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The present invention relates generally to apparatus for
and methods of reproducing the functions of the cardiac
and pulmonary organs of a human or animal and, more
particularly, to a pump-oxygenator for assuming these
vital functions on a temporary basis, such as during open-
heart surgery.

In the treatment of certain human ailments, it is often-
times desirable to relieve the patient’s heart and lungs
from performing their pumping and oxygenating func-
tions so-that surgical repairs to these organs may be per-
formed while they are relatively inactive. Mechanical
substitutes for these organs usually take blood from the
patient’s venous system and first disperse it over a large
area in an . atmosphere of pure or nearly pure oxygen.
After the blood absorbs oxygen in this environment, it
is forced by means of a pressure pump into the. arterial
system of the patient.  To be life-sustaining, this process
must be continuous and, hence, the pump-oxygenator or
heart-lung machine, as it is sometimes called, must proc-
ess unfailingly a steady stream of blood.

While it is possible to sustain life for hours by means
of ‘a pump-oxygenator, even when the heart is completely
bypassed, existing machines have certain shortcomings
which have so-far limited their success. - For example, the
red corpuscles in blood are often destroyed at-a fairly
high rate while these machines are in use. Furthermore,
a relatively large amount of blood is generally required
to fill the pump-oxygenator - system. And since this
amount cannot be provided by the patient, it must be
supplied by donors. Moreover, after each use the appa-
ratus must be disassembled, thoroughly cleaned, and the
parts contaminated by blood sterilized - and carefully
stored for future use. * When next needed, these parts,
of course, must be reassembled. with elaborate precau-
tions taken to insure their sterility.

It is accordingly a primary object of the present inven-
tion to provide a pump-oxygenator of simple and reliable
construction.

Another object of the present invention is to provide
a pump-oxygenator which requires a minimum amount of
blood.

A still further object of the present invention is to
provide a pump oxygenator wherein the oxygen both
oxygenates the blood and furnishes all the motive power
required by the apparatus.

Al still further object of the present invention is to pro-
vide a pump-oxygenator wherein damage to the bleod and
frothing are minimized.

A et still further object of the present invention is to
provide a pump-oxygenator which derives its blood sup-
ply from ‘the patient’s venous system and. from blood
seeping into the operating area.

A still further object of the present invention is to
provide a pump-oxygenator having a suction pump which
functions with a minimum amount -of turbulence whereby
little damage or destructlon of the red: cells of the blood
occurs,

A yet still further object of the present invention is to
provide a pump-oxygenator wherein compressed. oxygen
first .operates the engine driving the oxygenating appa-
ratus and thereafter oxygenates the blood.

A yet still further object of the present invention is to
provide ‘a- pump-oxygenator- wherein the pump. mecha-
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nism has a decreasing competence with a decreasing level
of blood in the system.

A yet still further object of the present invention is
to provide a syphon-type coronary sucker for use in a
pump-oxygenating system to augment the blood available
from the patient’s venous system.

A yet still further object of the present invention is to
provide a pump-oxygenator wherein the performance of
the pump mechanism is regulated by the level of blood
in the oxygenator.

A yet still further object of the present invention is to
provide a pumping mechanism for a pump-oxygenating
system which can be readily sterilized.

A yet still further object of the present invention is to
provide an oxygenator which can be autoclaved as a com-
plete unit.

Other objects and many of the atiendant advantages
of this invention will be readily appreciated as the same
becomes beiter understood by reference to the following
detailed description when considered in connection with
the accompanying drawings wherein:

FIG. 1 is a schematic -diagram of the complete oxy-
genating system according to one embodiment of the in-
vention;

FIG. 2 illustrates the structural details of one type of
oxygenator;

FIG. 3 schematically depicts an alternative construc-
tion for the rotating component of the oxygenator;

FIG. 4 depicts the general comstruction of a pressure
pump that can be employed in the system of FIG. 1;

FIG. § illustrates a flow-through type of pressure pump
having similar use;

FIG. 6 illustrates one method of detachably mounting
the oxygenator as a complete unit to the engine; and

FIG. 7 shows one general arrangement for automati-
cally controlling the pressure pump in accordance with
the level of blood within the oxygenator. :

Briefly and in somewhat general terms, one embodi-
ment of the present invention may be seen from an ex-
amination of FIG. 1 to comprise a sotrce of compressed
oxygen 1, gas-operated engine 2 of the bellows type driven
therefrom, cam-operated ball valve assembly 3 controlling
this engine, oxygenator 4, its reservoir 5, pressure and
suction pumps 6 and 7, surge chamber 8, and sucker 9
with its vacuum relief member 8.

- Before discussing the structural details of these devices
and the manner in which they cooperate, it would be
noted that all of the motive power for the above system
is derived from the compressed oxygen and that the ex-
pended oxygen oxygenates the blood and acts as a vehicle
for removing the carbon dioxide devolved therefrom.

