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ABSTRACT OF THE DISCLOSURE 
An intracorporal blood-circulation pump having one 

or more pouches with a rotary shaft, contained entirely 
inside the body and driven by a rotating magnetic field 
transmission system outside the body, acting through a 
motion conversion device to alternate a member that 
drives another device which acts on the outer wall of 
each pouch to compress and release same, the transmis 
sion system comprising driving and driven rotors re 
spectively enclosed in two casings which are adapted to 
interlock while leaving a cylindrical clearance therebe 
tWeen. 

wamy...." samps 

This invention relates to intracorporal pumps for the 
purpose of assisting or replacing the heart either tempo 
rarily or permanently. 

Intracorporal blood-circulation pumps comprise one or 
a number of pouches which are connected into the circu 
lation System; the contraction of said pouches effects the 
expulsion of blood whilst the expansion produces suction 
of blood. The deformation of said pouches (contraction 
and expansion) has been obtained in prior art by a num 
ber of different means, among which can be mentioned 
the injection of compressed air, hydraulic transmission 
of the pressure exerted by diaphragms actuated by elec 
tromagnets, the action of a pendulum. 

These known solutions are relatively complex and do 
not provide a satisfactory answer to the difficult prob 
lem of Supplying energy to an intracorporal pump which 
continuously utilizes a power of the order of several watts. 
In view of the fact that the removal of heat dissipated 
in the body sets a problem which is very difficult to 
Solve in the present state of the art, all expedients en 
tailing the use of an intracorporal motor having a rela 
tively low output such as an electric motor serve very 
little practical purpose. In point of fact, the known solu 
tions comprising an extracorporal motor of the type which 
is associated, for example, with a pneumatic transmission 
system entail perforation of the skin tissue. 

Accordingly it is an object of the present invention to 
provide wholly mechanical means for deforming the 
pouch, said means being particularly simple and designed 
in addition to permit of operation by means of an extra 
corporal source of power, without any passage of wires or 
tubes through the skin tissue. 

It is another object of the present invention to provide 
a heart assistance pump including a rotary shaft entirely 
contained inside the body and acting through the inter 
mediary of a simple motion conversion device so as to 
initiate the alternating translational motion of a member 
which is in turn adapted to drive a device for producing 
action on the outer wall of the pouch in such manner as 
to compress and release said pouch in alternate sequence. 

In accordance with a preferred embodiment of the in 
vention, the drive to the rotary intracorporal shaft is ef 
fected from an extracorporal source of power by means 
of a rotating magnetic field transmission system. 
A better understanding of the invention will be gained 
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from the description which now follows, reference being 
made to the accompanying drawings, in which: 

FIGS. 1 and 2 are diagrammatic views looking in a 
profile direction and frontal direction respectively and 
showing a blood-circulation pump in accordance with a 
preferred embodiment of the invention; 

FIG. 3 is a longitudinal sectional view of a heart assist 
ance pump in accordance with a second embodiment ex 
ecution, in the diastole position, as well as the power 
generator and transmitter which are associated therewith; 

FIG. 4 is a sectional view of the power transmitter, 
this view being taken along the line A-A of FIG. 3; 

FIG. 5 is a partial view of said pump in the systole 
position; 

FIG. 6 is a longitudinal sectional view of a heart assist 
ance pump in accordance with an alternative to the em 
bodiment shown in FIGS. 1 and 2; 

FIG. 7 is a sectional view showing a detail of the de 
vice of FIG. 6; 

FIG. 8 shows in the systole position the pump which 
is shown in FIG. 6 in the diastole position; and 

FIG. 9 is a diagrammatic view of a pump in accord 
ance with the invention in which said pump is mounted as 
a left ventricular bypass. 
The pump which is shown in FIGS. 1 and 2 is intended 

to deform periodically a flexible pouch 1 which is intended 
to be connected by means of its inlet orifice 2 and out 
let orifice 3 to natural or artificial organs for the purpose 
of establishing an intracorporal blood circulation. 
The flexible pouch. 1 or artificial ventricle is for in 

stance fabricated of inert plastic and compatible with the 
blood, or even of animal or human tissue. 
The above mentioned pouch is contained in a rigid cas 

