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ABSTRACT OF THE DISCLOSURE

The method employs a U-shaped, tubular sac member
formed of a permeable material to hold the blood culture
to be treated. A dialysing bag formed of a vinyl contains
the dialysing fluid, such as blood plasma, and also con-
tains the tubular sac. Preferably, both of these members
are coupled to a source of a gas (oxygen and carbon
dioxide) under pressure which is applied in a timed
pulsating manner to cause the fluids contained in the
members to oscillate relative one to the other. The oscil-
lation renders dialysis more effective, while the addition
of CO, controls the pH level during dialysis. Further,
blood cultures normally are heparinized and the oscillation
permits minimum heparin concentration. Excess heparin
is toxic to blood. The method further contemplates a pre-
heating of the blood culture to a temperature of about
57° C. before commencing the dialysing process and dur-
ing the processing, electrolytic equilibrium is maintained
by adding distilled water or the like. Also the sugar con-
tent of the blood is replenished.

The invention described herein may be manufactured
and used by or for the Government of the United States
of America for governmental purposes without the pay-
ment of any royalties thereon or therefor.

This application is a continuation-in-part of application
Ser. No. 160,376, filed Dec. 18, 1961, issued Oct. 4, 1966,
as U.S. Patent No. 3,276,589 and entitled “Method and
Apparatus for Maintenance and Treatment of Blood in
Vitro.?

The present invention relates to a method and apparatus
for the maintenance and treatment of blood “in vitro” and,
more specifically, it relates to producing an in vitro en-
vironment for blood which substantially approximates the
“in vivo” environment of the blood involved.

The realization of an in vivo-like in vitro environment
for extracorporeal blood is a highly desirable objective
from a twofold standpoint. On the one hand, it enables a
satisfactory extracorporeal maintenance of blood which is
important, per se, as it relates to the abilities to conduct
in vitro blood studies, to recondition human blood af-
fected by disease and to extracorporeally maintain blood
as an aid to surgical procedures. And, on the other hand,
it enables the realization of an in viiro tissue culture
medium which is vastly superior to previous such in vitro
media.

During the last few decades a great varicty of methods
and different culture media have been employed to cul-
tivate cancer and other kinds of tissues in vitro. These
prior methods and culture media suffer the disadvantage
that, during cultivation and particularly during long-term
cultivation, the cells under cultivation undergo changes
and at times develop what is referred to as a “cell line.”
Tnvolved is the question of how much the original mor-
phology and biological characteristics of the cultivated
cells are lost or changed during short or long-term culti-
vation. There is also the question as to whether the results
of the experimental studies done on the “cell lines” or on
other cultured tissues can be applied to the tissues from
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which they originate. All of the prior conventional tissue
culture media constitute a foreign environment for the
cultured explants and this fact, no doubt, is one of the
primary reasons for the undesirable changes which take
place to the tissue explant during cultivation. The present
invention substantially avoids the undesirable mor-
phological and biclogical changes which typify prior in
vitro cultivation of tissue explants by creating an in vitro
environment wherein blood can be satisfactorily extra-
corporeally maintained. In this particular in vitro environ-
ment autologous heparinized whole blood is employed as
the tissue culture medium and through the use of a “cir-
culating-and-dialysing” chamber peculiar to the invention
in conjunction with various procedural steps, also peculiar
to the invention herein, this whole blood culture medium
is maintained in such a condition that it provides, for
tissue explants cultured therein, an in vitro environment
which substantially approximates their in vivo milieu.

In such an environment, as produced by the subject
invention, cancer cells can be introduced into blood taken
from a cancer patient and in another like environment the
same cancer cells can be introduced into blood taken from
a healthy person and the two different specimens can
then be observed in vitro for any differences in behavior.
Thus can an effective comparison be drawn between the
reaction to cancer cells by normal healthy blood, on the
one hand, and by cancer-diseased blood, on the other. In
like manner, such an in vivo-like in vitro environment can
provide the ability to study the effect of various anti-cancer
substances on a cancer patient’s blood. Such an environ-
ment also will permit the study of “anti-bodies” as a
possible defense to cancer. For instance, the combination
of normal healthy blood, normal lymph node tissue and
a small quantity of homogenated cancer cells as an antigen
can be observed in such an in-vivo-like in vitro environ-
ment to determine how anti-body-producing lymph nodes
in a healthy person react to the challenge of the presence
of cancer cells.