- Referring again to FIG. 1, storage tank 1 contains oxy-
gen at a pressure, for éxample, some ten pounds per square
inch above atmospheric pressure and, when the valve
controlling this tank is opened, a stream of oxygen flows
via line 11 to an’entrance port 12 on the top of a first
compartment 13 of bail valve assembly 3. For purposes
of description, it.will be assumed at this time that ball
member 14 in this compartment is off of its seat 15, per-
mitting oxygen to fiow out of main supply line 16 and via
branch lines 17, 18, 19 and 20 to the base of bellows 21 of
engine 2 and to pumps 6 and 7. Coupled to bellows 21
via rod 22 is a crank assembly 23 which drives camshaft 24
when the above flow distends the bellows. Connected to
this camshaft and rotatable therewith are gears 25, cams
26 and 27 and flywheel 28. It is these cams acting through
push rods 22 and 30 which control the opening and closing
of compartments 13 and 31 of the ball valve assembly 3
by raising and lowering ball members 14 and 32 with re-
spect to their seats 15 and 33. The design. of these cams
is such that one or the other of these compartments is
dlways open. - Consequently, under the conditions as-
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sumed, oxygen does not flow at this time from the lower
portion of compartment 3 through aperture 34 in the
common wall of these compartments and out into line 35
feeding oxygenator 4. It would be pointed out that the
weight of balls 14 and 31 is such that the oxygen pres-
sure cannot influence their movement.

As crankshaft 24 rotates, a point in the engine cycle is
reached whereat ball 14 descends to its seat 15, prevent-
ing the further flow of oxygen into main supply line 16
and the apparatus fed therefrom. Ball 32 is above its
seat 33 at this time, opening compartment 31, so that the
oxygen stored in the various supply lines and in bellows
21 and pumps 6 and 7 now vents back through these lines,
through aperture 34, compartment 31, into discharge line
35 and oxygenator 4 connected thereto. Because of the
momentum of flywheel 28, camshaft 24 continues. to
rotate after bellows 21 has been fully distended, and the
mechanical compression of this bellows which occurs at
this time in the engine cycle assists the above discharge of
oxygen. - Engine 2 is thus made ready for the next stroke
which occurs when ball valve assembly 3 returns to the
condition initially described.

It will thus be seen that the cam-operated valve assem-
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bly 3 effectively sets up pulsations in the stream of oxy- .

gen ‘emanating from storage tank 1. It is these pressure
pulses which also operate pumps ‘6 and 7 in a manner
which will be described hereinafter in greater detail. In
one practical embodiment of this invention, pressure
changes of one-half atmosphere occurred during the cycle,
the pressure at the cylinder being ten pounds per square
inch above atmospheric pressure. '

The blood oxygenating apparatus, which is generally
indicated by reference character 4, is housed within a sta-
tionary outer cylinder 36, closed at both ends by plates
37 and 38.  This cylinder may be made of glass, for ex-
ample, with the end plates of stainless steel. Disposed
within this cylinder, as best shown in FIG, 2, is a second
cylinder 39 of slightly smaller diameter. This latter cylin-
der rotates about ‘a horizontal axis which is parallel to
the axis of symmetry of cylinder 36 but displaced down-
wardly therefrom so that, while the outer surface of cylin-

der 39 almost touches the inner surface of cylinder 36
on the low side, a greater clearance exists between these
same confronting surfaces on the top side. - As illustrated
in FIG. 2, two or more additional cylinders 48 and 41
of successively smaller diameter are nested within cylin-
der 39 with the innermost cylinder of the pair resting on
the larger cylinder and this cylinder, in turn, resting on the
inner surface of cylinder 39.. With this arrangement,
whenever the latter cylinder rotates, the two freely sup-
ported cylinders also rotate because of friction and the
force of gravity. -

Cylinder 39 is driven by crankshaft 24 and, more par-
ticularly, by gear 25 secured thereto which meshes with
gear 42 mounted on one end of drive shaft 43. - The other
end of this shaft terminates in a spline which mates with
aslot cut in a stub-shaft 44. A spider 46 having a central
hub 45 is mounted on the other end of this stub shaft and,
in the particular embodiment shown in FIG. 3, the inner
surface of the spokes of this spider is notched at 47 to
receive  one end of the rotating cylinder 39. A similar
spider -and stub shaft employed at the other end of the
oxygenator complete the. drive arrangement. The split
drive shaft feature is employed to permit the oxygenator,
that is, outer stationary cylinder 36 and the various cylin-
ders housed therein, to be readily detached from the drive
portion of the system. ' This greatly facilitates the steriliza-
tion process.

i From what has been described hereinbefore, it ‘will be
appreciated that oxygen-is vented during each cycle of
engine 2 via line 35 into the top-portion of oxygenator

4 to oxygenate the blood and to carry off the carbon

dioxide devolved therefrom. = Throughout the operation

of the oxygenating system, however, there is a continuous
flow of venousblood from the patient via line 48 into the
oxygenating apparatus through a lower opening 4% formed
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4
in outer cylinder 36. By positioning the patient above
the oxygemator, a gravity flow is achieved. Once the
venous blood enters the oxygenator, it spreads over the
lower surface of cylinder 36 and forms a relatively shallow
pool 59 into which all three cylinders continuously dip
as cylinder 39 rotates. The blood is thus distributed in
thin layers over both the inner and outer surfaces of these
cylinders after a few rotations. This dispersal gives a
large blood-surface-area-to-volume ratio and results in
rapid oxygenation of the blood. TIn order to reduce the
amount of blood needed; both ends of innermost cylinder
41 may be closed off, as shown by plates 51 in FIG. 2.
This avoids the necessity of filling the inner portion of the
cylinder with blood and increases the level of blood in the
oxygenator for a given volume.

