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ABSTRACT OF THE DISCLOSURE

This invention provides an improved system for remov-
ing, treating and infusing a2 human fluid which must be
prevented from clotting. Such system having a pumping
apparatus to maintain the flow of the human fluid at a
rate compatible with the natural body functions. The
flow of the fluid occurring exterior of the body from a
first removal position to a second infusion position. The
pumping apparatus has an elastic collapsible chamber to
hold a volume of the human fluid and compressing means
to compress the chamber to expel the human fluid there-
from. The improvement therein includes a source of an
anti-coagulant and a second elastic collapsible chamber
positioned adjacent to the elastic chamber to remove and
hold a volume of the anti-coagulant from its source. The
second chamber having an inherent elasticity to expel the
anti-coagulant when compressed and to create therein an
elastic force sufficient to inflate the chamber to cause a
pressure to induce flow thereinto and remove the anti-
coagulant solution from its source. The second chamber
has an outlet conduit which is connected at one end to
the discharge of the second chamber and at the other
end to the flow of the human fluid at the first removal
position. Means are provided to compress the second
chamber in a predetermined relationship to the compres-
sion of the first elastic chamber, and to cause the anti-
coagulant expelled from the second chamber to be injected
into the flow of the human fluid being removed into the
first elastic chamber.

BACKGROUND FOR THE INVENTION

This invention has particular application to the preven-
tion of the clotting of human fluids in extra-corporeal
flow. More particularly, it has particular application to
the injection of an anti-coagulant solution into the flow
of the human fluid as it is being removed from the body
to prevent clotting thereof. In the systems for transferring
human fluid outside the body as contemplated by the
present invention, it is generally necessary to safeguard
against any clotting which would obstruct the flow of the
body fluid. In systems for treating human fluids outside
the body, such as the system provided in the copending
application, Ser. No. 630,942, filed Apr. 14, 1967, there is
always a need for the assurance that the human fluid
will not clot during its flow outside of the body. In that
system a human fluid, such as lymph fluid, is removed
from the body at one position, and then it is treated to
have any impurities removed therefrom and eventually
is infused into the body at a second position. The flow
of the human fluid in the system is maintained by 2
pumping apparatus at a flow rate that is compatible with
the natural body functions at both the removal and in-
fused positions. However, even though due care is taken
in the control of the flow of the human fluid outside the
body, there is still the possibility that the fluid may clot.
The clotting of a human fluid outside the body or even
the obstruction of such must be prevented or some definite
harm will result to the body. In case of blood clotting,
death of the individual could easily result. Consequently,
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there has been a need for some means to prevent such
clotting of a human fluid in its transfer outside the body.
Such means are provided by the present invention, where-
by the clotting is prevented of a human fluid in its extra-
corporeal flow by the injection of an anti-coagulant in
the flow of the human fluid just as it is removed from the
body. The present invention assures that a human fluid
will not clot in its flow outside the body by means that
are safe and effective.

According to the present invention, such human fluids
as blood or lymph may be prevented from clotting by
the injection of an anti-coagulant solution, such as heparin,
into the flow of the fluid as it is removed from the body.
A common mixture which has proven to be effective is
about 50 milligrams of heparin and one liter of distilled
water. The concentration of the solution may be varied
as required. For example, in the dialysis of the lymph
fluid the amount of heparin required is very small, gen-
erally about 10 ml. per liter of lymph fluid produced
by the patient per day. Thus, if the patient is producing
3 liters of lymph fluid in twenty-four hours, he will re-
quire about 30 ml. of heparin solution added daily to his
lymph flow. It must be noted that the concentration and
the amount may be varied as required by the individual
whose lymph fluid is being treated.

The location of the injection of the anti-coagulant solu-
tion, i.e., heparin solution, should be as close as possible
to the exit of the human fluid from the body so that the
anti-coagulant is effective from the moment the human
fluid is removed from the body.

Also, it should be noted that it is necessary to inject
small quantities of the anti-coagulant solution continual-
ly, in a proportional flow rate to that of the human fluid.
Such is accomplished safely and effectively by the means
provided by this invention.

