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This invention relates to improvements in a mechan 
ical heart, and more particularly to a mechanical heart 
designed and constructed for disposition inside the hu 
man body as a complete replacement of the human 
heart, although it is obvious that the invention may be 
used as a replacement for the heart of various other 
living creatures besides human beings, as will be appar 
ent to one skilled in the art. 

In the past, a number of types of so~called mechani 
cal hearts have been developed, but in every instance 
of which we are aware these formerly known so-called 
mechanical hearts were sizable and bulky pieces of ap 
paratus, much too large for incorporation in a human 
or animal body, and were used mainly for either experi 
mental purposes or as a temporary expedient to carry 
on proper blood flow in the body of a patient undergo 
ing surgery, especially heart surgery. In other instances, 
sections of main blood vessels have been removed from 
the human body and plastic replacements such as woven 
nylon tubes successfully substituted for the removed sec 
tions. In other‘instances, substitutions have been made 
for one or more heart valves. However, insofar as we 
are aware no attempt has ever been made to provide an 
actual substitute or replacement for the entire human 
or animal heait. 
The value and importance of the instant invention may 

not yet be fully appreciated, but a large proportion of 
that value and importance can readily be understood by 
considering a patient fully or partially con?ned to a 
chair or bed by virtue of an ailing heart. That patient 
may undergo surgery (during which a so-called mechani 
cal heart of the type heretofore known might be utilized 
to maintain proper blood‘ ?ow) in which the patient’s 
heart would be completely removed, and the instant in 
vention mounted inside the patient’s body as a replace 
ment or substitute for the removed heart. 
that patient, whose span of life prior to the surgery was 
highly questionable and in any event of relatively short 
duration, should assume a substantially normal as well 
as active life, not only of an ambulatory character but 
even to the extent of participating in physical sports and 
games, and maintain that active life for an inde?nite 
period. In other words, the instant invention is designed 
to inde?nitely prolong the lives of patients, human or 
animal, which would otherwise be materially foreshort 
ened by virtue of heart trouble. 
Over and above these advantages of prolonging the 

life of a patient, and rendering an inactive patient ambu 
latory and active, the instant invention may possess other 
unexpected advantages. For example, the ill effects of 
high or low blood pressure cannot be overcome by any 
adjustment made to a human heart. But with a me 
chanical heart incorporating a speed control, some de?~ 
nite and positive control over blood pressure may be 
maintained. With the aid of such control, many of the 
ultimate and sometimes disastrous effects of high and 
low blood pressure, arteriosclerosis and similar afflictions 
may not only be controlled should they have already oc 
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curred, but may be prevented from occurring should their 
occurrence appear imminent. 
With the foregoing in mind, it is an important object 

of the instant invention to provide a mechanical heart 
capable of being mounted in the chest cavity of a human 
or animal as a total replacement for the original human 
or animal heart. 
Also an object of this invention is the provision of a 

mechanical heart capable of functioning as a replace 
ment or substitute for a human or animal heart, and 
which may be selectively varied in speed of operation by 
the user. 
A further feature of the invention is‘ the provision of 

a mechanical heart particularly designed to occupy a 
minimum ,space, and which is constructed for continual 
operation for an inde?nitely long period of time. 

It is also an object of this invention to provide a me 
chanical heart capable of functioning as a substitute for 
a human or animal heart so constructed that the blood 
never contacts any moving mechanism other than its 
own container within the heart, which container is made 
of material that is inert with respect to. blood and other 
body ?uids. . 

It is also an object of this invention to provide a me 
chanical heart that may readily be substituted for a hu 
man or animal heart with all moving mechanical parts 
enclosed within a sealed casing, wherein internal pres 
sure is maintained in equilibrium with the body pres 
sure so as to avoid damage to the mechanism by way of 
a blow on the body of the user and to avoid malfunc 
tion as the hydrostatic pressure of the external environ 
ment changes. 

Another object of the invention resides in the provision 
of a mechanical heart of the character set forth herein 
in which the mechanism is devoid of parts and pieces 
having relatively short-time fatigue characteristics, the 
mechanism being ‘designed for long usage and constantly 
lubricated. ‘ . ‘ 

Still a further object of the invention is the provision 
of a mechanical heart of the character set forth herein 
in which all moving parts are sealed within a container 
either of or covered by material which is non-toxic and 
non-irritating to tLe human or animal body‘ and inert with 
respect to body. ?uids. . 
A further feature of the invention resides in the pro~ 

vision of a mechanical heart system for installation in 
the human or animal bocy, embodying a mechanical 
heart as such, with an electric motor for driving the heart 
contained within the heart casing, wires or conductors 
from the motor leading through the body to a source of 
energy carried on an external ‘part of the body, all ele 
ments of the apparatus contained within the body being 
insulated or covered with material inert to body ?uids. 

Also a feature of the invention resides in the provision 
of a mechanical heart system for disposition in a human 
or animal body, and wherein all the essential drive mech 
anism for operating the mechanical heart per se is car, 
ried by the user, internally or externally of the body. 

It is also a feature of the invention to provide a 
mechanical heart for replacing a human or an‘ animal 
heart and which is so constructed that regardless of the 
speed of operation, the blood flow through the human 
or animal is at no greater velocity than with the original 
human or animal heart. 