Oxygenated blood leaves the oxygenator through open-
ing 51 and flows via U-shaped tube 52 into reservoir 5
vented by tube 53. It will be recognized that by adjust-
ing the relative height of this reservoir the level of blood
within the oxygenator can be regulated. From the reser-
voir the blood flows via line 54 and ball valve assembly
55 into pressure pump 6 which forces it into the arterial
system of the patient. The flow of blood to and from this

ump is regulated by a gravity controlled valve assembly
55 having balls 56 and 57 which open and close cylinder
58. Lower ball 57 is designed with sufficient mass so that
it lifts from its seat only when the level of blood in reser-
voir 5 or in the vertical portion of line 54 exceeds a pre-
determined safe level. This feature is a precautionary
measure and prevents oxygen from being sucked from
oxygenator 4 into pump 6 and being forced thereafter in-
to the patient’s circulatory system. Normally, blocd will
flow into cylinder 58 and thence via line 59 into the top
portion of pump 6. This pressure pump, in the simple
configuration shown in FIG. 4, comprises a lower base
member 60 whose inner surface is concave, a closure plate
61 and a plastic or silicone rubber membrane 62 clamped
at its edges between these two members by suitable bolts
63. Both base member 60 and cover plate 61 have pas-
sageways cut therethrough to allow oxygen and blood to
enter the pump on opposite sides of membrane 62.

It will be appreciated that when the oxygen is vented
from the lower portion of pressure pump 6, blood flows
into the top portion of the pump via line 59 and displaces
membrane 62. downwardly from the position shown in
FiG. 4, Thereafter, when the next pressure pulse of oxy-
gen appears, this-membrane is driven upwardly, forcing
blocd back through line 59 and into cylinder 58 to lift
ball 56 from its seat and open a passageway to surge
chamber 8. In one practical embodiment of the present
invention, the oxygenator assembly was elevated above
the pressure pump so as to maintain a liquid head of eight
to twelve inches on this pump. Whenever the blood level
fell below this, ball 57 remained closed and isolated the
pump from the oxygenator.

In the modification shown in FIG. 1, pump 6 receives a
charge of compressed oxygen and makes one stroke for
each cycle of engine 4. It is often desirable to have only
one stroke of the pump for several cycles of the engine,
and this mode of operation can be readily realized by pro-
viding a second camshaft gear driven from shaft 24, the
second camshaft turning at lower speed.

Surge chamber 8, which receives oxygenated blood
from pressure pump 6, is included in the system to smooth
out the flow of blood into the patient’s circulatory sys-
tem. - Without this chamber, blood would otherwise be
forced into the patient’s system in the form of spiked
pressure pulses of relatively high intensity. Such pulses
would produce turbulence at the entry point which would
damage the blood’s red cells. - 'In it§ simplest form, surge
chamber 8 can be similar to pressure.pump 6, employing
a plastic membrane 63 held between two metallic mem-
bers having the same form as elements 60 and 61. This
chamber requires no valves but -preferably includes a
screen filter 64 positioned .on the side of the diaphragm
wetted by the blood. -This.screen is formed with a cen-
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tral aperture through which the blood passes into the up-
per portion of the chamber. Thereafter, the blood flows
back through this screen before it enters discharge line
13@ connected to the patient. On the other side of di-
aphragm 63 -there is trapped a volume of oxygen, ob-
tained from storage tank 1 via line 65, which serves as a
cushion against the vigorous pulsing of pressure pump 6.
The level of pressure in this part of the surge chamber is
regulated by valves 68 and 67, Valves 68 and 69 provide
means for purging oxygen from the system whenever the
priming charge of blood is being added. - It has been
found that a pressure gauge reading the pressure of the
oxygen cushion in the backside of the surge chamber pro-
vides an indication of the patient’s systolic and diastolic
pressures - during each cycle of the pump, and pressure
gauge 78 is included in the system for this purpose. By
carefully monitoring the performance of this gauge, the
surgeon can anticipate the need of a blood transfusion.

Suction pump 7, in cooperation with sucker 9, collects
blood from the operating area and adds it to that obtained
from the patient’s venous system. This pump is of low
capacity and creates a limited vacuum in vessel 71 at the
left side of FIG. 1. Connected to this vessel at a point
intermediate its length is a flexible tube 73, the other end
of which (not shown) terminates in the blood pool
formed by blood leaking from the patient’s circulatory
system. When the oxygenator is operating, this chamber
is kept at a significantly higher Ievel than the venous blood
line 48 so that the blood in this line cannot be sucked
into the vacuum system. The degree of vacuum obtain-
able in vessel 71 is controlled by vacuum relief device 18
which consists of a tube 74 containing water or a salt
solution 75 and equipped with. an- air pipe 76 which ex-
tends almost to the bottom of the above tube.