SUMMARY OF THE INVENTION

According to my invention, an improved system is pro-
vided for removing, treating, and infusing a human flaid
which must be prevented from clotting. Such system hav-
ing a pumping apparatus to maintain the flow of the hu-
man fluid at a rate compatible with the natural body func-
tions. The flow of the human fluid occurs outside of the
body from a first removal position to a second infusion
position. The pumping apparatus has an elastic collapsible
chamber to hold a volume of the human fluid and com-
pressing means to compress the elastic chamber to expel
the human fluid therefrom. The improvement in the sys-
tem comprises a source of an anti-coagulant solution and
a second elastic collapsible chamber to remove and hold
a volume of the anti-coagulant from its source. The sec-
ond chamber has an inherent elasticity to expel the anti-
coagulant when compressed and to create therein an elastic
force sufficient to inflate the chamber to cause a pressure
to induce flow thereinto and remove the anti-coagulant
from its source. Extended from the outlet of the second
chamber is a conduit having one end connected to the
discharge of the second chamber and the other end con-
nected to the flow of the human fluid at the first removal
position. Means are provided to compress the second
chamber in a predetermined relationship to the compres-
sion of the first elastic chamber., Means are also pro-
vided to cause the anti-coagulant expelled from the sec-
ond chamber to be injected into the flow of the human
fluid being removed into the first elastic chamber.

According to another aspect of my invention, an im-
proved system is provided for removing, treating, and
infusing a human fluid which must be prevented from
clotting. Such system having a pumping apparatus to
maintain the flow of the human fluid at a rate compatible
with the natural body functions. The flow of the fluid
occurs outside of the body from a first removal position
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to a second infusion position. The pumping apparatus
has an elastic collapsible chamber to hold a volume of
the human fluid and a freely reciprocable push rod which
is actuated by a rotatable nutating cam surface to com-
press the chamber to expel the human fluid therefrom.
The improvement in the system comprises a source of an
anti-coagulant solution and a second elastic collapsible
chamber positioned adjacent to the first elastic chamber
to remove and hold a volume of the anti-coagulant from
its source. The second chamber having an inherent elas-
ticity to expel the anti-coagulant when compressed and
to create therein an elastic force sufficient to inflate the
chamber to cause a pressure to induce flow thereinto and
remove the anti-coagulant solution from its source. Ex-
tended from the outlet of the second chamber is a con-
duit having one end connected to the discharge of the
second chamber and the other end connected to the fiow
of the human fluid at the first removal position. Means are
provided to compress the second elastic chamber to ex-
pel the anti-coagulant solution therefrom and inject the
solution into the flow of the human fluid at the first re-
moval position just after the first chamber has been com-
pressed. The second elastic chamber being of a size rela-
tive to the first elastic chamber to cause the anti-coagulant
to flow at a rate proportional to that of the human fluid
to prevent clotting thereof.

In another aspect of my invention, the means to com-
press the second chamber may include in part a second
push rod positioned parallel to the main push rod. The
second rod being actuated by the rotatable nutating cam
surface for only a small part of the rotation of the cam
surface. There may also be included means for holding
the second rod against the second chamber so that the
second chamber is compressed during most of the rota-
tion of the nutating cam surface so that the flow is con-
trolled of the anti-coagulant into and from the second
chamber.

According to another aspect of my invention, the out-
let conduit has a volume equal to that of the second
chamber. On the output of the conduit there may be an
actuatable check valve arranged to supply the anti-coagu-
lant expelled from the second chamber into the flow of
the human fluid being removed into the first elastic
chamber. Preferably, the check valve is angularly dis-
placed from the position of the main push rod and is ac-
tuated by the rotatable nutating cam surface for only a
small part of its rotation and is thereby open to supply
the anti-coagulant for a brief interval.

Other features and advantages of the present invention
will appear from the ensuing description of the best mode
contemplated by me for carrying out my invention.

DESCRIPTION OF THE DRAWINGS

With reference to the accompanying drawings, I will
describe the preferred embodiments of my invention. In
the drawings:

FIG. 1 is a schematic view of a particular system em-
bodying the present invention;

FIG. 2 is a plan view of the nutating cam surface taken
along lines 2—2 in FIG. 1; and

FIG. 3 is a plan view of an alternate embodiment of
the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 1, the general system embodying the
present invention is schematically shown. The system
comprises a pumping apparatus, generally indicated here
as 5, which includes an elastic collapsible chamber 11
with a tubing 10 extended from its intake C to the body
at position A from which a2 human fluid is removed and
transferred into the chamber 11. A freely reciprocable
push rod 12 is provided to compress the chamber 11 to
expel the human fluid therefrom through its output D
and tubing 17 into a human fluid treating means 18,
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shown here as a dialyzer. The treated fluid exits from
the dialyzer 18 through tubing 19 and is infused into the
body at position B at which the tubing 19 is connected.
The push rod 12 is actuated by a rotatable nutating cam
surface 14 which is driven by a motor 16 through shaft 15.

