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= Abstract =A new version of a moving actuator electromechanical total artificial heart was
designed to improve the total efficiency, durability, and fit inside the thoracic cavity.

Compared with our present type of rolling-cylinder actuator, this new model has a pendu-
lum-type actuator with reciprocating motion around a fixed circular path connected through
the gear mechanisms to the motor. By using this mechanism, efficiency and-durability im-
proved by replacing the sliding mechanism with rolling contact elements. Also, the height of
the pump decreased from 9 cm toc 7 cm with a static stroke volume of 65 cc.

With this new pump, we performed two animal experiments. We also evaluated the
engineering feasibility of implanting this pump into a small, human-size animal (less than 70

Kg).
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INTRODUCTION

The objective of this paper is to present a new
type {pendulum) of moving-actuator. elec-
tromechanical artificial heart. In our previous pap-
er (Min et al. 1989), we reported the mock-
circulation and animal experimental results of the
moving-actuator pump based on a rolling cylinder
mechanism. This rolling cylinder pump de-
creased the total size of the implanted pump to
occupy a total volume of one ventricle and one
actuator size, compared with two ventricles and
one actuator size of the conventiona! pusher-
plate motor-driven pump. However, the rolling
cylinder pump has two problems that need im-
proving. One is the mechanical contact and its
energy loss on the bottom rack and the side’s
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guide bar. The other problem is the relatively
iong length of the flexing which corresponds to
the center length of the actuator’s circular path.

The present new pump based on pendulous
motion has corrected the above two problems
while maintaining the advantage of the moving-
actuator type's smalil total volume.

We also evaluated the engineering feasibility
of implanting of our new pump into a small, hu-
man-size animal (less than 70 Kg), compared
with our previous experiment and other groups’
implantations into large-size animals {more than
100 Kg body weight] (Min et al. 1988; Pierce
1986; Jarvik et al. 1978).

MATERIALS AND METHODS

Blood Pump Design

The pendulum-type actuator is composed of
three main parts: a brushless DC motor, three-
stage planatary gear, and a fixed gear with a
shaft for pendulous motion. Figure 1 shows the
schematic diagram of the pendulum-type
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Fig. 7. Waveforms of AoP, LAP, and RAP of the implanted TAH (Top: AcP, Middle: LAP, Bottom: RAP).

stopping time at the end of each stroke in our
pump without any additional compliance cham-
ber. As discussed in in-vitro results, this mainte-
nance of low atrial pressure without any com-
pliance chamber may be possible due to a large
variable volume space and flexible pump hous-
ing. But we need a more exact estimate of the
variable volume size and careful experiments
dealing with the imbalance problem of our new
pump, since the volume size is a critical para-
meter of the imbalance operation in the case of
tissue encapsulation of the implanted TAH.

A small degree of adjustment of the atrial
pressure level was possible even with a moder-
ate degree of active suction by an actuator
attached to the outer sacs. In addition to the
volume difference in the left and right sacs by
10%., this controller adjustment of the stopping
time was necessary to maintain a mean atrial
pressure of less than 156 mmHg for both left and
right ventricles.

At the end of the experiments, we tried a

tether-free operation using a battery and a port-
able controller for 10 minutes. After 10 minutes,
we returned to the computer control, as the
logic circuit became unstable with fow battery
storage power. However, this shows the possi-

ble advantages of the electrical type total artifi-
cial heart in comparision with the pneumatic
type (Weiss et al. 1989).

In conclusion, our moving actuator pendufum
pump showed the engineering feasibility of im-
planting a TAH inside the human chest cage by
means of a tether-free operation. Before carrying
oul long-term survival expenments, we need
more time to improve the pump’s function and
reliability. But this implantation of an electrical
pump inside of the thoracic cage of a human-
size animal {less than 70 Kg body weight] is the
first reported case to our best knowledge.
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