When an oxXygen pressure pulse enters suction pump 7
via line 29, bellows 77 of this pump is compressed and
air is expelled therefrom via the upper valve 78 of ball
valve assembly 79 to the atmosphere. Thereafter, when
the oxygen in the system is vented, air is drawn into this
bellows via line 88 from vessel 71 and from the air space
above fluid 75 in relief device 18, the lower valve 81 of
ball valve assembly 79 lifting at this time to permit the
above flow to take place. . After a few cycles of the pump,
a negative pressure is thus established in vessel 9, and
blood is drawn into this vessel from the operating area
via tube 73. Once blood starts flowing between line 73
and venous line 48, it continues because of syphoning ac-
tion, without regard to the pumping rate of suction pump
7, until the pool of leakage blood is depleted. Thereupon,
air enters into the system and breaks the syphon. It
would be appreciated that the height of fluid 75 s signifi-
cant because it establishes the point at which air from the
outside will be drawn via tube 76 into the system to limit
the negative pressure in vessel 71. During the operation
of suction pump 7, there may be a two-phase flow in the
suction line 73, slugs of blood and bubbles of air. How-
ever, the rate of pumping is so low that blood is not in-
jured by the air drawn into the system. This is in con-
trast with other types of coronary suckers which are char-
acterized by a very rapid two-phase flow and wherein the
turbulence accompanying this flow results in substantial
damage to the red cells of the blood.

- It would be noted in connection with the oxygenator
of FIG, 2 that only a very shallow pool of blood is needed
to achieve filming over the inner and outer surfaces of
the rotating cylinders. - This means, in effect, that the sys-
tem requires a small priming volume of blood. More-
over, since only a small fraction of these cylinders is un-
der the blood at any one time, almost all of their surface
" areas are-available for oxygenation. In order to mini-
mize foaming of:the blood, these cylinders in one practi-
cal embodiment of the invention were made of stainless
stee] and coated with a silicone lacquer which was sprayed
on and thereafter baked to give a plasticlike surface. The
wall thickness of these cylinders was approximately .one-
thirty-second of an inch.  In order to minimize hemolysis
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6
which occurred when the cylinders were rotated at ap-
proximately 50 r.p.m., fine stainless steel wires 131 and
132, shown in FIG. 2, were welded around the circumfer-
ence of cylinders 40 and 4% near each end thereof. This
reduced the contact between adjacent cylinders to only
two isolated points.

The oxygenator of FIG. 2 can be constructéd with the
three cylinders concentrically disposed about the same
longitudinal axis which can correspond to drive shaft 44.
In this case, the inner two cylinders would, like outer cyl-
inder 39, fit into suitable slots cut in the inner face of the
spiders. . Also, the innermost cylinder could be of solid
construction. By avoiding completely any contact be-
tween the cylinders, a more genfle form of oxygenation
and - higher rotational rate' may be achieved without
foaming. The solid construction of the inner cylinder,
of course, diminishes the priming volume.

The advantage of using a bellows-type engine, such as

the simplified version illustrated in FIG. 1, to drive the
camshaft, is found in the fact that this construction pre-
sents no gas sealing problems. However, there is a tend-
ency for the bellows to squirm and introduce slight ir-
regularities in the operation of the oxygenator. If de-
sired, this engine can be replaced with a conventional pis-
ton-type engine wherein the oxygen is led to and from the
cylinder head via a flexible plastic tube. In one practical
embodiment of such an engine, the cylinder was made of
brass, the piston of carbon, and sealed ball bearings of
stainless steel construction were employed. It would be
noted in connection with the operation of the engine por-
tion of the system that a higher engine speed adds greatly
to the stability of the apparatus and that the engine pref-
erably should run at several times the frequency of the
various pumps. This relationship can be, of course, ob-
tained by incorporating suitable gearshift provisions in the-
drive mechanism. )
. It has been found in the operation of the apparatus of
FIG. 1 that the tubing 54 connected to the bottom of the
reservoir should be of fairly large diameter, approximate-
1y two inches, so that any oxygen bubbles entrapped in the
blood when the blood level is below the bottom of the
reservoir can be released readily by coming to the surface.
Such a tube dimension has the effect of increasing the
volume of blood needed in the operation of the system.
However, reservoir 5 can be eliminated from the system
with a gravity flow of blood directly from the oxygenator
to pressure pump 6.

In FIG. 3 there is schematically depicted a modification
of the internal portion of the oxygenator of FIG, 1. In
this alternative construction, a single, rotating cylinder 82,
the counterpart of element 39, is covered with a stocking
83 made of loosely woven, plastic material. This stock-
ing, which preferably should be about three-quarters of an
inch thick, performs much like a screen except that the.
weave is loose enough so that each fiber is individually
coated with blood as the stocking dips into the blood pool.
Thus, while each fiber is wetted by the blood, the blood
cannot bridge across adjacent fibers so as to form, in ef-
fect, a single large blood clot around cylinder 82.