The general description heretofore is of a system for
treating human fluids disclosed in the said co-pending
application, The description hereinafter will be of the
improvement in the system for preventing the clotting of
a human fluid in its extra-corporeal flow through the
system described above,

As shown in FIGS. 1 and 3, a second elastic chamber
20 is positioned adjacent to the elastic chamber i1 to
remove and hold a volume of anti-coagulant solution
from a source therecf in FIG. 1. The solution is trans-
ferred from the reservoir 22 to the elastic chamber 20
through tubing 23 extending to the inlet E of the chamber
26. This flow of the fluid is caused by the inflation of
the chamber 20 after it has been compressed. That is,
the inherent elasticity of the walls of the chamber 20
cause it to always take its normal shape as shown in
FIG. 1. This, in turn, creates within the chamber 20 an
elastic force sufficient to inflate the chamber to cause a
pressure to induce flow thereinto and remove the anti-
coagulant from the reservoir 22. Also, because of the
inherent elasticity of chamber 20, the anti-coagulant solu-
tion can be expelled therefrom when the chamber is
compressed.

As provided by this invention, the chamber 26 is com-
pressed in a predetermined relationship to the compres-
sion of elastic chamber 11. Alternate means for com-
pressing the chamber 2§ are illustrated in FIGS. 1 and 3.
According to the embodiment illustrated in FIG. 1, the
second chamber 26 is compressed simultaneously with
chamber 11, by an appendage 24 mounted on the main
push rod 12 which is actuated by the nutating cam sur-
face 14.

In the alternate embodiment illustrated in FIG. 3, cham-
ber 20 is compressed by a separately actuated push rod
29 just after the first chamber 11 has been compressed.
The rod 29 in its normal position (shown by the solid
lines) is held against the second chamber 20 by a spring
32 bearing against a collar 33 mounted thereon. The push
rod is actuated by the interaction of a rocker arm 34
and the cam surface 14, together with the spring 32. As
the nutating cam 14 is rotated through one revolution,
the rocker arm 34 is displaced a small amount. This
motion momentarily moves the push rod 29 away from
chamber 20, thus allowing the chamber 2¢ to draw the
anti-coagulant from the reservoir 22. As soon as the
cam 14 has rotated further, the spring pushes the rod
29 back against the chamber 28, thus compressing it and
expelling therefrom the anti-coagulant. In this particular
embodiment (FIG. 3), the expelled anti-coagulant by
the compression of chamber 20, is injected into the flow
of the human fluid solely by the compression of chamber
20. As shown in FIG. 1, the expelled solution is carried
through an outlet conduit 25 and injected into the flow
of the human fluid at point G in tubing 10.

In the embodiment illustrated in FIG. 1, the expelled
fluid is injected into the flow of the human fluid by the
combined action of the compression of chamber 20
and the actuation of a check valve 26 which is placed
in the outlet conduit 25 to supply the anti-coagulant into
the flow of the human fluid. In this particular embodiment
(FIG. 1), the conduit 25 preferably has a volume equal
to that of the second chamber 20. The reason being
that since the flow of the solution expelled from the
chamber 20 is monitored by the check valve 26 and re-
mains in the conduit 25 before it is injected into the
flow of human fluid at point G.

As shown in FIG. 2, the check valve 26 is angularly
displaced from the position of the main reciprocating
rod 12. The check valve 26 is only actuated for a small
part of the rotation of the cam surface 14 and is thereby
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open for a brief interval after the elastic chamber 11
and the second chamber 20 have been simultaneously
compressed respectively by the main push rod 12 and
the appendage 24.

In operation (as shown in FIG. 1), when the motor
driven nutating cam 14 makes one rotation it drives
the main push rod with the appendage 24 forward and
both the anti-coagulant chamber 20 and the human fluid
chamber 11 are compressed in phase. The compression
of the small chamber 20 pumps the anti-coagulant to the
check valve 26 which is also actuated by the nutating
cam 14 in such as manner that the valve 26 is always
closed except for a brief interval immediately after com-
pletion of the compression stroke. Thus, there is a posi-
tive pressure on the anti-coagulant solution forcing it to
pass through the check wvalve 26 and then through the
outlet conduit 25 into the flow of the human fiuid being
removed from the body. The check valve 26 is closed
very soon after being opened, however, to prevent the
suction pressure, developed by the chamber 20 due to
its elastic recovery force, from drawing the heparin
solution immediately into the human fluid input tubing
10. Thus, with the check valve 26 closed, the human fluid
chamber 11 can recover by its elastic memory from a
compressed position to its normal position only as al-
lowed by the flow of human fluid flow pressure in the
body.

