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H8/337

CPU
RAM PROM
[RECEIVER Sio TIMER

CLOCK
I D
Sensor = A/D CONV. 153.6KHz
D/A CONV.
Pacing
electrode DC-DC CONV.

|
I
Skeletal muscle | BATTERY
stimulation 3.6V
electrode |
X )

FE1R HEAABERGHBEED T 0y 2517774
Fig.1 Block diagram of implantable skeletal muscle stimulator

BIR FUrIANRTA=F
Table 1 Program parameters

Cardiac channel :

—Lower rate 10-150 bpm

—Rapid pacing rate 250-340 bpm

— Sensitivity 1-20 mV

—Pulse amplitude 0-10V

—Refractory period 100-800 ms

—Pulse width 0.8 ms
Synchronization :

—Ratio 1:1-971

—Delay 13300 ms B2 AR R 5 BEERR R A L
Muscle channel : Fig.2 Electronic circuit and resonant coil in the stimu-

—Pulse amplitude 0-10V lator

—Frequency 10-50 Hz

—Number of interpulses 1-10

—Pulse width 0.2 ms
Automatic control channel : vee

—Condition programable "
Mode : e

1. Synchronization mode L %i

2. Automatic control mode

3. Rapid Pacing mode

5. Brogam mode o

B BT A MBEN 2ER T 5700, HIREEET
REFRAT 2, £3@r0 s 7 A EEAENTHOT
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K
RxD
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L1:#&aA N, ClL: AIEFES A4 — T,
SW1:7+ursafvs, TxD: ¥ )7 LEE
HIBIHF, RxD: ¥ Y 7 VREANRT

Fig.3 Block diagram of the inside communication

' circuit
L1: Resonant coil, C1: Variable capacitance
diode, SW 1: Analog switch, TxD : Serial tran-
smitting terminal in the micro-computer, RxD:
Serial receiving terminal in the micro-computer
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c2 — Buffer Amp
L2
Demodulator

¥
PC-RxD

a) Receiver

L [Amp . Osc
L3 ¥
PC-TxD

b) Transmitter
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AFIiF, PC-TxD:PC D ¥ Y 7 IVik{E A5
_?

Fig.4 Block diagram of the outside communication
circuit
L 2: Receiving coil, C2: Variable condenser,
L 3: Transmitting coil, PC-RxD: Serial receiv-
ing terminal in the PC, PC-TxD: Serial trans-
mitting terminal in the PC
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Fig.5 Experimental system configuration

Latissmus
dorsi flap

Arcus aortae
V.cava
superior

dextrum

Ventriculus
sinister

Acceleration
Ventriculus Sensor
dexter

6 IEEX YOI ITLE

Fig. 6 Position of the acceleration sensor
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Vn<Vn-1 [Sync.Ratio:Up]
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Fig.7 State transition diagram®
Vn: Peak value of the impulse response from
the acceleration sonsor
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Fig. 10 ' ECG, aortic pressure and acceleration sensor waves at 16 m 51 s after

the experiment start
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Fig. 11 Experimental results for state transitions in the stimulator
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Development of the Skeletal Muscle Stimulator with Resonant Type Transmission Function®

Eiichi SATO,** Hideo MAKINO,*** Hideo KURODA,t
Masanori SHINOHARA," Tamaki TAKANO,T Kuniyoshi WATANABE,
Yukio FUKAYA,™ Jun AMANO, Yoshinori MITAMURAT

In order to investigate the technique of cardiac assistance using skeletal muscle (Cardiomyoplasty) we are
developing an implantable skeletal muscle stimulator that responds to'muscle fatigue. The stimulator has a resonant
circuit to transmit internal information using the carrier waves from the external program head. The stimulator can
also control the synchronization ratio automatically using the peak value of the impulse response from an acceleration

In this series of animal experiments we verified the functions of both data

transmission by the resonant circuit and automatic control of the synchronization ratio. Our results suggest that the
stimulator can be used to automatically control muscle stimulation in Dynamic Cardiomyoplasty.
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