A flow-through pressure pump which can replace the
apparatus of FIG. 4 in the oxygenating system is illus-
trated in FIG. 5. In this alternative construction, a cylin-
der 85 having an inwardly projecting; rounded collar 86
adjacent each end thereof encloses a tubular element 87,
preferably made of plastic or silicone rubber, This tubu-
lar element, which .is closed off at each end by a stopper
§8 provided with a central bore 89, is held under tension
with portions adjacent each end thereof pinched between
confronting surfaces of stopper 88 and collar 86. Oxy-
genated blood is fed into one side of the pump and pres-
surized oxygen is fed into the interior of the pump via an
entrance port 98 cut in the wall of cylinder 85 at a point
intermediate its length. Each pumping stroke -occurs, of
course; when an oxXygen pressure pump collapses tubular
element 87 and forces the blood out of the exit side of the
pump. '
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 Some of the characteristics of the embodiment of FIG 5

which recommend its employment include the unidirec-
tional flow of blood, the simple form of the tubular pump-
ing member and the ability of this member to withstand
numerous sterilizations. The arrangement of FIG. 5 can
be slightly modified by utilizing a tubular pumping ele-
ment sealed at one end thereof in place of the open-ended
element 87. With such a design, cylinder 85 would also
be closed at a corresponding end thereof. Such a con-
struction eliminates the need .of the second stopper and
minimizes any possible oxygen leakage from the pump.
However, the cleansing operation is complicated because
of the difficulty in turning such a closed tubular member
inside out,

In FIG. 6 there is illustrated one arrangement for de-
tachably connecting the oxygenator 4 as a unit to the
oxygen-driven engine. Here, engine 2 and all of its con-
ventional components, including, for example, the piston,
cylinder and crankshaft, as well as camshaft 24 and ball
valve assembly 3, are all accommecdated within the rec-
tangular engine block 91. End plate 38 of the oxygenator
is secured by a pair of screws 92, only one of which is
shown, to that face of the block through which the drive
shaft of the engine projects. A circular flange 93 and a
tubular arm 94 extend from the left-hand side of this end
plate as viewed in this figure, The other end plate 37 has
a similar but somewhat wider circular flange 103 project-
ing therefrom which has a blood collecting weil portion
95 formed along the bottom part thereof. Secured to the
other side of end plate 37 is a sleeve 95,

The outer glass, stationary cylinder 36 of the oxygena-
tor fits closely within flanges 93 and 103, extending suffi-
ciently far enough under these flanges to prevent any
blood leakage from the central portion of the oxygenator.
This cylinder is further sealed in place during the opera-
tion of the oxygenator by strips of pressure-sensitive plas-
tic tape 97 which adhere to adjacent portions of the outer
surface of this cylinder and the edges of the flanges. The
oxygenator unit is held together by an L-shaped member
98 which consists of a tubular arm 99, whose diameter is
slightly larger than that of arm 94 extending from end
plate 38, and .a second arm 100 at right angles thereto
which is designed to slidably fit within sleeve 96. Lock-
ing screw 181, which passes through aligned apertures in
arms 99 and 94 when they are in the telescopic position
shown, and set screw 102 of sleeve 96, maintain the as-
sembly together. The oxygenator unit, it will thus be
seen, can be detached as a unit from the engine by means
of screws 92, and the oxygenator “itself can be disas-
sembled for cleaning and inspection purposes by first
loosening screw 101, then set screw 192, and then un-
wrapping the plastic tapes 97. By the same token, it will
be appreciated that the oxygenator unit, after it has been
inspected and cleaned, can be reassembled and stored in a
sterile condition until it is next needed. .

A modification of the present invention wherein the
competence of flow-through pressure pump 6, which sends
oxygenated blood to the surge chamber 8 and thence to

the patient, is automatically controlled by the level of the -

blood within the oxygenator, is generally illustrated in
FIG. 7. To achieve this type of control, oxygen-driven
engine 2, with oxygenator 4, pump 6 and surge chamber
8, not shown, attached. thereto, is positioned on the tips

of a pair of screws 112, only one of which is shown, which-

extend. through a stationary platform 196 secured to the
upright post of a stand 104. The purpose of supporting
the complete assembly on only these two points is to per-
mit the axis of the oxygenator to tilt with respect to the
horizontal in response to the amount of blood within it.
This movement is utilized to control the rate of pumping.
The mass of oxygenator 4 plus that of appended pressure
pump 6 and surge chamber 8, which, although not shown,
is disposed . side by side with this pump, is more than
enough to overbalance the engine block 91 .on the two-
point suspension provided by screws 112. . But the sys-
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tem can be brought to an even attitude by adjusting screw
114 which regnlates the tension of spring 113 and the
downward force acting on the engine block on the other
side of the point supports. ,

