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The present invention relates in general to devices for 
pumping liquids and more particularly to a blood purap 
adapted to partially or completely replace the heart 
during surgical operations. 
The general object of the present invention is the 

provision of a surgical pump of the character described So 
constructed and designed as to imitate as closely as possi 
ble the action of a human heart, or more particularly the 
action of a ventricle of the human heart. 
A specific object of the present invention resides in 

the provision of a surgical pump which will have a suf 
ficient rate of flow to be able to replace, at least tempo 
rarily, the human heart during surgical operations. 
Yet another object of the present invention is the pro 

vision of surgical pump of the character described pro 
vided with valves similar in shape to the mitral or tri 
cuspid valves of a human heart and designed to pre 
vent damage to the blood cells. 

Still another important object of the present invention 
is the provision of a surgical pump of the character de 
scribed the working speed of which may be readily and 
very easily adjusted. 

Still another important object of the present invention 
is the provision of a Surgical pump in which means are 
provided for adjusting the pulse pressure of the blood 
being pumped that is, the difference between the systolic 
and diastolic pressures in the blood circulating system. 

Still another important object of the present invention 
is the provision of the surgical pump of the character 
described in which all the elements coming in direct 
contact with the blood being circulated, may be very 
easily disassembled and sterilized. 

Still another important object of the present invention 
is the provision of a surgical pump which, due to its 
simplicity of design and construction, will give a pro 
longed Service without any possibility of failure or in 
terruption during surgical operations. 
Yet another important object of the present invention 

is the provision of a surgical pump of the character de 
scribed the working volume of which is very small rela 
tively to the rate of flow of the pump, thereby requir 
ing only a small amount of trausfusion blood for use 
in conjunction therewith. 
The foregoing and other important objects of the 

present invention will become more apparent during the 
following disclosure and by referring to the drawings in 
which: 

Figure 1 is a perspective view of the casing housing 
the pump according to the present invention; 

Figure 2 is a longitudinal Section of the pump; 
Figure 3 is a schematic view of the pump electric cir 

cuit and of one manner of connecting the pump to a 
human heart; 

Figure 4 is a cross-section through the magnetic arma 
ture of the pump; 

Figure 5 is a fractional longitudinal section of a 
bellows and an elevation of an associated check valve; 
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Figure 6 is an end view of the check valve; 
Figure 7 is a cross-section of the check valve taken 

through the lips thereof; 
Figure 8 is an enlarged fractional section of one pair 

of lips shown in closed position; and 
Figure 9 is a section similar to that of Figure 8 showing 

the lips in open position. 
Referring now more particularly to the drawings in 

which like reference characters indicate like elements 
throughout, the pump, according to the invention, is 
preferably housed within the casing, generally indi 
cated at , and provided with a panel 2 mounting three 
knobs 3, 4 and 5 and three switch levers 6, 7 and 8. The 
knob 3 serves to adjust the rate of pulsating of the 
pump, the knobs 4 and 5 are respectively a coarse and a 
fine adjustment of the pulse pressure of the circulating 
fluid. The switch 6 controls the operation of the rotary 
contactor device, the switch 7 controls the filaments of 
the rectifying tubes and the switch 8 controls the solenoid 
circuits of the medical pump. 
The casing 1 is furthermore provided with a manometer 

9 for indicating the pressure of the circulated blood. A 
cover 10, hinged at 10' may be opened for removing 
the pump assembly housed within casing il. The numeral 
1 indicates an electric cord for supplying electric cur 

rent to the pump, while the numeral 2 indicates one of 
the tubes connecting the pump to the heart of the person 
or animal being operated on. 