The in vitro environment of the invention can also be
employed to produce a whole-blood culture medium for
effective cultivation of bone marrow, skin fragments,
Iymph nodes, etc. It can render feasible the study of radi-
ation effects. on biologically active blood (at approxi-
mately 37° C.) without the necessity of exposing the
human body to such radiation. The whole-blood culture
medium produced herein can also be used for “homo-
grafting” purposes to adapt a “donor’s” tissue (such as
skin, etc.) to a “recipient’s” blood.

The above-noted examples are but a few of the pos-
sibilities presented by the current invention which is par-
ticularly applicable to the performance of tasks and
studies which are impossible of performance in an in-
vivo environment because of the risk involved to the
patient and which previously have been rendered im-
possible in vitro because of failure of previous in vitro en-
vironments sufficiently to achieve the in-vivo-like char-
acter required.

Among objects of importance of the present invention
are the following:

To produce an in vitro environment which successfully
approximates the natural in-vivo environment of the being
invotved.

To produce an in vitro environment in which cell ex-
plant maintain their original in-vivo status.

To produce a culture medinm in vitro wherein explants
mraintain their original mophological and biological char-
acteristics.

To maintain blood in vitro in such a way as to maintain
its in-vivo status whereby such in vitro blood can ade-
quately serve as a tissue culture medium or lend itself to
other biological purposes.

To adequately maintain blood in vitro circa 37° C.
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To provide an apparatus for performing the combined
functions of circulating, oxygenating, dialysing, and prop-
erly buffering a blood culture in vitro as well as main-
taining said blood culture in osmotic equilibrium.

To provide a blood circulating-and-dialysing chamber.

To provide a cheap, simple, readily-portable blood cir-
culating-and-dialysing chamber.

‘Other objects and many of the attendant advantages
of this invention will be readly appreciated as the same
becomes better understood by reference to the following
detailed description when considered in conjunction with
the accompanying drawing wherein:

FIG. 1 portrays an illustrative embodiment of the
invention wherein the blood circulating-and-dialysing
chamber is shown in perspective and the balance of the
apparatus which is employed in conjunction with the
chamber, per se, is generally shown schematically; and

FIG. 2 is a somewhat enlarged showing of the circulat-
ing-and-dialysing chamber, per se.

Blood circulating-and-dialysing chamber 11 consists pri-
marily of a wash fluid or dialysing bag 12 which is adapt-
ed to hold the wash fluid which herein is heated blood
plasma and a sac member 13 which is adapted to hold the
blood culture and to serve as the dialysing membrane.

Wash fluid or dialysing bag 12 is formed of vinyl or
some like appropriate inert material, and comprises essen-
tially three separate compartments: a medial compart-
ment 14 and respective outer compartments 16 and 17,
one of which is located on each side of medial compart-
ment 14. Bag 12 is formed of unitary construction large-
ly from a single sheet of vinyl which has been folded back
upon itself to form two juxtaposed layers which are then
appropriately cut and fused together at various positions
to form the three compartments noted above. The de-
scription below of the various compartments of wash fluid
or dialysing bag 12 will make reference to various lo-
cations where these adjacent vinyl layers are fused to-
gether.

The inner (wash-fluid-containing) portion of left-hand
outer compartment 16 is defined at its bottom by the line
18 where the single vinyl sheet was folded, at one side
by the fusion-line 19 and at the other side by the fusion-
line 21. It will be noted that fusion-line 21 does not run
to the bottom fold line 18, but stops short thereof by
some distance. This is to permit passage of wash fluid
(ie. blood plasma) between this compartment 16 and
the medial compartment 14. The respective fusion lines 19
and 21 run upwardly to the upper edges of the two adja-
cent vinyl layers. These layers have been cut along the
respective lines 22 and 23 (located respectively outboard
of fusion lines 19 and 21) to form an open-ended throat
portion 24. The cut along line 22 has also yielded an up-
standing flap appendage 26 at whose upper end there is
fixedly positioned a metallic eye 27. Disposed within
throat portion 24 is a centrally-bored cylindrically-shaped
access fitting 28. By means of a resilient annular fasten-
ing member 29, which is disposed outwardly of throat
portion 24 and which resiliently bears against the outer
portion of access fitting 28 and throat portion 24, which
is sandwiched therebetween, throat portion 24 is sealed
off to fluid except for the bore 31 longitudinally running
through access fitting 28. Located in an interference fit
in the bore of access fitting 28 is an access tube 32 which
projects above and below the access fitting 28 in which it
is disposed.