With pressure pump 6 suspended below the oxygenator,
oxygenated blood can flow directly from well 95, down
through supporting tube 117 and via the one-way flapper
valve 118 into the central portion of the pump. The
oxygen for operating this pump, as shown in FIG. 5,
is supplied to the annular space between rubber tube 87
and metallic housing 85 by flexible tube 116, This oxy-
gen, as mentioned hereinbefore, comes from the engine
exhaust, and it first passes through a one-way flapper
valve, similar to 118, before it -emters this branch
line. The operation of pump 6 is controlled by throttling
its exhaust, To accomplish this, line 116 is also con-
nected via an internal passageway in engine block 91,
not shown, to a horizontal tube 109 that extends to the
right, as viewed in this figure, from the lower edge of
the engine block. Tube 169, which is the exhaust line
for pump 6, terminates at dts outer end in a valve as-
sembly 110 whose closure member is ball 111, It will
be readily appreciated that when ball 111 rests on its
seat, closing-valve 118, oxygen cannot be exhausted from
pump 6 since there is no other exit from this pump dus
to the blocking action of the check valve previously men-
tioned. - Tubular member 87, therefore, must remain in a
compressed condition and, consequently, the pump cannot
prepare itself for a second stroke.

The apparatus for controlling valve 118 consists merely
of a horizontal arm 107 that extends from fixed platform
186 in a direction parallel to tube 189.. This arm carries
an adjustable screw 188 at a position immediately below
the center of the seat of valve 110, and the end of this
screw is designed so it can pass into this valve and con-
tact ball 131. Horizontal -arm 17 also carries ‘a strap
115 which loops over tube 189 so as to limit the counter-
clockwise rotation of the apparatus about point supports
112, ’

When the apparatus is first put in operation, that is,
with little or no blood in the oxygenator, spring 113
counteracts the overbalancing action of the oxygenator

plus its appended equipment, and the apparatus assumes

a.generally horizontal ‘attitude.” Pressure pump 6 is in-
capacitated at this time because its exhaust line is com-
pletely closed, with ball 111 resting on its seat and com-
pletely out of contact with the tip of screw 108. As the
blood level rises in the oxygenator, the increased weight
thereof contributes to the mass of the apparatus on the
right of the supporting points, as viewed in FIG. 7; the
above balance is disturbed and the oxygenator and the
engine block commence to rotate in a clockwise direction
about the pivet points. Since exhaust pipe 169 is at-
tached to the engine block, it, too, takes part in this rota-
tion. As more and more blood flows into the oxygenator,
the angular displacement of the above apparatus increases
until a point is reached at which pipe 109 ds tilted suffi-
ciently far to bring the top part of screw 168 into contact
with ball 111, The amount of blood at this point is now
close to-the level comsidered safe for operation of the
system. -Any further flow of blood now results in valve
116 being cracked by the upward movement of ball 111
off of ifs seat, and the pump commences to operate at a
relatively low rate. This rate increases with further open-
ing of valve 110 until the exhaust line is completely
opened. .~ :

if the level of the blood in the oxygenator decreases
at-any time below the safe level so that there is the danger
of oxygen gas being sucked into the pump, the oxygen-
ator rotates in a counterclockwise direction, contact is
broken between ball 211 and screw 198, and pump 6 is
stopped.  In actual operation, the oxygenator assumes
a position in which the ball valve is continuously tickled
by pressure of the screw, and the pump operates with

partial capacity to maintain the ,bloodr level fairly con-
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stant. It would be pointed out that the blood leaves pump
6 via a one-way flapper valve 119 and then proceeds to
the surge chamber 8 which has a general appearance
similar to that of pump 6 as illustrated in FIG. 5. - This
surge chamber, as mentioned hereinbefore, is positioned
alongside pump 6 and also suspended from oxygenator
4. Tt would be pointed out that in the operation of the
above system the apparatus is first charged with a sterile
saline solution and then with blood.

Obviously many modifications and variations of ‘the
present invention are possible in the light of the above
teachings. It is therefore to be understood that within
the scope of the appended claims the invention may be
practiced otherwise than as specifically described.

What is claimed is:

1. For use in a system that assumes the functions of
the lungs of a patient during surgery, the combination of
a cylicdrical container, said container adapted to contain
a pool of blood being positioned in a substantially hori-
zontal attitude, means for forming a pool of blood at the
bottom of said container thereof, a first sleeve mounted
between opposite end ‘walls of said container, means for
Totating said sleeve about an axis that is parallel to but
below the longitudinal axis of symmetry of said container,
the location of said axes with respect to the surface of
said pool of blood being such that a wall length portion
of said sleeve extends into said blood pool whereby the
inrer and outer wall surfaces of said sleeve become cov-
ered with a thin film of blood after a few rotations of said
sleeve, a second sleeve positioned within said first sleeve,
a loop of wire secured around the outer surface of said
second sleeve adjacent each end thereof, said loops. of
wire freely resting on a portion of the inner wall surface
of said first sleeve whereby a finite separation between
the lower inner wall surface of said first sleeve and a con-
fronting portion of the outer wall surface of said second
sleeve is established and whereby said second sleeve ro-
tates in response to the rotation of said first sleeve, means
for establishing a continuously fresh oxygen atmosphere
within said enclosed container and means for withdraw-
ing blood from said pool.