Figure 2 shows the pump itself. The numeral 14 de 
notes an oil reservoir constituted by a housing preferably 
of rectangular shape and made of metal. An oil filling 
opening 15 is made in the top 8 of reservoir 14 and is 
ormally closed by a threaded plug 16 engaging a collar 
7 secured to the top 8. An electric stirrer 19 is 
mounted on the plug 6 and comprises an electric motor 
28 secured to the plug 56 by means of bolts 21, said 
motor having a driving shaft 22 passing through the plug 
E6 and mounting a propeller 23 immersed in the oil 24 
for circulating the latter around the pump solenoids in 
Crder to maintain the oil bath at a uniform temperature 
throughout. 
The oil temperature is regulated by means of a water 

circulation system comprising the coil pipe 26 passing 
through the oil reservoir 4. 
The two end walls 25 of the reservoir 14 are recessed 

inwardly in their middle portion to form frustoconical 
cavities 27 apertured to receive a rigid straight tube 28 
made of nonmagnetic material and extending longi 
tudinally through the reservoir 14. The tube 28 and walls 
25 are welded at their points of contact 29 to make leak 
proof joints. Three solenoids 30, 31 and 32 are wound 
around the tube 28 inside the oil reservoir 14 and are 
Separated from each other by discs 33 of insulating ma 
terial. The solenoid 30 is evenly wound while the wind 
ings of both solenoids 3 and 32 are deeper towards the 
right hand side of said solenoids as viewed from Figure 
2, in order to increase the magnetic field acting on the 
armtaure 34 as the latter moves towards the right hand 
side of the tube 28. 
Two coaxial intercommunicating vessels or belows 35 

and 36 are mounted in tube 28. They are preferably 
made of natural ribber and have imbedded therein rein 
forcing threads 37 and 38 disposed circumferentially of 
the bellows portions of maximum and minimum diame 
ter, respectively. The armature 34 is secured to the inner 
ends of Said belows and is slidable in tube 28, while the 
outer ends of the bellows are fixed with respect to said 
tube. 
The tube 28 projects at both ends within the recesses 

27 and nipples 39 and 43 are respectively secured to said 
projecting ends by means of unions 4 and 42. On the 
-outer ends of the nippies 39 and 42 are threadedly secured 
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caps 43 and 4.3 respectively having bores coaxial with the 
tube 28 to receive the glass tubes 45 and 46 respectively. 
The inlet and outlet fiexible tubes 2 and 48 are re 

spectively secured to the outer projecting ends of the 
tubes 45 and 46. Rubber bands 69 and 50 surround the 
abutting ends of the tube 2 and cap 43, and of the tube 
48 and cap 44 respectively. 
A rubber band 52 tightly surrounds the inner project 

ing end of the glass tube 45 in order to prevent removal 
of said tube 45 through cap 43. Similarly the inner pro 
jecting end of glass tube 46 is provided with an enclos 
ing rubber sleeve 54 serving to prevent removal of said 
tube through the cap 44. The outer tubular end 55 of the 
bellows 36 frictionally engages the rubber band 54 and 
abuts against the cap 44, while the outer tubular end 53 of 
bellows 35 frictionally engages the sleeve portion of check 
valve 52 which is in turn inserted over the rubber band 5. 
on glass tube 45. 
The communicating ends of the bellows 35 and 36 

form abutting tubular portions 56 and 57 which extend 
within the cylindrical armature 34 and are in contact with 
the inner face thereof. A check valve 58 has a tubular 
portion extending within the armature 54 and contacting 
the tubular portions 56 and 57 of the bellows 35 and 36. 
A thick rubber sleeve 59 is inserted within the tubular 
portion of the check valve 58 and exerts an outward ra 
dial pressure against the inner face of the armature 34 
thereby preventing disengagement of the bellows from 
said armature. 
As shown in Figure 4, the armature 34 is made of 

two semi-cylindrical sections 60 and 61 having rabbeted 
ends 62 adapted to receive a retaining band 63, shown 
in Figure 2. The lower cylindrical portion 6 is pro 
vided with a longitudinal groove 64 to permit air pas 
sage from one side of the armature to the other during 
its reciprocal back and forth movement within tube 28. 
The construction of the armature 34 permits disassembly 
of the bellows and the check valves for sterilization or 
repairs. 
The two check valves 52 and 58 are similar in construc 