Brie?y, a preferred embodiment of the: instant inven 
tion comprises a sealed casing containing means de?ning 
collapsible and expansible chambers, valve arrangements 
being provided to selectively govern the entrance and exit 
of blood into and from these chambers. Suitable conduits 
extend through the sealed casing wall for connection 
to the major blood vessels of the body in a manner al. 
ready known. The casing also contains drive means for 



2,917,751 
‘x, . 

successively collapsing and expanding the mechanical 
heart chambers in order to create an action akin to pump 
ing to provide the essential movement of blood through 
the body. The drive mechanism is so dispersed rela 
tively to the chambers, that the blood passing through 
the mechanical heart cannot come into contact with any 
thing but the chamber de?ning means made of a material 
that is inert to all bodily ?uids. The casing also con 
tains fluid, such as a light oil, under pressure equilibrium 
with the body, so as to prevent damage to the casing 
by a blow on the body of the user and also to maintain 
constant lubrication of moving parts. The operation is 
maintained as simple as possible in order to avoid com 
plicated mechanical movements or the use of materials 
having a de?nite fatigue point. Further, the instant 
mechanical heart may be constructed to incorporate a 
,twoechambered device, or if so desired, four or some 
other number of chambers might also be utilized. The 
sealed casing is preferably covered with an inert, non 
toxic and non-irritating material such as a suitable plastic. 

In designing and developing a mechanical heart which 
must function as a complete substitute for the human 
heart, many and various problems must be considered 
and appreciated. Some of these problems deal squarely 
v‘with the provision of a mechanical structure simulating 
as nearly as possible the operation of the human or ani 
mal structure it replaced; but there are many additional 
problems concurrent with the provision of a mechanical 
device taking the place of a human organ. 
Some of these other problems include ways and means 

‘of counteracting adverse effects of accidents, or psycho 
pathic or psychological characteristics or impulses of the 
particular patient. For example, it is desirable that the 
‘power source be so arranged that the power can never 
'be entirely turned Off but only down to a predetermined 
minimum which is sufficient to keep the mechanical heart 
operating at a speed to maintain life in the patient when 
the patient is at rest. This not only avoids accidental 
stopping of the mechanical heart, but also intentional 
stopping of the mechanical heart in the event the par 
ticular patient developed a suicidal impulse. Further, it 
is known that when a person is in a relaxed condition, 
the normal human heart energy output in pumping is 
equivalent to about one watt, whereas when the par 
ticular person is exercising or otherwise moving strenous 
ly, the pumping energy output may reach as much as 
ten watts. Consequently with a mechanical heart there 
must be ready means available for altering the speed of 
'the heart in keeping with what the particular user intends 
to do. If the user intends to indulge in extreme exercise, 
the heart must be initially stepped up in speed, and like 
wise when the user relaxes, the speed should be appropri 
ately cut down. Also, since the valves of the natural 
heart act quickly, or in a time of short duration com 
pared to the time of one pumping cycle, in order to mini 
mize back?ow, so the valves with the mechanical or 
arti?cial heart should also be controlled to act quickly 
in order to approximate the human heart in its functions. 
in addition, care must be exercised not to use springs or 
similar parts subject to fatigue, and in the event the me 
chanical heart is driven by an electrical motor, it is not 
desirable‘ to utilize a motor having brushes inside the 
body, so means must be provided to permit the utilization 
of another type of motor, such as an induction motor. 
And, as stated above, extreme care must be exercised to 
eliminate any toxic or irritating reaction from any of the 
parts and the heart structure itself must be capable of 
being mounted within the thoracic or chest cavity of the 
user without discomfort, and preferably without any 
persistent feeling that the user may be carrying a little 
more weight than was the case theretofore within his 
body. . 

All of these factors, as well as many others‘, have been 
taken carefully into consideration and adequate com 
pensation made in the provision of the instant invention. 
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a 
While some of the more salient features, character~ 

istics and advantages of the instant invention have been 
above pointed out, others will become apparent from the 
following disclosures, taken in conjunction with the ac~ 
companying drawings, in which— 

Figure 1 is a diagrammatic illustration of a human 
body, with a mechanical heart and associated apparatus, 
embodying principles of the instant invention, shown 
associated therewith in operative position; 
Figure 2 is a greatly enlarged fragmentary vertical 

sectional view, with parts shown in elevation, of the 
mechanical heart itself, this particular view being taken 
substantially as indicated by the line II—II of Fig. 3, 
looking in the direction of the arrows; 

Figure 3 is also a vertical sectional view taken from a 
different angle, substantially as indicated by the line 
III—III of Fig. 2, again with parts shown in elevation; 

Figure 4 is a plan sectional view through the mechani 
cal heart itself, taken substantially as indicated by the 
section line IV—IV of Fig. 3; 

Figure 5 is an enlarged fragmentary vertical sectional 
view of the same general character and location as is the 
case with Fig. 2, but illustrating a mechanical heart hav 
ing an increased number of chambers therein over the 
showing in Figs. 2, 3 and 4; and 

Figure 6 is a transverse vertical sectional view, with 
parts shown in elevation, of the structure of Fig. 5 taken 
substantially as indicated by the section line VI-VI of 
Fig. 5. 
As shown on the drawings: 
Of course, one of the objects of the instant invention 

is the provision of a mechanical heart which approxi 
mates the size of a natural heart as closely as possible. 
Consequently, with the exception of Fig. 1, the disclo~ 
sures in the drawings are intentionally exaggerated for 
purposes of clarity and are greater than the preferable 
size for body installation. Actually, the arti?cial or 
mechanical heart, in the event an electrical motor is 
utilized as the prime mover, may be slightly larger than 
the natural heart in order to provide adequate room for 
the motor and the operative connections between the 
motor and the collapsing and expanding heart cham 
bers. However, it is desirable to maintain the entire 
arti?cial or mechanical heart su?iciently small that it 
-will readily ?t in the location of the natural heart in 
the chest cavity without necessitating crowding of the 
lungs or causing any discomfort to the user. Under cer 
tain conditions it might be desirable to utilize a mechani 
cal heart of such size that a lung must be removed in 
order to mount the heart within the chest cavity but 
that is something it is desired to avoid except under rare 
and special circumstances. 