2. In an oxygenating system, the combination of an
enclosed cylindrical container adapted to contain a pool
of blood, means for accumulating said pool of blood at
the bottom of said container, a holler cylinder mounted
within said container with a wall length portion thereof
adapted to extend into said pool.of blood, a source of
compressed oxygen, means responsive to the expansion
of a stream of oxygen released from said scurce for im-
parting rotary motion to said hollow cylinder whereby
the inner and outer wall surfaceés thereof become coated
with a thin film of blood after a few rotations of said
cylinder and means for. directing the released oxygen
after its expansion into said container thereby to oxygen-
ate the blood forming said thin films.

3. In a system for temporarily assuming the functions
of a patient’s heart and lungs during surgery, the com-
bination of a blood oxygenator adapted to contain a pool
of blood, said oxygenator including as a component there-
of a hollow cylinder adapted to rotate partially within
said pool of blood, an engine rotating said cylinder, a
suction pump for collecting blood seeping into the operat-
ing area and adding this bloed to said blood pool, a pres-
sure pump, said pressure pump being connected to said
oxygenator and adapted to be connected to the arterial
system of said patent, a source of compressed oxygen,
said vacuum pump, said engine and said pressure pump
being operated by the eéxpansion of compressed- oxygen
from said source, said oxygen after its expansion serving
to oxygenate the blood within said oxygenator.

4. In a system for temporarily assuming the heart and
lung actions. of a patient during surgery, the combination
of a blood oxygenator, adapted to contain a pool of blood,
said oxygenator including a sleeve, means for dispersing
the blood which is to be oxygenated in athin film- over
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the inner and outer wall surfaces of said sleeve, means for
rotating said sleeve partially within a blood pool, a pressure
pump connected to said oxygenator and adapted to be
connected to said patient for pumping blood from said
oxygenator into the arterial system of the patient, a source
of compressed oxygen, said means for rotating said sleeve
and-said pump being operated by the expansion of com-
pressed oxygen from said source, said oxygen after its
expansion serving to oxygenate the blood films on the
inner and outer wall surfaces of said sleeve.

5. In an arrangement as defined in claim 4, a suction
pump, said suction pump adopted to remove blood col-
lecting in the operating area and adopted to add this
blcod to the blood pool within said oxygenator, said pump
also being operated by the expansion of compressed oxy-
gen from said source.

6. In an arrangement as defined in claim 5, means for
directing the blood “from said pressure pump against a
cushioning member whereby the flow of said blood is
smoothened prior to its introduction into the arterial
system of the patient.

7. For use in a system for femporarily assuming the
functions of a patient’s lungs, the combination of a blood
oxygenator adapted to contain a pool of blood, said oxy-
genator including a blood dispersing member adapted to
rotate partially within said blood pool, means for enclos-
ing said dispersing member in an oxygen atmosphere; a
source of compressed oxygen, an engine for rotating said
dispersing member, said engine being operated by the
expansion of compressed oxygen supplied from said
source within a compartment thereof, said oxygen after
its expansion being coupled to said means for enclosing
said dispersing member, thereby to:provide said oxygen
atmosphere.

8. In an arrangement as defined in claim 7, a pressure
pump connected to said oxygenator, said pressure pump
when connected to said patient forcing blood withdrawn
from said. pool into the arterial system of said patient,
said pump operating by the expansion of compressed OXy-
gen, and means for cutting off the flow of blood to said
pump when the blood level of said pool falls below a
predetermined value.

9. A blood oxygenating system for a patient under-
going surgery, comprising a blood oxygenator, a blood
supply line for feeding blood into said oxygenator, means
for -collecting blood seeping into the -operating area and
for adding this blood to said blood supply line thereby
to angment the blood available in the oxygenator, said
last-mentioned means including a source of compressed
oxygen, a suction pump, said suction pump being op-
erated by the expansion of compressed oxygen fed there-
to from said source, and means for coupling said suction
pump to said oxygenator whereby the oxygen employed
to operate said suction pump is subsequently vented into
said oxygenator.

10. In a system for oxygenating the blood of a patient
undergoing surgery, the combination of a blood oxy-
genator adapted fo contain a pool of blocd, a supply line
adapted to ‘connect the venous system of said patient to
said blood oxygenator whereby blood flows by gravity
from said patient into said oxygenator, a syphon, said
syphon cellecting blood seeping into the operating area
and feeding it into said supply line thereby to increase the
blOO(.l within said oxygenator, a suction pump connscted
to 'sald syphon for starting said syphon, said suction pump
be_mg operated by the expansion of compressed oXygen
within a compartment thereof, and means for coupling the
oxygen vented from said compartment between successive
strokes. of said- suction pump into said oxygenator there-
by to oxygenate the blood therein.