ing 4 formed of a material which is tolerated by the body 
and attached at 5 to said casing in such a manner that the 
tractive forces exerted on the lower end of the pouch for 
the purpose of deforming this latter are not transmitted 
to the connection which is provided at 3. In fact, it is 
highly desirable to ensure that no stress is transmitted 
to the vein or artery which is joined to the pouch at 3. 
Moreover, the pouch is attached at several points to two 
flexible strips 16a and 16b, the mode of attachment 
adopted being similar to the method described in detail 
in reference to the alternative form of FIGS. 6 to 8. The 
design function of said flexible strips is to produce the 
contraction of the pouch until the systole position is 
reached as indicated diagrammatically in chain-dotted 
lines in FIG. 2 and to restore the pouch to the diastole 
position as shown in full lines in FIG. 2. 
The outlet orifice 3 is located at the upper end of the 

pouch and is substantially centered on the vertical axis of 
this latter, thereby permitting the possibility of propelling 
the blood current in the axis of the artificial ventricle as 
thus constituted and preventing any danger of vortices 
which would otherwise be liable to cause serious physio 
logical disturbances. 
The inlet orifice 2 is located on one of the two faces, 

namely the front face or rear face which are practically 
not subjected to any deformation during the deformation 
of the lateral faces 1a and 1b. 

There have been shown in the drawings ball valves 7 
and 6 respectively in the blood vessels which terminate 
in the above mentioned orifices. The device can be fitted 
with different types of valves, in particular valvulae which 
are taken either from an animal or human body or such 
valves may be dispensed with, depending on the applica 
tions which are contemplated. The different modes of con 
nection of the pump herein described and illustrated are 
within the capacity of anyone versed in the art and it 
would consequently be feasible to effect the association of 
pumps of the same type which perform respectively the 
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functions of the left heart and right heart. The two arti 
ficial ventricles will advantageously be coupled and con 
trolled by a common stem. 
One example of connection is illustrated in FIG. 9. 
The control of the deformation of the pouch in accord 

ance with a cycle which comprises a contraction (systole) 
and a relaxation (diastole) of suitable duration for the 
purpose of reproducing a cardiac revolution is obtained 
by means of a stem 8 (or equivalent member) which is 
driven in reciprocating translational motion by a cam 9 
(or other equivalent member) which is mounted on a 
rotating shaft 10. 

in the preferred embodiment shown in FIGS. 1 and 2, 
the shaft 10 is the output shaft of a reduction unit 12, the 
input shaft 13 of which is driven by means (not shown) 
at a speed of the order of 1,800 r.p.m., for example. A 
reduction in the ratio of 30:1 accordingly makes it pos 
sible to reduce the speed of rotation of the shaft 10 
to 60 r.p.m. 
The means adopted for the purpose of driving the shaft 

13 consist, for example, of an extracorporal electric mo 
tor associated with a synchronous magnetic coupling hav 
ing an extracorporal driving rotor and an intracorporal 
driven rotor, or alternatively, a synchronous motor having 
a stationary extracorporal winding and an intracorporal 
rotor which is preferably of the permanent magnet type. 
These solutions which are given without any implied 
limitation are nevertheless of particular interest by virtue 
of the fact that an intracorporal rotary shaft can thus be 
driven by means of an extracorporal power source at 
speeds of rotation which can be selected from a wide 
range and with particularly low intracorporal heat losses. 
The useful power is transmitted to the interior of the 
body at a relatively high speed, therefore by means of a 
device which can be of small overall size; and the shaft 
10 is driven at the desired speed by means of the reduc 
tion unit. 
One particularly advantageous embodiment of the 

power transmitter is shown in FIGS. 3 and 4 and will 
be described hereinafter. 

It will be readily apparent that any other system could 
be adopted for the purpose of driving the shaft 10 with 
out thereby departing from the scope of the invention. 
The means for converting a rotational movement to an 

alternating translational movement and for controlling the 
deformation of a pouch from said translational move 
ment can also permit of alternative forms of execution. 
The preferred form of execution which is illustrated 

in FIGS. 1 and 2 comprises the cam 9, two rollers 14 and 
15 which are carried by the stem 8 and with which the 
cam is adapted to cooperate, and two springs 16a and 16b, 
the lower ends of which are attached to the stem 8 and 
the upper ends of which are attached to the casing 4 
at 17a and 17b respectively. 

