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United States Patent Office 3,182,335 
Patented May 12, 1965 

3,182,335 
OUAEL-CHAMBER ARTFICAL, HEART 

Victor W. Bolie, Anes, Iowa, assignor to Iowa Stafe 
University Research Foundation, Inc., Ames, fowa, a 
corporation of iowa 

Fied Feb. 27, 1963, Ser. No. 261,426 
8 Clairas. (C. 3-5) 

This invention relates to a dual-chamber artificial heart, 
and, more particularly, to apparatus adapted to oscillate 
pneumatically. 

It is an object of this invention to provide an artificial 
heart adapted for use within the chest cavity. 

Another object is to provide an artificial heart oper 
ated by an automatically cycling device delivering adjust 
ably-controlled air pulses. 

Still another object is to provide a pneumatic oscilla 
tor uniquely constructed and adapted to alternately pres 
surize chambers such as those employed in pumping 
blood. 

Other objects and advantages of the invention may be 
seen in the details of construction and operation Set down 
in this specification. 
The invention is explained in conjunction with the 

accompanying drawing, in which: 
FIG. 1 is an elevational view, partially in section, of 

the artificial heart of the invention, the sectional portion 
corresponding to that seen along the sight line - ap 
plied to FIG. 2; 

FIG. 2 is a top plan view of the organ seen in FIG. 1; 
FIG. 3 is a sectional view of the organ of FIG. 2 and 

at a position thereof corresponding to the line 3-3 of 
FIG. 1; 

FIG. 4 is a schematic representation, i.e., diagram, 
of a pneumatic oscillator employed in conjunction with 
the organ of FIGS. 1-3; and 

FIG. 5 is a schematic representation of an alternative 
form of pneumatic oscillator. 

In the illustration given, the numeral 10 designates gen 
erally a receptacle adapted to be installed within the 
ichest cavity and which is constructed of a rigid material 
such as a rigid plastic capable of generating the least pos 
sible hemolysis, clotting, irritation, and heat. 
The receptacle 10 is characterized by a pair of elon 

gated chambers 11 and 12 (see also FIGS. 2 and 3) 
which extend downwardly from an open top 13. The 
shape of the receptacle 10 is generally oval or ellipsoidal. 
Centrally, the top 3 of the receptacle 50 is equipped 
with a pair of upwardly-extending integral tubes 4 and 
15, which communicate as at 6 and 17 with the cham 
bers 11 and 12, respectively. The interior walls of the 
chambers and 12 are grooved annularly as at 8 and 
19 to permit pressure fluid entering the tubes 4 and 5 
to surround the collapsible bags 20 and 2. The bags 
20 and 25 provide the pumping means for the artificial 
heart. 
As seen in FIG. 3, the interior walls of chambers 1 

and 12 are further equipped with vertically extending 
recesses as at 22 and 23, which merge as at 24 and 25 at 
the bottom of the chambers so as to insure full access of 
pressure fluid to all of the exterior portions of the bags 
28 and 23. 

Each bag 29 and 2 is equipped with an upstanding 
constricted outlet portion as at 26 and 27, respectively. 
Each portion 26 and 27 is equipped with an inlet check 
valve and an outlet check valve, the outlet check valve 
of the bag 20 being illustrated in FIG. 1 and designated 
by the numeral 28, while the inlet check valve associated 
with the bag 21 is seen at the left-hand side of FIG. 1 
and is designated 29. The inlet check valve associated 
with the bag 20 is seen in FIG. 2 and is designated 30, 
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while the outlet check valve associated with the bag 21 
is seen also in F.G. 2 and is designated by the numeral 31. 

Functionally, looking at the showing in FIG. 1 as repre 
senting the artificial heart of a mammal, with the bag 2 
corresponding to the right ventricle and the bag 20 to the 
left ventricle, the outlet check valve 35 allows flow to 
the lungs and thus corresponds to the pulmonary valve. 
The inlet check valve 29 allows flow from the vena cava, 
and corresponds to the tricuspid valve. Relative to the 
left ventricle replaced by the bag 26, the outlet check 
valve 28 corresponds to the aortic valve leading to the 
mammal's aorta, while the inlet check valve 30 carries 
the blood flow from the lungs and corresponds to the 
mitral valve. 