According to the embodiment illustrated in FIG. 1, the
amount of heparin solution that is injected into the
human fluid is controlled by the stroke of the main push
rod 12. There are several ways in which the stroke of
the main push rod may be varied to effectively regulate
the amount of heparin that is injected into the human
fluid. One way is that the heparin chamber 20 may be
replaced by one which is larger or smaller to provide
more or less displacement per stroke as may bs re-
quired for the particular human fluid being transferred.
A second way is by making the diameter of the append-
age 24 larger or smaller. The larger the diameter of the
appendage 24, the more the chamber 20 is displaced
per stroke, and accordingly more heparin solution is in-
jected into the flow of the human fluid. A third way is
by adjusting the length of the stroke of the push rod
12 to be longer or shorter. That is, the longer the stroke,
the more the chamber 20 is displaced per stroke and
therefore more heparin solution is injected into the human
fluid. Another way is by adjusting the length of the check
valve 26 stroke to make it longer or shorter to vary
the time interval and the degree to which the check valve
26 is open. This may be varied from fully opened for
a relatively long interval to partially opened for a rela-
tively short interval or even from continuously fully
opened to continuously fully closed. As can be seen,
the amount of heparin solution that is required to pre-
vent the clotting of any particular human fluid may be
provided by an adjustment or modification of the com-
ponent parts of the apparatus used according to this
invention.

Referring to FIG. 3, the alternate mechanism for com-
pressing chamber 20 and injecting the anti-coagulant
into the human fluid flow is shown. In this embodiment, the
push rod 29, is slidably mounted on supports 28, as is
the main push rod 12. The main rod 12 is held against
the human fluid chamber 11 by a U-shaped spring 30,
which two legs are pressed against a pair of rollers 36
mounted in a sliding block 38 secured to the rod 12.
The spring 38 is mounted on a block 42 below the rod
12. As described before, the small rod 29 is held against
chamber 20 by the spring 32 bearing against the collar
33 mounted thereon. Pivotally mounted on a pin 37
is the rocker arm 34 which is in contact with the pin 35
on the rod. As shown, the rocker arm 34 is extended in
the area of the rotation of the cam 14. As the nutating
cam 14 is rotated through one revolution, the rocker
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arm 34 is displaced a small amount. This motion momen-
tarily carries the push rod 29 away from the chamber (as
shown by dotted lines) allowing it to draw the anti-
coagulant from the reservoir 22, FIG. 1. As soon as the
cam 22 has rotated further, the spring 32 pushes the push
rod 29 against the diaphragm 2¢ until the next short
stroke, so that almost all the time the chamber 20 is com-
pressed and therefore the anti-coagulant cannot flow in or
out of the chamber 20. Only small amounts of the anti-
coagulant can be injected during each short stroke once
per cycle.

It is noted that the chamber 20 in the embodiment
shown in FIG. 3, combines the functions of both the
chamber and the check valve 26 (FIG. 1). Thus, the
check valve is eliminated. The function of the check
valve 26 is accomplished by having the chamber 20
under compression most of the time due to the spring
force on the push rod 29.

The length of the stroke of the rod 29 can be adjusted
by changing the position of the pin 35 on the rod 29.
For example, if the pin 35 is positioned further to the
left (FIG. 3), the stroke of the rod will be lengthened.
Also, the spring force on the rod 29 can be adjusted by
moving the collar 33 against which the spring bears. That
is, if the collar 33 is moved to the left, the force of
the spring will be decreased.

The mechanism shown in FIG. 3 may be further modi-
fied so that a third fluid can be pumped into the human
fluid flow in proportional flow rates to that of the human
fluid. This can be accomplished by extending the rocker
arm 34 and installing a duplicate parallel push rod. For
example, the primary fluid may be lymph, the second
fluid may be an anti-coolant heparin solution and the
third fluid may be a glucose magnesium additive which
will add a color to the fluid upon having certain char-
acteristics.