This form of execution calls for the use of a minimum 
number of parts and its very simplicity endows it with 
particularly reliable operation for a very long period of 
time. 
The rotation of the cam produces an alternating trans 

lational movement of the stem 8 in the downward direc 
tion, said stem being guided in this movement by means 
of bearings 18 and 19 contained in a rigid tube 20 which 
is integral with the casing 4. The tractive force exerted 
by the stem on the springs reduces the deflection of these 
latter. Inasmuch as said springs completely surround the 
lateral faces of the pouch, this latter is accordingly com 
pressed. As and when the stem 8 moves upwards, the 
springs expand and are accompanied in this motion by 
the lateral faces of the pouch which then returns com 
pletely to its maximum volume. 

In order to prevent any direct contact of the springs 
with the lateral faces of the pouch, provision is made for 
an elastic material which is interposed at 21a-21b so as to 
form a cushion. 
The cam profile can readily be determined so that the 
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4. 
ratio of the outgoing motion to the return motion of the 
stem and consequently the ratio of the duration of the 
diastole to the duratoin of the systole should have a suit 
able value. 
By way of alternative, the spings could be replaced by 

a link-rod system whereby components which closely con 
form to the shape of the lateral faces of the pouch are 
applied against this latter. 

In the second form of execution which is illustrated in 
FIGS. 3 to 5, the artificial deformable ventricle 22 has a 
cylindrical shape at the top portion thereof whilst a push 
plate 23 actuated by a control rod 24 is applied against 
the base of said ventricle. 
The control rod 24 is driven in alternating motion by 

a connecting-rod 25, the lower end of which is pivotally 
coupled to a crank 26. Said crank is rotatably mounted 
within a casing 27 which contains the motion conversion 
system and the artificial ventricle and is driven in rota 
tion by the output shaft 28 of a reduction-gear unit 29 
having a ratio of 30:1, for example. 
The input shaft 30 of the reduction-gear unit is driven, 

for example, at 1800 rp.m. by the mild-steel driven motor 
31 of a rotating magnetic field power transmitter. 
The power transmitter comprises a driving rotor 32 and 

associated permanent magnets 33 to 36 fitted with pole 
pieces 37 to 40 which define active air-gaps with the 
"teeth' 31a to 31d of the driven rotor (as shown in 
FIG. 4). 
The driving rotor is driven by the output shaft 41 of 

a direct-current electric motor 42. Said motor can be 
supplied from a portable generator such as a recharge 
able storage cell or else it can be connected to a mains 
supply point. A feeding wire 63 has been shown in 
FIG. 3. 
The motor 42 and the driving rotor are contained in 

an extracorporal casing 43, the front face 43a of which 
is so shaped as to permit the concentric engagement there 
in of the intracorporal transmitter casing 44 and houses 
a bearing 45 which supports the driving rotor. 
The intracorporal casing 44 also houses a bearing 46 

which supports the driven rotor. 
The skin P which is inserted between the concentric 

and interengaged cylindrical portions of the two casings 
43 and 44 is slightly deformed. A skin elevation of this 
kind is perfectly feasible and the synchronous magnetic 
coupling with a cylindrical active surface which is thus 
formed does not have any tendency to flatten the skin by 
compression by virtue of the fact that the resultant of the 
continuous forces of attraction between the two rotors is 
ZCO 

By reason of the synchronism of the magnetic coupling, 
the speed of rotation of the output shaft of the reduction 
unit is controlled in dependence on the speed of the motor. 
The speed of the internal elements can consequently be 
varied by modifying the supply voltage of the motor. 
The top edge of the pouch. 22 is inserted in the cover 

27d of the casing 27. Said casing is provided with an 
inlet orifice 47 in which is fitted a clapper-valve 48 and 
with an outlet orifice 49 in which is fitted a ball valve 
50. The ball 50 is retained by means of two or a number 
of arcuate members such as the member 51 which are re 
spectively disposed in planes at right angles to each other. 
Two ends 52 and 53 permit the connection of the pump 
to the patient's heart; as shown in FIG. 9, an admission 
tube which is connected to the pump at 52 is adapted to 
penetrate, for example, into the left auricle whilst an out 
let tube which is connected to the pump at 53 is con 
nected to the aorta. 
The intracorporal casing 44 is provided at its periphery 

with an annular flange 54 (as shown in FIGS. 3 and 6). 
Said flange is pierced by approximately ten holes (not 
shown) which are intended to permit of its attachment 
in the body. This attachment can be performed as follows: 
An incision is made for instance in the abdominal wall 

and the intracorporal casing is introduced within the sub 
cutaneous pouch which is thus formed; the casing can be 
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fastened to the muscle M by means of a number of nylon 
sutures, the skin incision being then closed up. The extra 
corporal casing 43 is then placed in position on the ab 
dominal wall and maintained, for example, by means of 
a waistcoat fitted with straps. 