Furthermore, in the illustrated examples, the casing 
has been shaped merely to show the essential parts of 
the apparatus properly enclosed, with no special effort 
being taken to reduce the size of the casing to the mini 
mum extent or to provide a special shape which may 
prove more desirable at some later time. As illustrated, 
all sharp corners on the casing have been eliminated to 
avoid irritation or overcrowding, and while it is intended 
that sharp corners remain eliminated, the casing may be 
given any suitable or desirable shape consistent with the 
disposition of the required mechanism therein. 

> In Fig. 1 we have illustrated diagrammatically a human 
body 1, with a mechanical heart, generally indicated by 
numeral 2, of the general structure of the heart shown 
in' Figs. 2, 3‘ and 4, mounted in operating position in 
the thoracic cavity of the body 1. The casing or hous 
ing of the mechanical heart 2 may be satisfactorily 
fastened onto the transverse processes of the thoracic 
vertebrae, with connections to the adjacent rib struc 
ture if so desired, and a lei-lateral fastening may be pref 
érable to assure adequate stability and comfort to the 
user. A mounting in this manner may readily be ac~ 
complished without overcrowding of either lung and 
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in a valve remaining closed, then the next 10° opens the 
valve, and the valve stays open for the following 170° of 
rotation. 

In order to effect suitable valve actuation, a link 38 
is pivoted at one end, as indicated at 39, to the adjacent 
casing wall, the other end of this link being bifurcated 
and pivotally connected to the shaft of the cam follower 
37. A second link as has one end received between the 
bifurcations of the link 38 and is also pivoted to the 
shaft of the cam follower 37. The other end of this 
link is pivotally connected as at 41 to the central portion 
of a transversely extending valve actuating bar 4.2. A 
pair of rods 43 and 44 are rigidly secured to opposite 
ends of the actuating bar 42, and the other ends of 
these rods are ?rmly secured to a second valve actuating 
bar 45, and rods 43 and 44 passing through a cross sup 
port or shelf 46 ?xedly mounted to the casing wall, as 
seen in Figs. 2 and 4. With reference to Fig. 2, it will 
be particularly noted that the actuating bar 42 controls 
the valve 27 of the diaphragm 21, while the actuating 
bar 45 controls the valve 32 of the diaphragm 29 
At the other end of the casing, an identical valve 

actuating arrangement is provided, including a cam wheel 
47, links 43 and ‘t9, and valve actuating bars 59 and 51 
for the valves 28 and 33, respectively. It is to be espe 
cially noted, however, that the valve actuating mech 
anism at this end of the casing is out of phase with that 
at the opposite end of the casing, so that when valves 23 
and 33 are closed as seen in Fig. 2, valves 27 and 32‘ are 
open. 
With the use of the linkages above described in the 

valve actuating assemblies, springs or other devices hav 
ing a de?nite fatigue point are eliminated. Adequate 
lubrication is obtained when it is recalled that the entire 
inside of the casing, with the exception of the inside of 
the diaphragms 21 and 29, is ?lled with a liquid such as 
light oil in pressure equilibrium with the body. That 
liquid ?lling the casing obviously lubricates the various 
moving parts. Preferably, the entire external surface 
of the casing is also covered with a coating of a suitable 
inert plastic material, such for example as non-reacting 
polyethylene. Such coating of the external surface of 
the casing also insures the elimination of any rough spots, 
and adds to the comfort of theuser. 
When the mechanical heart is installed in the body in 

place of the original human or animal heart, the casing 
of the mechanical heart may be satisfactorily fastened 
onto the transverse processes of the thoracic vertabra, 
and a bilateral fastening would appear to be desirable. 
If so needed, added securement could be made to the 
ribs. Such mounting of the mechanical heart might be 
accomplished in generally the same manner bone frac 
tures in elderly people are corrected with the use of metal 
plates. 
The operation of the instant invention is extremely 

simple and positive, duplicating the action of the original 
heart to a more than necessary extent. With reference 
now to Fig. 2, let it be assumed that the ori?ce tube 2.6 
is connected to the blood vessel leading to the lungs or 
pulmonary artery, the ori?ce tube 31 is connected to the 
pulmonary vein which returns blood from the lungs, the 
ori?ce tube 30 is connected to the aorta supplying blood 
to the body, and the ori?ce tube 25 is connected in suit 
able manner to the superior and inferior vena cava re 
turning blood from the body. Now with the mechanism 
seen in the position of Fig. 2, the diaphragm 29 is sub 
stantially in fully closed position for the heart chamber 
34, and blood has been forced from this chamber 34 
through the ori?ce tube 36 to the body. At the same 
time, the diaphragm 2.1 has been expanded, so that blood 
from the body is returning through the ori?ce tube 25 
into the other heart chamber 22. In the next half revolu 
tion of the motor, valves 27 and 32 will be closed and 
valves 28 and 33 opened, and the movable plate 28 con 
trolling the diaphragms will move. upwardly as viewed 
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in this ?gure. 
been returned from the body will be discharged through 
outlet tube 26 to the lungs, and at the same time blood 
will return from the lungs through the ori?ce tube 31 into 
the heart chamber 34 for distribution to the body at the 
next half cycle of operation. It will be noted that there 
is a slight difference between the action of a mechanical 
heart and the original human or animal heart, in that 
the original heart pumps blood to the lungs and to the 
body at the same time, by virtue of the four chambers in 
the original heart. However, the very slight difference 
in timing, usually less than one half second, in which 
blood is supplied only to the lungs, and then in the next 
half cycle of operation only to the body, in the mechanical 
heart, will provide notnoticeable difference in the bodily 
functions of the user of the mechanical heart. During 
operation, there is no sharp bending of the diaphragms 
at any time, partially due to the internal and external 
liquid pressure on these diaphragms. The diaphragm 
and valve actuating mechanisms are extremely simple and 
positive in their action. Thus, there are substantially no 
parts that should become out of order for a considerable 
or inde?nite length of time, and the use of the mechanical 
heart in lieu of the original heart should prolong the life 
of the user insofar as heart trouble is concerned for an 
inde?nite span of years. 
This is particularly true because no parts of the mecha~ 