It will be appreciated that the bags 20 and 2i are con 
structed of semi-pliable, i.e., flexible or resilient, mate 
rial adapted to change shape upon change of external 
pressure-in the portions below the constricted upper 
portions 26 and 27. As seen in FIG. 1, the upper neck 
like portions 26 and 27 are constructed of relatively 
thicker plastic material so as to resist deformation and 
are adapted to receive the tubes extending into the vena 
cava, pulmonary artery, pulmonary veins and aorta. 
Preferably, the constricted portions 26 and 27 merge into 
the thinner walls of the major portions of the bags 20 
and 21 by virtue of tapering wall thicknesses as at 32 
and 33. 
FGS. 4 and 5 show variations of pneumatic power 

operators constructed specially so that they sequentially 
and automatically alternate pressure and suction to each 
ventricular chamber 15 and 52 from steady sources of 
constant air pressure P and suction S. Also provided 
are means for adjusting the cycle time and air pulses to 
the left and right chambers. 

If desired, the pneumatic oscillator may be located ex 
ternally of the body, giving externally controllable heart 
rate and left and right heart output stroke volumes. 
Alternatively, internal installation of the pneumatic oscil 
lator is achievable, utilizing an internal biological gas 
generator (possibly stomach hydrochloric acid and plasma 
sodium bicarbonate to evolve CO2, which is non-toxic and 
re-absorbable). 
The oscillator seen in FiG. 4 employs two four-way 

valves 34 and 35, each of the single pilot-operated, spring 
return type. Each of the valves 34 and 35 is equipped 
with a spool as at 36 and 37 which is spring-loaded as 
at 38 and 39 so as to be biased in one direction. The 
four-way designation of each valve stems from the fact 
that four flow passages or ways are provided by position 
ing the spool as at 40 and 45 shown in heavy line rela 
tive to the valve 34 and as at 42 and 43 shown in dotted 
line. The corresponding ways in the valve 35 are desig 
nated 44, 45, 45 and 47, respectively. 
The valve 34 is connected to a source P of compressi 

ble pressure fluid (such as air) by means of conduits 48, 
while the valve 35 is coupled to the receptacle 10, namely, 
the tubes i4 and 15, by means of conduits or pipes 49. 
The valves 34 and 35 may be Modernairs, or the four 
Way, single pilot-operated, two-position type provided by 
Schrader Air Valve Company, of New York city. 

In the position shown, the way 41 communicates the 
pressure source P with a first tank or reservoir 50 by 
means of the conduit line 51, the line 51 being equipped 
with a check valve 5ia. Also, the line 51 communicates 
with a flow control device 52 which has adjustable flow 
in one direction via the adjustable constriction 53 and 
full flow in the other direction by virtue of the check 
valve 53a. Such a control valve is available as Modern 
air. No. 100, or from the Schrader Air Valve Company. 
The flow control valve 53a connects with one side of a 
two-way double pilot-operated valve 54, the two ways 
being designated 55 and 56. The way S5 is seen to com 
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municate the atmosphere A with the pilot ports 57 and 53 
of the four-way valves 34 and 35 by means of pipe 59. 

Thus, in the solid line configuration of the ways within 
the valves 34 and 54, compressed air is being delivered 
to the tank 53 and gradually building up in the pilot port 
60 of the two-way valve 54 so as to shift the spool. 6; 
thereof downwardly, thereby establishing the other way 
56. Meanwhile, however, the way 55 vents the pilot ports 
57 and 58, perinitting the springs 38 and 39 to maintain 
the spools 36 and 37 in the bottom position. 

Simultaneously with this condition, the reservoir 62 
is connected with one of the pipes 49 via the way 45. It 
will also be noted that the conduit 63 establishing this 
connection also is in communication with the port 64 of 
the two-way valve 54 by means of the open check valve 
65. Thus, as pressure is built up in the port 69 by virtue 
of pressure fluid flowing through the constriction 53, 
ultimately the spool 6i moves to the downward condition. 
When this happens, i.e., the spool 6 being shifted to 

