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RIGHT VENTRICLE

™ Normal reference point

Figure 9. The reference point for pressure measurement

(Guyton, 52, p. 274)
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Flgure 10. Diagram of a fluid-actuated artificial ven-

tricle (Hiller, et al., 59, p. 129)
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Pigure 11. Causes of death in artificial heart experi-
ments (4Atsumi, et al., 9, p. 297)

ARTIFICIAL REART INSIOE THE CHEST

Power Transmission
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Magnets Electro Motor Direct Force Hydraulic System
| | | |
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Pendulum Heart

Figure 12. Means of power transmission through the chest
wall (Seidel, et al., 110, p. 38%)



CLOSE DUPLICATION OF HEART FUNCTIONS

Pulse Shaping Variable Flow Rates
No Suction Lightweight
Alternate or Simultaneous Pulsing Low Noise Levels
EXCELLENT RELIABILITY AND LIFE CHARACTERISTICS
Low Stress No Lubrication
Simple Power Supply Minimal Moving Parts
Negligible Maintenance
SIMPLIFIED PACKAGING
Few Sealing Problems No Heat Problems
Sufficient Controlled Energy Easy to Sterilize
Volumetric Efficiency Flexible Material Selection

Form Factor Flexibility

LOW END PRODUCT COST

Figure 13. Advantages of a fluid amplifier-controlled

artificial heart (Barila, gt al., 10, . 32)

Figure 14. Silicone rubber flap valves for the Model II

artificial ventricle; = flap part, D =
seating part
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Pigure 15, Cross-section view of the Model II
artificial ventricle (Ietters are
explained in the text.)
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Pigure 16. The three artificial ventricles

Figure 17. The disassembled Model II arii-
ficial ventricle (Letters are
explained in the text.)
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Figure 18.

Liquid output of the Model II ventricle as a
function of both output pressure head and
pulsed air pressure. - The number in ( ) is
the resting level of the pulsed air pressure
in pounds per square inch. The input filling
pressure was five nm. Hg. .
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Figure 19.

Liguid outout of the Model II ventricle as a
funcition of both input filling pressure and
pulsed air pressure. The number in ( ) is
the resting level of the pulsed air pressure
in pounds per saquare inch. The output pres-
sure head was 80 mm. Hg. .
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Pigure 20. Appearance of plasma hemoglobin as
a function of time for a Model II
artificial ventricle
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Figure 21. Block diagram of a one~ventricle pne¢ .natic power system
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Pigure 22. ZPressure control module -- front view
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Plgure 23, Pressure control module -~ rear view
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Figure 24, Heart rete a2nd duty cycle module

Pigure 25. Flow and pressure recordings




Figure 26. Block diagram of a one-ventricle control
system and the circulatory system
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Figure 27.

Figure 28.

RILATIVE
MOTOR 3PEID

Control motor power supply module

Meter relay module and Statham
PR23-1D=-300 pressure transducer
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Figure 29. Responses of four control systems
(Bellman, 11, p. 190)
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Figure 31. Schematic diagram of the totzal
cardiopulmonary bypass procedure

Pigure 32. Schematic diagram of the right
ventricular bypass procedure
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Figure 33. Schematic diagram of the left
ventricular bypass procedure

Figure 34. Recordings taken during an in vivoe
automatic control cequence -- stable
oscillating respouse




182

PULMONARY
VASCULAR
BED

CORONARY

] VASCULAR
_LJ-

L

————

ARTIFICIAL | .~ ~
VENTRICLE

CONTROL SYSTEM

TO PNEUMATIC hl
{

er——
D] ® ® IO ® 0

ity DD o i nwote 3 D
)

e [

‘e -

e




' T EKG
-1
-
-0

PULMONARY ARTERIAL B P

M M A A A T pls——

AN woeil\apph A

VENA CAVAL B.P.

Pigure 35. Recordings taken during an in vivo
- automatic conirol sequence -- effect
of control motor speed on machine

response
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Figure 35. Recordings taken during an in vivo
automatic control sequence == response
of control system to an air pressure
perturbation
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Pigure 37. Diagram of the test circulation and its
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TABLE




Table 1.

Specifications of the three artificial ventricles

Size in
centi-
meters, Welght Air chamber Diastolic Stoke
length x in volume 1in volume in volumne in
Model diameter grams milliliters milliliters milliliters
I 30.1 x 9.5 406 44 -~ 196 70 0 - 25
II 7.0 x 6.5 234 15 ~ 40 34 -~ 90 0 - 40
III 15.0 x 11.4 666 70 - 200 155 0 - 100
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