m'sm are so constructed that they are likely to get out of 
order. For example, each valve is preferably secured to 
its respective valve actuator bar in the same manner the 
diaphragm is secured to the casing and supporting plates. 
Likewise, the opposite side of the tubes 25 and 26 from 
the valve structure per se, are preferably secured to the 
transverse supporting elements 46. Thus, adjustment of 
parts is maintained throughout the mechanism, and the 
only variable that need be provided is in the speed of the 
motor. 
The speed of operation of the mechanical heart is at 

least partially controlled by adjustment of the rheostat 
or equivalent element 8. It is well known that the natural 
heart pumps less blood during rest than during exercise, 
and accomplishes this by changing its frequency, or num 
ber of beats, and the blood output per beat. However, 
with a mechanical heart it appears more practical to vary 
only the pumping frequency and to keep the blood out 
put per beat substantially constant. The low speed of 
the motor 7 is preferably approximately 40 to 60 r.p.m‘., 
and the motor speed may vary by a factor of 3 or‘ 4, 
which is not a critical number. Thus the mechanical 
heart is given a reasonable range of operation, but the 
range is not quite as great as that of the natural heart 
from complete rest to very violent exercise. Neverthe 
less, it is a very simple expedient for the user when re- ‘ 
tiring for the night to turn the dial 8 to the low speed 
point, and whenever that user contemplates movement, 
light exercise, or even quite violent exercise, the speed 
may be accordingly adjusted just prior to or contempo 
raneously with the start of the intended action. 
quently, with the mechanical heart substituted for the 
natural heart, there is no reason why the user, who is 
con?ned to a state of substantial inactivity by virtue of a 
defect in the natural heart, cannot indulge himself at 
least in reasonable or moderate exercise, and no reason 
why the user could not assume his former duties in earn-r 
ing a livelihood. .. 

The size of the mechanical heart hereinabove described 
may be slightly greater than that of the natural heart, 
by virtue of the addition of the motor, but should not be 
su?‘iciently large to necessitate the removal of any other 
body organ to make room for it, and should not be suf 
?clently large to cause any discomfort to the user by 
virtue of objectionable contact with other parts of the 
body. ‘ 

However, in some cases, a larger‘ mechanical heart 
having at least four chambers, rather‘than twofmay‘ ‘be 

Thus, the blood in chamber 22 which has. 

Conse-‘ 
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without any change in “feeling” that a user will not be 
come accustomed to in a very short period of time. 

In the illustrated embodiment of the instant inven 
tion, an electric motor is utilized as a prime mover. Con 
sequently wires must pass from the motor in the casing 
to a source of power. In the illustrated instance, a bat 
tery box 3 may be banded to the upper thigh of the user 
as indicated at 4. Wires leading from the battery box, 
preferably in the form of a unitary cable 5, extend from 
the ari?cial or mechanical heart 2 between the layers of 
mediastinum through the muscles of the chest Wall and 
then between super?cial and deep fascia along the lateral 
aspect of the ?ank into the inguinal region and emerge 
preferably below the inguinal line as indicated at the 
point 6. The compound cable 5 is, of course, preferably 
insulated and completely covered in the portions within 
the body with an inert material such as nylon. This 
material is non-toxic, non-irritating, and quite inert to all 
body ?uids and tissues. As shown in the drawings, it is 
preferable that the ori?ce point 6 where the conductor 
enters the body is at a location relatively remote from 
the mechanical heart itself, so that if irritation should: 
result at the ori?ce point to such an extent that cor 
rection is desired, that irritation may be corrected with 
out danger, since it will not be located in a vulnerable 
place. If deemed necessary, the orifice point 6 may 
be substantially sealed around the cable 5, for example, 
vwith an impervious ?lm of liquid plastic material such 
as that used for holding colostomy bags to the skin. 