Various anti-coagulants may be used according to this
invention including a sodium and potassium solution,
a solution of fluorides and citrates, and a heparin solu-
tion. The heparin solution which is based on the sub-
stance of heparin found in the liver and blood of hu-
mans, has proved to be quite effective and may be used
as a suitable anti-coagulant in the present invention.

From the foregoing it is readily acknowledged that
the invention as described herein and illustrated in the
drawings, very effectively achieves the desired result of
preventing a human fluid from clotting in its flow out-
side of the body.

Although the various features of the invention have
been shown as apply to several embodiments of the in-
vention, it will be evident that changes may be made
in such detail that certain features may be used without
departing from the principles of the invention described
herein and claimed in the appended claims.

I claim:

1. An improved sysiem for removing, treating and in-
fusing a human fluid which must be prevented from
clotting, such system having a pumping apparatus to
maintain the flow of the human fluid at a rate compatible
with the natural body functions, said flow occurring ex-
terior of said body, said pumping apparatus having an
elastic collapsible chamber to hold a volume of said
buman fluid and compressing means to compress said
chamber to expel said human fluid therefrom; and where-
in the improvement comprises:

(a) a source of an anti-coagulant solution:

(b) a second elastic collapsible chamber positioned
adjacent to said first elastic-chamber to remove and
hold a volume of said anti-coagulant from said
source, said second chamber having an inherent elas-
ticity to expel said anti-coagulation solution when
compressed and to create therein an elastic force suf-
ficient to inflate the chamber to cause a pressure to
induce flow thereinto and remove said anti-coagulant
solution from said source;
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(c) an outlet conduit from said second chamber hav-
ing one end connected to the discharge of said second
chamber and the other end connected to the flow of
said human fluid at said first removal position;

(d) means to compress said second chamber in a
predetermined relationship to the compression of
said first elastic chamber; and

(e) means to cause the anti-coagulant expelled from
the second chamber to be injected into the flow of
said human fluid being removed into the first elastic
chamber.

2. An improved system for removing, treating and
infusing a human fluid which must be prevented from
clotting, such system having a pumping apparatus to
maintain the flow of the human fluid at a rate compatible
with the natural body functions, said flow occurring ex-
terior of said body from a first removal position to a
second infusion position, said pumping apparaius having
an elastic collapsible chamber to hold a volume of said
human fluid and a freely reciprocable push rod which is
actuated by a rotatable nutating cam surface to compress
said chamber to expel said human fluid therefrom; and
wherein the improvement comprises:

(a) a source of an anti-coagulant solution;

(b) a second elastic collapsible chamber positioned
adjacent to said first elastic chamber to remove and
hold a volume of said anti-coagulant from said
source, said second chamber having an inherent elas-
ticity to expel said anti-coagulant solution when
compressed and to create therein an elastic force suf-
ficient to inflate the chamber to cause a pressure to
induce flow thereinto and remove said anti-coagulant
from said source;

{c) an outlet conduit from said second chamber having
one end connected to the discharge of said second
chamber and the other end connected to the flow of
said human fluid at said removal position;

(d) means to compress said second elastic chamber to
expel said anti-coagulant solution therefrom and to
inject said solution into the flow of said human fluid
at said first removal position just after said first
chamber has been compressed; and

(e) said second chamber being of a size relative to said
first elastic chamber to cause said anti-coagulant to
flow at a rate proportional to that of said human
fluid to prevent clotting thereof.

3. An improved system according to claim 2, wherein

said means to compress said second chamber includes
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in part a second push rod positioned parallel to said main
push rod, said second rod being actuated by said ro-
tatable nutating cam surface for only a small part of
the rotation of said cam surface.

4. An improved system according to claims 2 and 3,
wherein there is included means for holding said second
push rod against said second elastic chamber so that said
second chamber is compressed during most of the rota-
tion of said nutating cam surface so that flow is con-
trolled of said anti-coagulant into and from said second
chamber.

5. An improved system according to claim 2, wherein
said outlet conduit has a volume equal to that of said
second chamber and on the output of said conduit is an
actuatable check valve arranged to supply said anti-
coagulant expelled from said second chamber into the
flow of said human fluid being removed into said first
elastic chamber.

6. An improved system according to claims 2 and 5,
wherein said check valve is angularly displaced from the
position of said main push rod and is actuated by the
rotatable nutating cam surface for only a small part of
its rotation and is thereby opened to supply said anti-
coagulant for a brief interval.
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