the downward condition, the way 56 is established, which 
communicates with the pressure source P, whereupon 
pressure fluid is delivered through the line 59 to the ports 
57 and 58 to move the spools 36 and 37 upwardly against 
the bias of the springs.38 and 39. This then establishes 
the dotted line ways 42, 43, 46 and 47. With this condi 
tion established, pressure fluid from the source P flows 
through the way 42 and conduit 66 (through the open 
check valve 67) to the reservoir 62. Simultaneously, 
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pressure fluid moves through the constricted portion 67 
of the fow control valve 68 to build up pressure at the 
port 64 and ultimately move the spool 61 to the upper 
condition. This is made possible by virtue of the fact 
that the port 60 communicates with the tank 50 and the 
way 46 by means of the open check valve 53a. By virtue 
of the fact that pressure fluid flows out of the reservoir 
50 and through the way 46, a lower pressure exists at 
the port 68 than that which can be established at tha port 
64 by virtue of the build-up through fluid flow through 
the constriction 67. Pressure fluid passing through the 
way 46 enters the upper of the two pipes 49, while the 
lower pipe is connected to Stiction. Thus, the tubes 4 
and 5 are alternately and sequentially subjected to pres 
sure and suction to cause corresponding distortions of the 
bags 23 and 21, thereby effecting the desired heart pump 
ing action. 
A modified form of pneumatic oscillator is seen in FIG. 

5, wherein only two four-way valves are employed, there 
being no need in this case for the two-way valve 54 seen. 
in FIG. 4. Further, each of the four-way valves 7 and 
75 are double pilot-operated, and may be Modernair 
CRV405, or those provided by the Schrader Air Valve 
Company. Employed in combination with these valves 
are two variable volume reservoirs 72 and 73, which may 
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be Schrader No. 30901-0030 cylinders having a 1' bore 
and 3' stroke. 

Also employed in the pneumatic power oscillator sys 
tem of FIG. 5 are two flow control valves 74 and 75 of 
the Modernair type No. 100 used in the illustration of 
FIG. 4. Still further, check valves as at 76 and 77 are 
employed which may be Schrader No. 3134. 
The condition of the apparatus seen in FIG. 5 is to 

deliver compressible pressure fluid to the left ventricle 
chamber 4. Starting with the reservoir 72, it is seen that 
pressure fluid from this storage tank is enabled to flow 
through the line 78, then through the way 79 and pipe 
86 to the way 81 which communicates with the tube 4. 
as soon as the spool 95 of valve 75 shifts to the left. 
Simultaneously, pressure fluid-froin the source P flows 
through the way 82 in the valve 70 and thence through 
the line-83 to a 84. One. branch cf. the 84 com 
municates with the alternate reservoir 73 by means of a 
line 85, while the other branch of ther communicates 
with the flow control valve 74 by means of a line 86. 
The flow control valve 74 is arranged so that pressure 
fluid in the line 86 can only flow through the metered 
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4. 
side, i.e., the constriction 87, into the pilot port 88 asso 
ciated with the right-hand side of the four-way valve 76. 
in this situation, the check valve portion 89 of the flow 
control valve 74 is closed. This results in a gradual 
build-up at the pilot port 88 to shift the spool. 89 of the 
valve 70 to the left position, i.e., where the ways are 
shown in dotted line. This shifting is able to take place 
because the left-hand pilot port 90 is connected to a low 
pressure line at this time. Any pressure fluid in the pilot 
port 9) is able to flow through the check valve portion 
95 of the flow control valve 75 into the line 78 delivering 
pressure fluid to the left ventricle chamber 14. 
As soon as sufficient pressure is developed in the pilot 

port 88 to shift the spool. 89 to the left position, pressure 
fluid from the source P flows through the dotted line way 
92 into the reservoir 72 and simultaneously by means of 
the line 93 through the constriction 94 into the pilot port 
90. This in time develops sufficient pressure at the pilot 
port 98 to shift the spool. 89 to the right position. Thus, 
there is provided an automatic oscillation in the valve 7 
which alternately communicates the reservoirs 72 and 73 
(seen to be of the adjustable volume type by means of the 
pistons 72a and 73a, respectively) to the outlet valve 7i. 

In the condition shown in FIG. 5, pressure fluid is being 
delivered through the way 8a to the right ventricle cham 
ber 5, while the left ventricle chamber 14 is connected 
to a source of suction S. In the left position of the spool 
95 provided as part of the valve 7, the dotted line ways 
are established wherein the right ventricle chamber 15 is 
coupled to suction and the left ventricle chamber 4 is 
connected to a source of pressure P. The shifting of the 
spool 95 is achieved very shortly after the shifting of the 
spool 89, and for this purpose the valve 71 is equipped 
with right and left pilot ports 95 and 97, respectively. In 