Right-hand outer compartment 17 is, in effect, a mirror
image of left-hand outer compartment 16 and is simi-
larly constructed, having an appendage flap 33 with a
metallic eye 34 located therein, a throat porticn 36,
with enclosing resilient annular fastening member 37
and enclosed access fitting 38 and access tube 39. The
inner wash-fluid-carrying portion of this right-hand outer
compartment 17 is defined at its respective left and right
sides by the fusion-lines 41 and 42, at the bottom by fold
line 18 and is limited at its upper portion by throat-
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enclosed access fitting 38 with its access tube 39. Similarly
to left-hand outer compartment 16, fusion-line 41 begins
some distance removed from the bottom fold line 18 so
as to permit passage of wash fluid back and forth be-
tween this right-hand outer compartment 17 and medial
compartment 14.

Medial compartment 14 of wash fluid or dialysing bag
12 is meant to accommodate sac member 13 and corre-
spondingly differs in construction from the outer compart-
ments 16 and 17. The wash-fluid-containing interior por-
tion thereof is defined at the bottom by fold line 18 and
at its vertically-lower portion by the respective fusion-lines
46 and 47 whose lowermost limits are located at the same
distance from the bottom fold line 18 as are the lowermost
limits of fusion-lines 21 and 41 of the respective outer
compartments 16 and 17. At its vertically-upper por-
tion medial compartment 14 is of bifurcated structure
whose formation necessitates the use of an additional U-
shaped vinyl piece in addition to the two original vinyl
layers previously discussed. The two legs of the bifur-
cated structure of this medial compartment 14 are gen-
erally designated as an after-portion 48 and a forward-
portion 49. Each of the bifurcate portions 48 and 49 is
formed with a throat portion 51. These throat portions 51
provide dual access openings into the interior of medial
compartment 14 which is otherwise closed off at its upper
end by the fusion-lines 52 which link up with the respec-
tive vertically-extending fusion-lines 46 and 47. Each
of the bifurcate portions 48 and 49 is formed with a pair
of oppositely disposed appendage flaps 53 and 54, re-
spectively, each of which, in turn, has a metallic eye 56
fixedly securely therein.

Sac member 13, which is adapted to both hold the given
blood culture under treatment and act as the dialysing
membrane, is a permeable, normally-flaccid, readily-
expandable, tube-like member being open at its respective
ends. it is composed of cellophane, or some like material,
and is positioned in a substantially U-shaped position
within medial compartment 14 with its respective open
ends extending out of the respective throat portions 51 of
the medial compartment 14. Within each of the respective
open ends of sac member 13 there is positioned the com-
bination of an access fitting 57 and an access tube 58 run-
ning therethrough. These access fittings 57 and access
tubes 58 are similar to those employed in the outer com-
partments 16 and 17. When sac member 13 is operatively
positioned within medial compartment 14, the respective
end portions thereof with their inserted access fitting
57 and access tube 58 combinations will be located within
the throat portions 51 of the respective bifurcate portions
48 and 49. Each of the throat portions 51 is encircled by
an annular resilient fastening member 59 which holds
both the underlying throat portion of medial compartment
14 and the underlying portion of sac member 13 in fluid-
tight connection with the access fiiting 57.

Chamber 11 is intended for use in a temperature-con-
trolled environment and, accordingly, is suitably sup-
ported in an incubator 61 by means of any suitable sup-
porting members 62 which attach to the various metallic
eyes hereinbefore cited.

After the blood culture has been introduced into sac
member 13 via one or both of access tubes 58, the one
access tube of sac member 13 is connected to a gas-bear-
ing line 63 and the other access tube of sac member 12 is
connected to a gas-bearing line 64. The respective gas
bearing lines 63 and 64 pass through openings therefor in
incubator 61 and on to an automatically-controlled valve
66. From this valve 66 there extends a line 67 to a gas
source 68 and another 69 which vents to atmosphere. Gas
source 68 provides a gaseous mixture of air and carbon
dioxide which is borne to valve 66 by the line 67. Valve
66 is time-controlled to alternately connect the respective
gas-bearing lines 63 and 64 to gas source 68 by way of the
line 67 and to atmosphere via line 69. When one of the
gas-bearing lines 63 and 64 is connected to gas source 68
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via valve 66, the other of gas-bearing lines 63 and 64 will
be vented to atmosphere. The aforedescribed procedure
keeps the blood in sac member 13 in continuous motion.