Within the casing 2 of the mechanical heart, the cable 
5 connects with a prime mover such as an electric motor 
7. This is preferably an induction motor, and the con 
trol box 3 attached externally to the user’s body preferably 
contains batteries for driving the motor, and a suit 
able converter to change the direct current from the bat 
tery to alternating current for the motor. This convert 
er may be in the form of a vibrator or the equivalent. 
The control box 3 also contains a manual speed control 
for the motor as indicated at 8, and it is preferable that 
this speed control is so set that it can never be turned 
down sufficiently to stop the motor. Thus, by insuring 
that the motor always operates at a minimum speed, it 
is impossible to stop the motor accidentally, and it is 
equally impossible for the user, in a ?t of melancholia 
or the like, to deliberately turn down the motor to the 
stopping point, or to a speed that would be dangerous 
ly low. An auxiliary internal energy storage unit would 
eliminate the possibility of stopping the motor by com 
plete removal of the external unit. 
The ?rst illustrated embodiment of the instant inven 

tion, namely a two-chambered mechanical heart, is best 
seen in Figs. 2, 3 and 4. The casing 2 may be fabri 
cated from a number of initially separate pieces, and 
all of these pieces are preferably welded together into an 
integral sealed whole, as indicated by reference numeral 
9. The casing may be given any ‘desirable shape, con 
sistent with the accommodation of its operating contents, 
and all of the corners are preferably rounded as indicated 
at 10, and the end portion of the casing is preferably 
given a smooth dome-like shape as indicated at 11 in 
Fig. 3. The casing could be preferably made of stain 
less steel or some equivalent material having the requisite 
strength and is covered by a material neutral to body 
?uids and tissues. The cable 5 may preferably be sealed 
at its exit point in the casing by way of a bushing 12 
(Fig. 2) of nylon or equivalently inert material. 
Within the casing, a supporting platform 13 is secured 

to the opposed casing walls, and extends entirely across 
the width of the casing, but as seen in Fig. 2, this plat 
form is of less length than the interior of the casing to 
allow space on each side thereof for operating mech— 
anism. A suitable support 14 is mounted on the platform 
to carry the motor 7 which, as stated above, is preferably 
an induction motor to avoid the use of brushes in a 
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6 
device mounted within the human body. The motor 
shaft 15 is preferably in the form of a crankshaft and 
rotates with the motor armature, gearing being elim 
inated in the preferable construction. On each side of 
the motor the shaft 15 is provided with a crank 16, both 
crank arrangements or assemblies being identical. Each 
crank 16 is disposed within a ?attened loop portion 17 
mounted on top and preferably integral with a trans 
versely extending bar 18. From each bar 18 a pair of 
rods 19-19 extend, as seen best in Fig. 3, and these 
rods are ?rmly anchored to the bar 18. All four such 
rods 19 are securely anchored at their other ends to a 
movable plate 20, the rods passing through suitable 
openings in the supporting platform 13. 

Secured to one face of the ?xed platform 13 is one 
side of a diaphragm or envelope 21 made of any suitable 
plastic material, such for example as non-reacting poly 
ethylene which de?nes a heart chamber 22. The op 
posite side of this diaphragm is secured to the movable 
plate 20‘, as best seen in Fig. 2. The diaphragm is se 
cured to the respective plates in any suitable manner 
equivalent to heat sealing or vulcanization. The dia 
phragm is provided with inwardly extending folds 23 on 
opposite sides as seen in Fig. 2, and with outwardly 
extending folds 24 on the other two opposed sides as 
seen in Figs. 3 and 4, thus providing room for the actuat 
ing rods 19. In other words, the diaphragm is folded 
in substantially the same manner as the diaphragm of 
an accordion. At the inner side thereof, the diaphragm 
21 is provided with opposed ori?ce tubes 25 and 26 
extending out opposite end walls of the casing. These 
tubes are preferably ?attened as seen in Fig. 3, and 
before exiting from the casing the tubes may be shaped 
round and after exiting from the casing they are attached 
to body blood vessels in a known manner. The ori?ce 
tubes are also preferably so sized that the blood ?ow 
therethrough will be at no greater velocity than that of 
the human or animal heart the instant invention replaces. 
It will be especially noted from the foregoing descrip 
tion, that the body blood does not contact any portion 
of the mechanical heart except the inside of the dia 
phragm, and the material of that diaphragm is, of course, 
inert to human and animal blood. 
The ori?ce tubes 25 and 26 are each provided with a 

valve formation, 27 and 28 respectively. As seen in 
Fig. 2, the valve formation is preferably corrugated so as 
to avoid any extra tension or stretching on the diaphragm 
material when the valve is closed as seen at the right 
hand side of Fig. 2. In that ?gure, valve 27 is open 
and valve 28 is in closed position. Preferably, also, the 
valves 27 and 28 are made slightly thicker than the 
remaining portion of the diaphragm 
A second heart chamber is provided by way of a 

diaphragm 29, one side of which is secured to the 
opposite side of the movable plate 20, and the other side 
of which is secured to the inside of the adjacent casing 
end or bottom wall. This diaphragm is otherwise of 
the same construction as the diaphragm 21, and is pro 
vided with a pair of ori?ce tubes 30 and 31, each of 
which is equipped with a valve as above described, 32 
and 33, respectively. In the instance of the showing in 
Fig. 2, the valve 32 is open while the valve 33 is closed. 
This diaphragm 29 de?nes interiorly thereof a heart 
chamber 34. 

Suitable means are provided for successively opening 
and closing the respective valves in predetermined order. 
To this end, a cam wheel 35 is ?xed to the end of the 
motor shaft outside the crank 16, and this cam wheel 
is provided with an internal cam track 36 in which a 
cam wheel or follower 37 is disposed. With reference 
to Fig. 3 it will be seen that the cam track 36 is so 
shaped as to provide quick opening and closing of the 
valves. Preferably this cam track is so made that ap 
proximately 10‘’ of motor shaft rotation will provide the 
closing actlon, the next 170° of angular rotation results 
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deemed desirable, and in such event it is possible that a 
lung may have to be removed in order to make room for 
the larger mechanical heart. The removal of a lung may 
be desirable in the event the lung is also diseased, and 
the larger heart having four chambers more nearly ap 
proximates the precise action of the natural heart than 
does the two chamber heart hereinabove described. That 
is because with a four chambered heart, blood may be 
caused to flow into the lungs and into the body simulta 
neously as is the case with the natural heart. 
To this end, we have illustrated a four chamber heart 

in Figs. 5 and 6. In these ?gures, the motor and driving 
mechanism directly connected therewith is the same as 
above described, particularly down to and including the 
drive links 40 and 4% for the valve actuating means. 
The entire mechanism is also enclosed in a casing 2a 
which is of substantially the same construction as the 
casing 2, but obviously larger in size. 