tion and are illustrated in more detail in Figures 5 to 9. 
The tubular portion of said check valves is termi 

nated at one end by a conical part 65, the apex 66 
of which points in the direction of flow of the blocd 
within the pump. Said conical part 65 is provided with 
three equally spaced longitudinally extending slits 67 
each defined by a pair of lips 68 each of which forms an 
integral outward longitudinal projection of the conical 
part 65. The inner face 69 of each lip 68 of a pair is 
Substantially flat to contact each other over a substan 
tial area, as shown in Figure 8, when said lips are in 
closed position. The lips are outwardly tapered to form 
a thin free edge 70 and they are normally urged in closed 
position due to the resiliency of the rubber from which 
they are made. It will be noted that the shape of the lips 
68 is similar to the shape of the lips of the mitral or tri 
cuspid valves of a human heart. Due to the relatively 
large contact area between the lips 68 and consequently 
due to the limited pressure per unit area on said contact 
ing surfaces, the blood cells trapped between the lips 
when the latter are in closed position will not be 
damaged. 
From the foregoing description, the operation of the 

pump, according to the invention, will become apparent: 
Upon energization of the left solenoid 30, the armature 34 
will move to the left whereby the blood already in bel 
lows 35 will pass through check valve 58 into the right 
hand side bellows 36. During this return stroke corre 
sponding to the diastole of the human heart, there is no 
blood actually discharged through the outlet tube 48, and 
the blood is prevented from flowing back into inlet tube 
12 because the pressure is acting in a direction to close the 
check valve 52. 
Upon simultaneous energization of the solenoids 31 
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4. 
and 32, the armature 34 is displaced towards the out 
let tube 48 thereby pumping out the blood inside bellows 
36 and at the same time creating a suction within bellows 
35 to admit blood therein through the inlet tube 12 and 
check valve 52. During this compression stroke corre 
sponding to the systole of a human heart, the check valve 
is closed. 

Figure 3 shows a manner of connecting the Surgical 
pump to a human heart in which case the blood is in a 
large part derived from the heart through the pump and 
through an artificial lung schematically shown at B. 
The inlet tube 12 is connected to the inferior vena cava 
C while the outlet tube 48 passes through the lung B 
and is connected to the arch of the aorta at 47. 
Of course other types of connection may be effected, 

for instance, the inlet tube 12 may be connected to one 
of the pulmonary veins D, in which case no artificial lung 
would be required. 

Figure 3 shows also a preferred manner of energizing 
the solenoids 30, 31, 32. The electric cord 11, shown in 
Figure 1, is connected to a supply of alternating current 
and may be provided with a main switch 71. An electric 
motor 72 is connected to the cord 11 and its driving shaft 
has a worm meshing with a worm wheel 73 driving a 
rotary contactor 74 at a speed which may be adjusted by 
the knob 3 on the panel 2 of the housing 1, as shown in 
Figure 1, which controls a governor 75 secured to the 
motor 72. The outer surface of the contactor 74 is made 
of electric conducting material except for two longitudinal 
side strips 76 and 77 respectively extending on opposite 
portions of the contactor for an arc of approximately 
150 and 210, and corresponding to the respective du 
ration of energization of the return stroke solenoid 30 
and of the compression stroke solenoids 31 and 32. 
Stationary contacts 73, 79 and 80 are respectively mount 
ed to contact the middle portion and each side of the 
rotary contactor 74 so that the middle contact 78 will 
always be electrically connected to said contactor 74 while 
the contact 79 will be disconnected when contacting the 
insulating strip 76 and the contact 80 will be disconnected 
when passing over insulating strip 77. 
The electric cord 11 feeds a double transformer 81, 