In like manner access tube 32 of left-hand outer com-
partment 16 of wash fluid bag 12 is connected to a gas-
bearing line 71 and access tube 39 of right-hand outer
compartment 17 is connected to a gas-bearing line 72.
Each of these gas bearing lines 71 and 72 passes through
an opening provided therefor in incubator 61 to an auto-
matic time-controlled valve 73. Also connected to valve
73 is a line 74 which vents to atmosphere and a line 76
which leads to the gas source 68. The gas pressure derived
from gas source 68 is employed to keep the wash liquid
(blood plasma) in bag 12 in continuous motion back and
forth between the respective outer compartments 16 and
17 by way of medial compartment 14. Valve 73 acts in
such a fashion that, when gas-bearing line 71 is vented
to atmosphere via line 74, gas bearing line 72 bears gas
under pressure from gas source 68 via line 76 and vice
versa. Time-controlled valve 73 controls the application
of gas pressure to these outer compartments 16 and 17 so
that when compartment 16 is under pressure from gas
source 68, compartment 17 will be vented to atmosphere
and then the cycle is reversed. Pressure from gas source
68 applied, first to one of the outer compartments 16 and
17 and then to the other, forces the wash liquid (i.e.,
blood plasma) back and forth between these outer com-
partments to induce movement of the wash liquid (blood
plasma) to and fro relative to sac member 13. This in-
duced movement of the blood plasma wash liquid with
respect to sac member 13 improves the efficacy of the
dialysis process which takes place between the blood in
sac member 13 and the wash liquid (blood plasma) in
bag 12 via the dialysing membrane, ie., sac member 13.

Wash fluid bag 12 can be constructed of either soft or
rigid plastic. Access fittings 28, 38, and 57 and access
tubes 32, 39, and 58 are made of glass or nylon or some
other snitable material which will introduce no undesira-
ble reaction effects into the blood in sac member 13 or
into the wash fluid (i.e., blood plasma) in wash fluid
bag 12.

Heparin, an anti-coagulant, is employed in both the
blood specimen introduced into sac member 13 and in the
blood plasma iniroduced into wash fluid or dialysing bag
12. The employment of heparinized blood is essential to
the satisfactory maintenance of blood herein in vitro.
Even heparin can be toxic to blood and, accordingly, the
method herein employs the minimum amount of heparin
which will prevent clotting. This amount varies with the
given individual, one person clotting more readily than
another. For the normal person this minimal amount is
on the order of .01 to .015 milligram of heparin per mil-
liliter of blood. This minimum dosage of heparin is em-
ployed in both the blood specimen in sac member 13 and
in the blood plasma in wash fluid or dialysing bag 12.
Even .02 milligram of heparin per milliliter of blood is
too toxic and will lead to destruction of red cells of the
blood. This toxicity brings about hemolysis which is
characterized by a breaking down of the envelope of the
blood cell with consequent loss of the hemoglobin which
is normally contained by the envelope. It is the con-
tinuous motion induced in both the blood specimen in sac
member 13 and in the blood plasma in wash fluid or
dialysing bag 12 which allows use of the minimal amount
of heparin in both the blood specimen and in the blood
plasma. Previous attempts fo maintain blood cultures in
vitro, where there was no such continuous motion im-
parted to the blood specimen or culture and the wash
liquid (i.e. blood plasma), necessitated the use of an
amount of heparin which is a gross amount compared to
the small amount of heparin required herein and there-
fore unfortunately toxic.

With a view toward achieving the in-vivo status of the
blood as much as possible, heparinised autologous whole
blood was employed herein as the tissue culture medium.
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6
The next best thing to using autologous heparinised whole
blood is to employ hemologous heparinised whole blood.

In-vivo mammalian blood temperature is 37° C. and
accordingly the dialysing process herein takes place with
incubator 61 maintained at this 37° C. temperature. A
slight variation of this temperature is permissible, actual
body temperature also being susceptible to slight vari-
ation. It is generally known that blood deteriorates rapidly
if incubated at 37° C. I have found however a way to
prevent the named deterioration. This is achieved by my
invention described herein, by heating the blood plasma
which is to serve as the wash fiuid to a temperature of
56° C. for a period of 15 to 20 minutes, then cooling
said blood plasma to 37° C. at which temperature it is then
introduced into wash fluid bag 12. The specified pre-heat-
ing of the blood plasma releases a dialyzable factor which
promotes the maintenance of the blood specimen in sac
member 13 when the blood plasma containing this di-
alyzable factor is employed as the wash fluid in wash
fluid bag 12. Along with other aspects of the method
employed herein, this releasing of the dialyzable factor
in the wash fluid blood plasma avoids the blood deteriora-
tion previously incident to incubation at 37° C.