With reference now to Figs. 5 and 6, it will be seen 
that the rods 19a depending from the bars 18 connected 
with the cranks 16-16 of the motor shaft extend down 
wardly through the supporting platform 13, and have 
af?xed thereto a movable diaphragm actuating plate 52, 
then extend freely through another plate 53 ?xedly se 
cured to the casing 2a, and terminate in ?xed attachment 
to a second movable or diaphragm actuating plate 54. 
A diaphragm 55 is attached to the underside of the 

platform 13 and the upper side of the movable plate 52 
in the manner above described, and this particular dia 
phragm is provided with an ori?ce tube 56 valved as at 
57 at one side, and an ori?ce tube 58 valved as at 59 
on the opposite side, but it will be noted that the ori?ce 
tube 58 does not extend through the casing wall. This 
diaphragm de?nes a heart chamber 60 which for purposes 
of comparison may be assumed to correspond to the right 
auricle of the natural heart and the ori?ce tube 56 may 
be assumed to be properly connected with the superior 
and inferior vena cava and so admits blood from the 
body to the heart chamber 60. 

Another diaphragm 61 is attached to the underside 
of the movable plate 52, and the upper side of the ?xed 
plate 53. This diaphragm is provided with an ori?ce tube 
62 extending through the casing wall and valved inside 
the casing as at 63, and on the opposite side with an 
ori?ce tube 64 valved as at 65 inside the casing. This 
diaphragm 61 de?nes a heart chamber 66 which may be 
said to correspond to the left ventricle of the natural 
heart with the ori?ce tube 62 being connected to the 
aorta to deliver blood from the chamber 66 to the body. 
A third diaphragm 67 is secured to the underside of 

the ?xed plate 53 and the upper side of the movable plate 
54, and this diaphragm is provided with an ori?ce tube 68 
at one side, valved as indicated at 69, and at the other 
side with an ori?ce tube 76 which is not valved, but 
which is preferably integral with the ori?ce tube 64 of 
the diaphragm 61, as clearly seen in the right hand lower 
portion of Fig. 5. Thus, in effect, the diaphragms 61 
and 67 are of substantially one integral construction with 
the connection by way of the ori?ce tubes 64 and 70, 
although these diaphragms might be more practically 
made separate, and the connection established between 
the ori?ce tubes 64 and 76 after construction of the dia 
phragms. This diaphragm 67 de?nes a heart chamber 
71 which may be said to correspond to the left auricle of 
the naturai heart, and the ori?ce tube 68 may be con 
nected to the pulmonary vein to return blood from the 
lungs to the chamber. 71. 
A fourth diaphragm 72 is attached to the underside of 

the movable plate 54, and also to the inside of the adja 
cent casing wall. This diaphragm is provided with an 
ori?ce tube 73 valved as at 74, and on the other side 
with an ori?ce tube 75 having no valve, but which is 
preferably secured to the inside of the casing wall and 
connects directly with the ori?ce tube 58 of the dia 
phragm 55, inside the casing. This diaphragm “72 de~ 
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‘cycle of operation. 

?nes a heart chamber 77 which corresponds with the 
right ventricle of the natural heart, and the ori?ce tube 
73 may be connected to the pulmonary artery of the body 
to deliver blood from the chamber 77 to the lungs. 

In order to actuate the valves 57, 63, 69, and 74, the 
link 46 operated by the cam wheel 35 is connected with 
a valve actuating bar 78 and from that bar a pair of 
rods 79~79 depend, these rods carrying in the proper 
location other valve actuating bars 80, 81 and 82 for the 
valves 63, 69 and 74, respectively. Suitable transverse 
supporting elements 83 and 84 may be provided through 
which the rods 79—79 freely pass, and it is to be pre 
sumed that the respective valves are ?xedly secured to 
the respective valve actuating bars, and the adjacent sides 
of the respective diaphragms are secured to the support 
ing members 83 and 84, as explained in connection with 
the ?rst modi?cation of the invention. 

For the valves 59 and 65 at the opposite side of the 
construction, the link 49 is connected to a valve actuating 
bar 85 from which a pair of rods 86 depend and are 
connected to a second valve actuator bar 87 for the valve 
65. Here again suitable transverse supporting members 
83 and 89 are disposed at judicious locations and con— 
nected to the walls of the casing. 