. 11. In an oxygenator system, the combination of a
blocd oxygenator, a first blood supply line having ons
end connected to said oxygenator and the other end
adapted to be connected to the venous system of a patient,
said patient being elevated above the level of said oxy-
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genator whereby blood flows by gravity from said venous
system into said oxygenator, an enclosed chamber, a suc-
ion pump, the suction line thereof being conn:ected to
an opening in the top wall of said chamber, tubing con-
nected between the bottom of said chamber and said first
blood supply line, a second blood supply line, one end
of said second blood supply line terminating in an aper-
ture cut in one wall of said chamber and the other end
adapted to terminate in the operating area whereby blood
seeping into said area is sucked into said chamber by the
vacuum developed therein by said suction pump, said
storage chamber being located in a position above said
first blood supply line whereby blood flows from said
chamber by gravity into said first blood supply line
through said tubing and thereafter continues to flow by
syphoning action until substantially all of the blood is
removed from the operating area.

12. In an arrangement as -defined in claim 11 wherein
said suction pump is cperated by the expansion of a
compressed gas within a chamber thereof, a source of
compressed oxygen, and means for pericdically coupling
compressed oxygen. from said source to said compart-
ment for operating said suction pump, and means for
periedically venting oxygen from said compartment into
said oxygenator.

13. Apparatus for use in oxygenating blood compris-
ing, in combination, a tubular container closed at each
end thereof, a first hollow c¢ylinder mounted between op-
posite ends of said tubular container and -adapted to ro-
tate about a horizontal axis, a second hollow cylinder
positioned within said first hollow cylinder, said second
hellow cylinder being supported by said first hollow cylin-
der ‘at only two spaced locations adjacent each end of
said first hollow cylinder such that a finite separation
exists between the confronting lower wall surface por-
tions of said first and second hollow cylinders, a blood
inlet and outlet in the lower wall portion of said tubular
container, an adjacent gas inlet and outlet in the top wall
portion of said tubular container, said inlets being adja-
cent one end of said container and said ocutlets being
adjacent the other end of said container, means for ro-
tating said first cylinder whereby said second cylinder
tends to rotate therewith, said means including a gas-
operated engine, said engine being of the type whersin
the motive force is derived from the expansion of a com-
pressed gas within a compartment of said engine, means
for coupling compressed oxygen to said engine and means
for coupling said oxygen. after its expansion to said gas
inlet in the top wall portion of said tubular container.

14. Apparatus for use in oxygeanating blood compris-
ing, in combination, a tubular container closed at each
end thereof, a first hollow cylinder mounted between op-
posite ends of said tubular container and adapted to ro-

tate about a horizontal axis, a second hollow cylinder posi-

tioned within said first hollow cylinder, said second hollow
cylinder being supported by said first hollow cylinder at
only two spaced peripheral locaticns adjacent the ends of
said first hollow cylinder such that a finite separation
exists between the confronting lower wall surface portions
of said first and second hollow cylinders, a blood inlet and
outlet in the lower wall portion of said tubular container,
a gas inlet and outlet in the top wall portion of said
tubular. container, said inlets being adjacent one end of
said container and said outlets being adjacent said other
ends of said container, means for rotating said first hollow
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gine, and means for coupling said oxygen after its expan-
sion in'said compartment to the gas iniet in said top wall
portion of said tubular container.

15. In an arrangement as defined in claim 13, a pres-
sure pump, said pump being of the type wherein the pump-
ing force is developed by the expansion of a compressed

- fluid, means for connecting the blood outlet of said oxy-
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cylinder, said means including an engine, said engine be-

ing of the type wherein the motive force is derived from
the expansion of a compressed fluid within a-compart-
ment thereof, a source of pressurized oxygen, means
for periodically feeding pressurized ozygen from said
- source to said compartment, thersby to operate said en-

70

genator to the input of said pump, the output of said
pump being adapted to be coupled to the arterial system
of the patient, and means for connecting a pulsating stream
of oxygen derived from said source of pressurized oxygen
to said pump. . :

16. For use in a blood oxygenating system for a patient
undergoing surgery the combination of a blood oxygena-
tor, a first blood supply line, one end of said line being
adapted to connect the patient’s venous system to said
oxygenator, a suction pump, a blood storage chamber,
means for coupling the suction side of said pump to the
tep. of said storage chamber, means for connecting the
bottom of said storage chamber to the other end of said
first blood supply line, a second blood supply line, one
end of said second line being connected t0 an opening in
one wall of said storage chamber and the other end of
said line adapted to terminate ih the operating area where-
by said suction pump during its operation creates a vac-
uum within said storage chamber to draw blood seeping
into said operating area into said storage chamber, the
blood in said storage chamber thereafter flowing by gravity
into said supply line, an énclosed container, a liquid with-
in said container, means connecting the suction side of said
pump to an aperture cut in the top wall of said container,
a length of tubing, said tubing extending through an aper-
ture cut in the top wall of said container and into said
fluid for a predetermined distance whereby air is drawn
through said tubing and through said liquid into said
suction line when the degree of vacunm within said cham-
ber exceeds a predetermined amount, said suction pump
being operated by the expansion of compressed oxygen
within a compartment thereof, means for periodically
coupling compressed oxygen to said compartment and
means for subsequently venting oxygen after its expan-
sion in'said compartment into said oxygenator.
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