In FIG. 6, the pouch 22 and the valves 48 and 50 are 
shown in the systole position. The volume of blood which 
is expelled at each pulsation may be of the order of 30 
to 80 cubic centimeters, according to the size of the arti 
ficial ventricle and will practically be independent of the 
pulsation frequency. 

There is also shown in FIG. 6 a pump of the same 
type as the one shown in FIGS. 1 and 2 but in which the 
motion conversion device is the same as in the Second 
form of execution, namely the embodiment of FIG. 3 
(the main components thereof are designated in FIG. 6 
by the same reference numerals as in FIG. 3 to which are 
assigned the index a). 

It is apparent that the flexible pouch or artificial ven 
ritcle 55 is attached by means of its top edge 56 to a 
member 57 which is integral with the rigid casing 58 and 
with the endpiece 53a: the lower ends of the springs 59 
and 60 are attached to the stem 24a whilst the upper 
ends of said springs are pivotally mounted in said mem 
ber 57. 
The walls of the pouch 55 are attached to the springs 

59 and 60 by means of nipple-shaped members 61, 62 
which are adapted to penetrate into elongated slots formed 
in said springs, as shown in FIG. 7. 
What is claimed is: - 
1. A heart assistance device including at least one arti 

ficial ventricle, said ventricle being made of resilient flex 
ible material and having an outer wall; means for con 
necting said ventricle into the circulation system; a Source 
of power; motor means supplied from said Source; a 
mechanical deformation device engaging said outer wall 
for periodically producing action on the said outer wall 
so as to compress and release said ventricle in alternate 
sequence and driving means operatively connecting said 
motor means to said mechanical deformation device, said 
driving means including a rotating shaft; a rotating mag 
netic field transmission system operatively connecting said 
rotating shift to said motor means, a mechanical trans 
mission member attached to said mechanical deforma 
tion device and a rotating to-alternating motion conver 
sion device connecting said mechanical deformation de 
vice to said transmission system member, said rotating 
magnetic field transmission system being a Synchronous 
magnetic coupling, including a driving rotor connected to 
said motor means and a driven rotor, a speed reducer 
connecting said driven rotor to said rotating shaft, a first 
casing lodging the driven rotor, the speed reducer, the 
rotating shaft, the motion conversion device, the me 
chanical transmission member, the mechanical deforma 
tion device and the ventricle, wherein the said rotors have 
concentric cylindrical facing surface portions, said casing 
has a substantially cylindrical portion in which the driven 
rotor is lodged, a further casing having a further substan 
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tially cylindrical portion in which the driving rotor is 
lodged, the said further substantially cylindrical portion 
having a substantially annular projection which is adapted 
for being concentrically arranged about the said substan 
tially cylindrical portion of said first casing, and radially 
spaced therefrom, whereby a clearance is provided for 
lodging a substantially cylindrical skin projection which 
is concentric with the rotating shaft and located between 
the said concentric cylindrical surface portions of the 
tWO rotorS. 

2. A heart assistance device as claimed in claim 1, 
wherein the said mechanical deformation device essentially 
consists of two flexible strips and means for rigidly attach 
ing said two flexible strips to the said ventricle respectively 
at opposite surface portions of the outer wall thereof, 
said mechanical transmission member essentially consist 
ing of a control rod having one end connected to said 
flexible strips. 

3. A heart assistance device as claimed in claim 2, 
wherein the said ventricle is an elongated pouch having a 
longitudinal plane of symmetry, said means for connecting 
the ventricle into the circulation system including an out 
let and an inlet, said outlet and the two flexible strips 
being substantially symmetrically arranged with respect 
to said plane of symmetry, said inlet being connected to 
the outer wall of the ventricle outside the said opposite 
surface portions thereof. 

4. A heart assistance device as claimed in claim 2, 
wherein the said flexible strips are pivotally mounted in 
the upper end portion of the casing. 
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