In operation this form of the invention is as simple, 
and equally as positive as the form previously described. 
Looking now at Fig. 5, it will be seen that the chambers 
66 and ‘77 are substantially compressed, while the cham 
bers 6!} and 71 are expanded. This particular situation 
may be said to correspond to the ventricular systole and 
auricular diastole of the natural heart. At this point, 
blood has been expelled through the ori?ce tube 73 t0 
the lungs, and blood has been returned through the 
ori?ce tube 68 from the lungs into the chamber 71 cor 
responding to the left auricle of the natural heart; also, 
blood has been expelled from the chamber 66 (the left 
ventricle) through the ori?ce tube 62 to the body, and 
blood has been returned from the body through the 
ori?ce tube 56 into the chamber 66 corresponding to the 
right auricle of the natural heart. Valves 5? and 65 have 
been held closed during this operation period. Upon 
the return movement of the rods 19a-19a, however, the 
chamber 77 will be expanded and the chamber 71 com 
pressed, and the chamber 66 will be expanded while the 
chamber 60 is compressed. During this operation, all 
the valves 57, 63, 69 and '74 will be closed, but the 
valves 59 and 65 on the opposite side of the structure 
will be opened. During this operation blood will be 
transferred from the chamber 60 or right auricle through 
the open valve 59 and cross connection 76 into the cham 
ber 77 or right ventricle; and blood will be transferred 
from the chamber 71 through the open valve 65 into the 
chamber 66 for delivery to the body upon the next half 

The movement which is the reverse 
of the position of the parts seen in Fig. 5 might then 
be said to correspond to the auricular systole and ventric 
ular diastole of the natural heart. Thus, it. can be seen 
that during one portion of the cycle, blood is moved 
simultaneously from the mechanical heart to the lungs 
and to the body of the user from the chambers corres 
ponding to the right ventricle and left ventricle of the 
natural heart, respectively, and returned from the lungs 
and‘ from the body to the chambers corresponding to 
the left auricle and right auricle, respectively. During 
the subsequent part of the cycle, the ori?ce tubes leading 
to the lungs and body are closed off, and blood is trans 
ferred from the auricular heart chambers to the respective 
ventricular heart chambers. It will be seen, therefore, 
that the operation of this form of mechanical heart is 
substantially the same as the operation of the natural 
heart it has replaced. _ . , 

Other than the differences speci?cally set forth here 
inabove, the structure, mounting, power connections, etc., 
of the ‘four chambered heart is the same as the pre 
viously described two chambered heart. I i , 
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From the foregoing, it is apparent that we have pro 
vided a mechanical heart of simple operation, positive 
action, small size, and long durability which may be 
effectively mounted in the chest of a patient in lieu of 
and as a substitute for a removed natural heart. The 
mechanical or arti?cial heart duplicates to a more than 
satisfactory extent the previous operation of the natural 
heart, and should prolong the life span of a heart victim 
inde?nitely, at the same time permitting the patient to 
become de?nitely ambulatory to a far greater extent 
than was theretofore possible. It will further be noted 
that by judicious adjustment of the speed of the motor 
of the arti?cial heart, some positive control can be 
'elfected over the body blood pressure whici in some cases. 
may be highly desirable and extremely bene?cial to the 
‘patient. Further, the mechanical heart may obviously 
be manufactured at a reasonably economical ?gure and 
may be installed in the body of a patient with reasonable 
speed by a surgeon of substantially moderate skill and 
experience. 

It will be understood that modi?cations and variations 
may be effected without departing from the scope of the 
novel concepts of the present invention. 

‘We claim as our invention: 
1. A mechanical heart to act as a permanent substitute 

for a natural heart, comprising a casing of a size to ?t 
within the chest cavity of a human after removal of the 
natural heart, pumping mechanism in said casing to cir 
culate blood in simulation of the natural heart, tubes ex 
tending through the owing for connection to natural 
blood vessels and having valve associated there 
with and with the pumping mechanism for controlling the 
?ow of blood, drive means in said casing to actuate 
‘said pumping mechanism, power supply means for said 
drive means connected thereto through said casing, and 
said casing being fully closed and also sealed around 
said tubes and power connection. 

2. A mechanical heart to act as a permanent sub~ 
stitute for a natural heart, comprising a casing of a size 
to fit Within the chest cavity of a human after removal 
of the natural heart, pumping mechanism in said casing 
to circulate blood in simulation of the natural heart, 
‘tubes extending through the casing for connection to 
natural blood vessels and having valve means associated 
therewith and with the pumping mechanism for con 
trolling the flow of blood, and drive means in said casing 
to actuate said pumping mechanism, power supply means 
for said drive means connected thereto through said cas 
ing, and said casing being fully closed and also sealed 
around said tubes and power connection, said mechanism 
inclu 'ng means ing separate heart chambers and 
r ' s to successively decrease and enlarge the eifective 
s .. i said chambers to successively pump blood from 
and admit blood to said chambers in predetermined order. 

3. A mechanical heart as de?ned in claim 2 including 
valve actuating mechanism arranged for quickly opening 
and closing said valve means and maintaining the valve 
means in either position a longer time. 

4. A mechanical heart to act as a permanent substitute 
for a natural heart, comprising a casing of a size to ?t 
within the chest cavity of a human after removal of the 
natural heart, pumping mechanism in said casing to cir 
culate blood in simulation of the natural heart, tubes ex 
tending through the casing for connection to natural blood 
vessels and having valve means associated therewith and 
vwith the pumping mechanism for controlling the ?ow of 
blood, and drive means said casing to actuate said 
pumping mechanism, power supply means for said drive 
means connected thereto through said casing, and said 
casing being fully closed and also sealed around said tubes 
and power connection, said drive means comprising an 
electric motor and said power supply means comprising 
electric wires leading to a power source externally of the 
‘human within whom the mechanical heart serves as a 
substitute heart. 
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5. A mechanical heart to act as a permanent substitute 

for a natural heart, comprising a casing of a size to ?t 
within the chest cavity of a human after removal of the 
natural heart, pumping mechanism in said casing to cir 
culate blood in simulation of the natural heart, tubes 
extending through the casing for connection to natural 
lood vessels and having valve means associated there 

with and with the pumping mechanism for controlling 
the ?ow of blood, drive means in said casing to actuate 
said pumping mechanism, power supply means for .said 
drive means connected thereto through said casing, said 
casing being fully closed and also sealed around said 
tubes and power connection, and control means to vary 
the speed of said drive means in proportion to the activ 
ity of the human carrying the mechanical heart as a 
substitute. 