A satisfactory ratio of the volume of the blood plasma
(introduced into wash fluid bag 12) to the volume of
blood (introduced into sac member 13) is from about
three to one to about six to one, the latter limit being a
preferred ratio. When the blood specimen in sac member
13 is to be maintained over a period of time, the dialys-
ing plasma in bag 12 should be exchanged (i.e. renewed)
periodically every three or four days.

The blood cells in the blood specimen contained by sac
member 13 require feeding. When the blood specimen is
introduced into sac member 13 and the blood plasma is
introduced into wash fluid bag 12 as the dialysing liquid,
care must be taken to ensure that the sugar concentration
in the blood specimen and in the blood plasma wash fluid
are the same. Otherwise osmotic exchange due to any
difference in sugar concentration between the blood speci-
men and the blood plasma will take place and will be
destructive to the blood specimen. As time passes, the
blood cells in the blood culture in sac member 13 will
metabolize (i.e., consume) sugar with the result that
water will go out of the blood into the blood plasma by
way of sac member 13 which serves as the dialysing mem-
brane and the blood specimen in sac member 13 accord-
ingly will get concentrated, that is, hemoconcentration
will take place in the blood specimen in sac member 13.
This normal consequence of the passage of time (during
which the blood specimen in sac member 13 is being
maintained) is compensated for by adding sugar to the
blood specimen in sac member 13. This can be done by
taking daily checks of the blood specimen in sac mem-
ber 13 and adding sugar, as necessary, to bring the blood
specimen back to its original concentration. The entire
process of checking the blood specimen and taking reme-
dial action can be accomplished through the use of hypo-
dermic needles which will readily pass through the tap
opening of the sac member 13 and the wall of the wash
fluid bag 12, the hypodermic needles after removal leav-
ing no permanent damage to either of these elements.

Gas source 68 supplies a gaseous mixture of air with
5 to 10 percent carbon dioxide. With this gaseous mix-
ture alternatingly applied to and removed from the blood
column contained in sac member 13, as described above,
the blood specimen in sac member 13 is maintained in
continuous motion and because of the constituency of
the gaseous mixture, the blood in sac member 13 is both
oxygenated and kept at a proper pH value. Both of these
results are necessary to the proper in-vivo-like in vitro
environment created herein. The proper pH value for the
blood specimen in sac member 13 is a pH of 7.3. A satis-
factory frequency for the inflation-deflation cycle em-
ployed with each of the legs of sac member 13 is on the
order of 5 to 6 times per minute. The pressure of the
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gaseous mixture from gas source 68 is optimally oper-
able at the pressure of in-vivo body capillary or small
artery pressure with systolic and diastolic aspects main-
tained. A representative value of such gaseous pressure is
about four centimeters water pressure. In regard to the
pH value, too much CO, will unfavorably depress the
proper pH value and too little CO, will unfavorably raise
the proper pH value.

While it is absolutely essential herein that the blood
specimen in sac member 13 be maintained in motion, it is
also preferable (though not essential) to keep the dialys-
ing plasma (blood plasma) in motion as well. This is
achieved as described supra.

The electrolyte equilibrium between the blood speci-
men in sac member 13 and the dialysing fluid (blood
plasma) in wash fluid bag 12 is maintained by osmotic
exchange. Herein the preferred dialysing fluid, as noted
above, is pooled homologous plasma. Aseptic conditions
are maintained throughout the dialysing and circulating
procedures defined herein to avoid contamination. As an
aid in this regard, a small amount of penicillin is added
to both the blood specimen in sac member 13 and to the
blood plasma in wash fluid bag 12. The amount used is
100 units of penicillin, or less, for each milliliter of blcod
or blood plasma.

Certain persons are found to have a high percentage
concentration of red cells in their total blood count. This
information is readily available from a hematocrit read-
ing. For instance, such individuals will average 45 points
on the hematocrit reading scale. When the blood speci-
men which is introduced into sac member 13 is derived
from such individuals, better results will be achieved in
the process defined herein if the blood specimen is d.iluted
by autologous plasma to bring the hematocrit reading to
something on the order of 20 to 25 points.

