1D O TN K O 4 S VB S 6

S0 SN U — QR OO < HESBIHTER RGNV RS D1 RIZUEKR
1 (HRE KA KRS - T8 VT <HESREMIEEVRWOH O LELKERY (ke
HIMERIROE) WSRO #6.0< H S i QBT 1 IRV A0 S D L IR HAR
(B EQIER - T UH DRESKEP W S L0 D4 11 LB B E DTN
B 407 — K — RUBOHO MY TN B — R R0 0 460 1 B SRR
ﬁ’MEP@@@%%“M&’Y~NX—R@%ﬁﬁ%wmswvwmswgﬁﬁ%wW$ﬂ(W
ﬁH%K%%%)ﬁ'(*kHN%HNWQQD'MEp@QQM%@P'U@ﬁ@ﬁ&ﬂ<®m
L PISER S OV S A 0400 1R 481 <Rl B O -HT

QR MEOY < HEHCHENOHOENEW TN R H NN N UH0EROIR YL
WU | <UPRN SR Y =< HE ) 0O QIR B S LD R LR

Lo

"U\
HOOHE<m

v



#

3 A I m

(32}

~
Ll
(-

< H &8 @

DHEAOEIWS BN MR LHOED” w8 T QY K08 ¢ A\ RN g O KR
W A4 D QR E YA O EWOLE ISP R<HEm U3 TS SIS 4
L2500 4o’ S0 S0 IRE ORIV DO 2 W S g

FRBERKURE S O LE ST ERMNOERSOHRM UL WV <HEmCERRERDV
BPORHONER RES<HERHBEHOR L M LUOR ORI D WLROW
4o WRET SR IR BE I U H S QI RESHR UMY OV RO SIRELER
PERMSE O U< HEInGRHI oW S e’

R O<HERY RoHNAUARNEZVOLERHCHP OV DREEVSEEERK I HRE
QLW 5364 ERHEEVEELS N AN 1 ey NEEHY HEUERORW < E vy
BT | REHSUEEKEECEEEERNULOMIVRRORVY S ue” <H iy
B0 SR N QIR L 1 SR IR S O W EI R AV SRR KE SR BRI S
PP ER EnCRHERHK VS O WERREQ UV VR LUERS <HERZEVYIW
S Splad VL 0E 000 S B EIE WY L K QR FRRIEK £ D6

¥4 SinmE QEFEL SV B QIR Y < HRME R A 0 IR R ¢
SRENEEODeE< I <HEGREN I VEIRHP TEE POV R0 mme
MARYE Z<HERTE hHER<SLHESREL - U S0 EHRN R SO R E L <
HERE LS &P 0w’

EHRNQILBURRRER OV VL0 0 RS A HOEM a0 O 8 g mu
) P°

IERHSNON Y —2)

R @R R DO S o i k(M) °

MR E T D18 D <HERBEHE LR ON v ARY A —wlb O Uil Hvw < SRIGH® ILH
R EOME EHC EEISHIE H AW IEN 0 R 4R BERHREHW R LRSS L R winwiBwBiES
EERIRIR D M v S BB n JWEHRHO A YIRA L0 O 2 RE< H i R wHEH K I+
N D — SRR IKEWIR O 500 rage

EREEROSHNE
—RiGH () ILEGER—

LEBOLETNONY —=2

B EREEYHER | SR<ES | 1D DiPSERIOKWIREF IR D SEBQE
BLIBIQR SRy CREEWROIER R RgRe

HEHKEEVONE L THIcCHIIERIY CNEEY W% O < HE IR OBk MmThE Wi b 4°
BEHBHERRL T Y NS A~ BWECH R RIFEEOIRE 0 S IEAHRR S
OSSP

HOON Iy NGB rf—°

100

101