the primary winding 82 of which is connected in series 
with a rheostat 83 for varying the voltage across the same. 
One terminal of the winding 84 of said transformer is 
connected to the terminals 85, 36 and 87 of the solenoids 
30, 31 and 32 respectively and also to contact 78 of the 
rotary contactor 74. The other terminal of the secondary 
winding 84 is connected through switch 7 to the anodes 
of the rectifying tubes 88 and 89 and also to one terminal 
of the windings of relays 90 and 91. The other terminals 
of said relays are respectively connected to the contacts 
79 and 80. 
The other secondary winding 92 of the transformer 81 

is connected through switch 8 to the filaments of the 
rectifying tubes 83 and 89 for energizing the same. 
The second terminal 95 of the solenoid 30 is connected 

to the cathode of the rectifying tube 89 by passing through 
the armature 96 of the relay 90. Similarly, the second 
terminals 97 and 98 of Solenoids 31 and 32 are connected 
to the cathode of the rectifying tube 88 by passing through 
armature 99 of the relay 9. 
The rectifying tube 83 has a grid 100 positively biased 

by means of the battery 10 and rheostat 102. 
The rheostat 33 is controlled by knob 4 of panel 2 of 

the pump casing 1 and serves as a coarse adjustment of 
the intensity of energization of the solenoids 30, 31 and 
32, while the rheostat :02, controlled by knob 5 shown 
in Figure 1, serves as a fine adjustment of the current 
passing through the solenoids 3A and 32. 

In the position of the rotary contactor 74 shown in 
Figure 3, solenoid 30 is de-energized while the solenoids 
3 and 32 are energized through the following circuit: 
terminals 36, 37, secondary winding 84, switch 7, tube 
88, relay armature 99 and terminals 98 and 97. The 
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relay 9 is maintained in circuit closing position by the 
circuit; secondary winding 84, relay 91, contact 80, rotary 
contactor 74, contact 78 and secondary winding 84. 
When the rotary contactor 74 has turned through a 

certain angle from the position shown in Figure 3, tha 
electrical connection between contacts 80 and 78 is broken 
de-energizing solencids 3i and 32, and electrical con 
nection between contacts 73 and 79 is estabiished there 
by energizing the relay 90 which closes relay armature 96 
and therefore closes the energizing circuit of solenoid 30 
through rectifying tube 89. 

From the above described arrangement it will be seen 
that the energization of the two groups of solencids is 
effected alteraately, corresponding to the compression and 
return strokes of the pump. 
The pressure exerted by said pump may be controlled 

by rheostats 83 and 102, and is indicated on nanomeier 
9 connected to the outlet tube 48. 
The speed of the pump pulsations is easily controlled 

by the governor 75 of the motor 72 through the means of 
the knob 3. 

in the embodiment described, the solenoid 30 is wound 
in a direction opposite to the direction of winding of 
solenoids 3 and 32 so as to produce a magnetic field 
causing the return stroke of armature 34. 

it should be noted that the distance travelled by the 
Soft iron armature 34 does not need to be of great length 
to pump the blood at a rate of flow equal to that of the 
human heart. In practice the armature 34 will move 
from its center position, shown in Figure 2, in the middle 
of solenoid 3i to a right limit position across solenoids 35 
and 32 due to the taper of said solenoids, and will re 
turn to a left limit position substantially in the middle of 
solenoid 30. 