6. A mechanical heart as de?ned in claim 5, wherein 
said control means includes a control box arranged to 
be worn externally by said human for ready access 
‘thereto. 

7. A mechanical heart to act as a permanent ‘sub 
stitute for a natural heart, comprising a casing of a size 
to ?t within the chest cavity of a human after removal 
of the natural heart, pumping mechanism in said casing 
to circulate blood in simulation of the natural heart, 
tubes extending through the casing for connection to 
natural blood vessels and having valve means associated 
therewith and with the pumping mechanism for control~ 
ling the ?ow or" blood, and drive means in said casing 
to actuate said pumping mechanism, power supply means 
for said drive means connected thereto through said cas 
ing, and said casing being fully closed and also sealed 
around said tubes and power connection, said power 
supply means including conductive means of substantial 
length and arranged to exit from the body of the human 
at a point remote from said casing with a source of 
power connected thereto and arranged to be worn on the 
body of the human adjacent to said remote point. 

8. A mechanical heart to act as a permanent sub~ 
stitute for a natural heart, comprising a casing of a size 
‘to ?t within the chest cavity of a human after removal 
of the natural heart, pumping mechanism in said casing 
to circulate blood in simulation of the natural heart, 
tubes extending through the casing for connection to 
natural blood vessels and having valve means associated 
therewith and with the pumping mechanism for control 
ling the ?ow of blood, and drive means in said casing 
to actuate said pumping mechanism, power supply 
means for said drive means connected thereto through 
said casing, and said casing being fully closed and also 
sealed around said tubes and power connection, said 
pumping mechanism including a plurality of diaphragms 
de?ning heart chambers and said tubes being integral 
with the respective diaphragms. 

9. A mechanical heart to act as a permanent substitute 
for a natural heart, comprising a casing of a size to ?t 
within the chest cavity of a human after removal of the 
natural heart, pumping mechanism in said casing to cir 
culate blood in simulation of the natural heart, tubes 
extending through the casing for connection to natural 
blood vessels and having valve means associated there 
with and with the pumping mechanism for controlling 
the flow of blood, and drive means in said casing to 
.ctuate said pumping mechanism, power supply means 
for said drive means connected thereto through said cas 
ing and said casing being fully closed also sealed 
around said tubes and power connection, said casing hav 
ing a ?uid under balanced pressure with the body ?uid 
of the human and sealed within the casing outside of said 
pumping mechanism. 

10. A mechanical heart to act as a permanent sub 
stitute for a natural heart, comprising a casing of a‘size 
to ?t within the chest cavity of a human after ‘removal 
of the natural heart, pumping mechanism in said casing 
to circulate blood in simulation of the natural heart, 
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tubes extending through the casing for connection to 
natural blood vessels and having valve means associated 
therewith and with the pumping mechanism for control 
ling the ?ow of blood, and drive means in said casing to 
actuate said pumping mechanism, power supply means 
for said drive means connected thereto through said cas 
ing, and said casing being fully closed and also sealed 
around said tubes and power connection, said pumping 
mechanism comprising a plurality of diaphragms de?ning 
heart chambers in said casing with which tubes connect, 
said diaphragms being secured externally thereof to all 
?xed and moving surfaces which they contact inside said 
casing. 

11. A mechanical heart as de?ned in claim 8, wherein 
said diaphragms are marginally folded in the manner of 
the diaphragm of an accordion. 

12. A mechanical heart to act as a permanent sub 
stitute for a natural heart, comprising a casing of a size 
to ?t within the chest cavity of a human after removal of 
the natural heart, pumping mechanism in said casing to 
circulate blood in simulation of the natural heart, tubes 
extending through the casing for connection to natural 
blood Vessels and having valve means associated there 
with and with the pumping mechanism for controlling 
the flow of blood, and drive means in said casing to 
actuate said pumping mechanism, power supply means 
for said drive means connected thereto through said 
casing, and said casing being fully closed and also sealed 
around said tubes and power connection, said valve 
means including a corrugated valve formation on one 
side of each of said tubes and means to periodically 
close and open said tubes by compression and release of 
said valve formations. 

13. A mechanical heart as de?ned in claim 12 wherein 
said valve formations are integral with the respective 
tubes and thicker than the remainder of the respective 
tube. 
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14. A mechanical heart to act as a permanent sub 

stitute for a natural heart, comprising a casing of a size 
to ?t within the chest cavity of a human after removal 
of the natural heart, pumping mechanism in said casing 
to circulate blood in simulation of the natural heart, 
tubes extending through the casing for connection to 
natural blood vessels and having valve means associated 
therewith and with the pumping mechanism for con 
trolling the flow of blood, and drive means in said casing 
to actuate said pumping mechanism, power supply means 
for said drive means connected thereto through said 
casing, and said casing being fully closed and also sealed 
around said tubes and power connection, said drive 
means comprising an electric motor of the induction type 
mounted ?xedly within the casing and the power supply 
means including electric wires in an insulative conductor 
extending through a sealed opening through the casing 
and to a source of electrical energy externally of the 
body of the human, said pumping mechanism and said 
valve means including respective movable members driv 
ingly connected to said motor and operable in predeter 
mined sequential order. 
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