- the condition shown, pressure is being built up in the pilot 
port 96 to ultinately shift the spool 95 to the left position. 
This stems from the fact that the compressible pressure 
fluid escaping from the storage tank 72 through way 79 of 
valve 7 cannot pass out way 83 of valve 71 until spool 
95 has shifted to the left. In order to overcome any pos 
sible sluggishness of action of valve 76 due to friction of 
its sliding spool, positive feedback to its pilot ports 88 and 
98 is provided through the one-way check valves 76 and 
77. In this way, the spools of valves 70 and 7 alternate 
eft and right automatically at a rate controllable by the 
flow constrictions 87 and 94, and thus alternate pressure 
and suction pressures to the left and right ventricles con 
nected to lines 14 and 5. If the ventricular back pressure 
does not exceed its maximum physiological value. (3 to 5 
p.s.i.g.), and the supply pressure P is high (90 to 100 
p.s.i.g.), then the ventricular stroke volumes delivered by 
the device are governed by the adjustable volumes 72 
and 73. - - - 

While, in the foregoing specification, a detailed descrip 
tion of the invention has been set down for the purpose 
of illustration, many variations in the details herein given 
may be made by those skilled in the art without departing 
from the spirit and scope of the invention. . 

claim: - - 

1. In an artificial heart, . . . . . - 
a rigid receptacle adapted to be installed in a body 

cavity and defining a pair of chambers, said recep 
tacle comprising a generally elliptical body with said 
chambers being disposed in side-by-side, longitudi 
nally-extending relation, . . . . . . 

a flexible bag in each chamber equipped withinlet and 
outlet check valves, each bag comprising a generally 
elongated hollow body having a constricted end, the 
wall of said body at said constricted end being rela 
tively thicker than the wall of the remainder of said 
body, said valves being mounted in side-by-side rela 
tion in said constricted end, 

pressure fluid conduit means communicating with each 
chamber adapted to alternately compress said bags, 
said conduit means being coupled to each chamber 
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adjacent one end thereof, with flow passages for said 
pressure fluid in the chamber walls communicating 
with the other chamber ends, and 

a pneumatic oscillator coupled to said conduit means, 
said oscillator comprising a pair of pilot-operated, 
four-way valves, one of said valves being coupled to 
said pipe means, a source of pressure fluid coupled to 
other of said valves, a pair of pressure fluid reservoirs 
coupled to both of said valves, and other conduit 
means including constriction means coupling said 
reservoirs to said valve for operating said valves. 

2. In an artificial heart, a substantially rigid receptacle 
adapted to be installed in a body cavity and defining a 
pair of chambers, a flexible bag in each chamber equipped 
with inlet and outlet check valves, flexible pressure fluid 
conduit means communicating with each chamber, and a 
pneumatic oscillator coupled to said conduit means for 
delivering pressure fluid to said chambers for alternately 
compressing said bags, said oscillator including a pair of 
pilot-operated, four-way valves, one of said valves being 
coupled to said conduit means, a source of pressure fluid 
coupled to the other of said valves, a pair of pressure fluid 
reservoirs coupled to both of said valves, and other con 
duit means including constriction means coupling said 
reservoirs to said valves for simultaneously operating said 
valves. 

3. The structure of claim 2 in which the said one valve 
is also coupled to suction means for expanding said bags. 

4. The structure of claim 2 in which said conduit means 
includes a three-way valve equipped with a shiftable spool, 
and pilot ports communicating with the spool ends, said 
Source and one reservoir being coupled to said ports in one 
condition of the other of said four-way valves, which said 
Source and the other reservoir are reversely coupled to 
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said ports in the other condition of said other four-way 
valve. 

15. The structure of claim 2 in which each of said reser 
voirs is equipped with means for varying the internal 
volume thereof. 

6. In combination, a pair of pressurizable chambers 
adapted to function as an artificial heart, a pneumatic 
oscillator including first and second four-way valves each 
equipped with a movable spool, a source of pressure fluid 
coupled to said first valve, pipe means coupling said 
chambers to said second valve, a pair of pressure fluid 
reservoirs, and conduit means interconnecting said valves 
and reservoirs for delivering pressure fluid for simultane 
ously moving said spools to alternately communicate each 
of said reservoirs with different valves. 

7. The structure of claim 6 in which said conduit means 
is equipped with variable constriction means for regulating 
the period of oscillation of said oscillator. 

8. The structure of claim 6 in which means are pro 
vided for controllably varying the volumes of said reser 
voirs whereby the ventricular stroke volumes generated by 
said oscillator are adjustable. 
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