In order to obtain frictionless working of the bellows 
35 and 36 and of armature 34 within tube 38, the latter 
may be lubricated by a suitable powdered lubricant such 
as talc powder. 
While a preferred embodiment according to the pres 

ent invention has been illustrated and described, it is 
understood that various modifications may be resorted to 
without departing from the spirit and scope of the 
appended claims. 

claim: . 
1. A Surgical pump comprising a tube of nonmagnetic 

material, at least two solenoids wound around said tube 
longitudinally of said tube, electrical means for alter 
nately energizing said solenoids during unequal periods 
of time to create a magnetic field through said tube al 
ternating for unequal periods of time from one portion 
of said tube to another portion of said tube, two bel 
lows disposed within said tube having their outer ends 
secured to the outer ends of said tube and having their 
inner ends in communication with each other, a cylin 
drical armature of magnetic material secured around 
the communicating ends of said bellows and slidable 
back and forth within said tube under the action of said 
alternating magnetic field, a check valve secured within 
said bellows adjacent their communicating ends and a 
second check valve secured near one of said outer ends of 
said tube and disposed within the corresponding end of 
one of said bellows, said check valves being oriented to 
permit circulation of liquid from said last to said first 
mentioned check valve and to prevent circulation of said 
liquid in the reverse direction, a housing surrounding said 
solenoids and secured to said tube, a liquid bath in said 
housing, in which said tube and solenoids are immersed 
and means to maintain said liquid bath at a constant 
temperature. 

2. A pump as claimed in claim 1, wherein the winding 
of at least one of said solenoids has a number of revolu 
tions per unit length of said one solenoid which is in 
creasing towards one end of said one solenoid. 
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3. A surgical pump comprising a casing provided with 

open ends, two coaxial fluid receiving bellows disposed 
within said casing, communicating with each other at one 
end and having their other outer ends fixed to the open 
ends of said casing to provide for fluid flow, an armature 
made of magnetic material secured to and surrounding 
said communicating ends of said bellows, at least two 
solenoids spacedly wound around said bellows and co 
axial therewith, an electric supply circuit for each of said 
Solenoids, contactor means in each of said circuits, means 
to close said contactor means alternately and for unequal 
periods of time whereby said solenoids will be energized 
for unequal periods of time and will generate a magnetic 
field displacing said armature back and forth, and two 
check valves disposed within said bellows, one of which 
is secured near the fixed end of one of the bellows and 
the other is secured to the communicating ends of said 
bellows, both said check valves being oriented to block 
fluid circulation from said last named valve to said first 
named valve and to permit circulation of said fluid in the 
reverse direction. 

4. A pump as claimed in claim 3, wherein said check 
valves consist of a sleeve of elastic material forming a 
closed conical portion at one end, said conical portion 
having longitudinal slits and lips extending on each side 
of said slits, said lips having an inner surface adapted to 
contact with each other to close said slits. 

5. A surgical pump comprising a casing provided with 
two open ends, two coaxial liquid receiving bellows dis 
posed within said casing in axial alignment, communi 
cating with each other at one end and having their other 
outer ends fixed to the open ends of said casing to provide 
for fluid flow, two check valves disposed within said bel 
lows, one of which is secured near the fixed end of one 
of the bellows and the other is secured to the communi 
cating ends of said bellows, both said check valves being 
oriented to block fluid circulation from said last named 
valve to said first named valve and to permit circulation 
of said fluid in the reverse direction, a cylindrical arma 
ture made of magnetic material secured to and surround 
ing said communicating ends of said bellows, and slidable 
within said casing, two groups of solenoids wound around 
said casing longitudinally thereof, one group of said 
solenoids creating a magnetic field to displace the arma 

5 ture in a direction to cause the compression stroke of 
said pump and the other group of said solenoids creating 
a magnetic field to displace the armature in the reverse 
direction corresponding to the return stroke of said pump, 
electric supply circuits connected to said respective groups 
of solenoids, contactor means in each of said circuits, and 
means to close said contactor means alternately and for 
unequal periods of time, said last named means closing 
the contactor means of the circuit of said one group of 
solenoids for a longer time than the contactor means of 

5 the circuit of said other group of solenoids whereby the 
compression stroke of said pump will last longer than 
the return stroke of said pump. 

6. A pump as claimed in claim 5 including means to 
adjust the speed of operation of said closing means to 
thereby adjust the speed of the reciprocable back and 
forth movement of said armature. 
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