An essential requirement of the process herein e-
ploying blood circulating-and-dialysing chamber 11 is
the maintenance of electrolyte equilibrium within this
blood chamber 11. When the blood specimen is initially
introduced into sac member 13 and the blood plasma is
likewise introduced into wash fluid bag 12, provided that
the blood specimen and the blood plasma were obtained
from the same individual, the blood specimen and the
blood plasma will be in electrolyte equilibrium with one
another., Where the blood plasma is obtained from some
other source other than the individual whose blood speci-
men is being employed, remedial compensation can be
employed to bring these two liquids into this proper initial
electrolyte equilibrium. However, as the process of main-
taining the blood specimen continues, because of con-
tinuous evaporation of water from the blood plasma in
wash fluid bag 12, the initial electrolyte equilibrium which
existed between the two liquids, which are in osmotic
exchange via sac member 13 which serves as a dialysing
membrane, is disrupted. To remedy this natural con-
sequence of the passage of time, manual or automatic
addition of distilled water into the blood plasma in wash
fluid bag 12 will have to be performed at various intervals
in order to restore the electrolyte equilibrium which
initially existed between the blood specimen and the
blood plasma.

Summing up the above listed aspects which variously
contribute to the method herein for producing an in vitro
environment which sufficiently approximates the in vivo
environment of the blood involved, it is noteworthy to
point out that the following items are of critical require-
ment: (1) maintenance of proper electrolyte equilibrium,
(2) maintenance of proper sugar concentration, (3) em-
ployment of a “minimal” amount of heparin anti-co-
agulant for keeping the blood in a fluid state, maintenance
of proper pH value in the blood specimen, (4) oxygena-
tion of the blood specimen and (5) maintenance of the
blood specimen in motion and suspension.

Other factors previously mentioned, but not listed in
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the aforesaid grouping, are desirable, but not necessarily
essential to the maintenance of the in vivo-like in vitro
environment defined herein.

Obviously many modifications and variations of the
present invention are possible in the light of the above
teachings. It is intended to cover all changes and modi-
fications which may be made without departing from the
spirit and scope of this invention.

What is claimed is:

1. A method for maintaining blood in vitro compris-
ing the following steps:

(a) placing said blood in a dialysing chamber in
osmotic contact with a dialysing liquid capable of
receiving toxins from said blood and of supplying
blood-conditioning factors to said blood by means
of osmotic exchange;

(b) circulating said blood in an oscillating motion
during dialysis to controlled application of an oxygen
and carbon dioxide gas mixture under pressure for
the combined purposes of oxygenating said blood,
keeping said blood in motion, and buffering said
blood to a pH of approximately 7.3; and

(¢) maintaining osmotic equilibrium between said
blood and said dialysing liquid.

2. A method for maintaining blood in vitro comprising
the following steps:

(a) placing said blood in a dialysing chamber in os-
motic contact with a dialysing liquid capable of re-
ceiving toxins from said blood and of supplyng blood-
conditioning factors to said blood by means of
osmotic exchange;

(b) subjecting said blood during dialysis to controlled
application of an oxygen and carbon dioxide gas
mixture under pressure for the combined purposes
of oxygenating said blood, keeping said blood in mo-
tion, and buffering said blood to a pH of approxi-
mately 7.3;

(c) maintaining osmotic equilibrium between said
blood and said dialysing liquid;

(d) said dialysing liquid being blood plasma which
has been preheated to a temperature of about 56° C.
to release a dialysable factor therein, said blood
plasma and said blood being maintained at a tem-
perature of about 37° C. during dialysis.

3. The method of claim 2 wherein said blood plasma
has been preheated to a temperature of 56° C. for a period
of from about fifteen to about twenty minutes and then is
cooled to 37° C. for its use at the dialysing liquid with
said blood. :

4. The method of claim 3 further characterized by the
step of adding sugar to said blood as necessary to meet
the amount of sugar initially within said blood which has
been consumed and metabolized by the cells within said
blood as time passes.

5. The method of claim 3 wherein said blood has been
heparnized by the addition thereto of a minimal amount of
heparin, said minimal amount of heparin being defined
by that amount thereof which will keep said blood in a
fluid state when in motion.

6. The method of claim 5 wherein said oxygenating
gas is a mixture of approximately 90 to 95% by volume
of air and approximately 5 to 10% by volume of carbon
dioxide.

7. The method of claim 6 wherein said oxygenating gas
is applied to said blood at a pressure of substantially
4 centimeters of water.

8. A method for maintaining blood in vitro comprising
the following steps:

(a) forming said blood into a pair of substantially
vertically-extending columns which are freely inter-
connected;

(b) maintaining said columns of blood in osmotic
exchange with a dialysing liquid capable of receiving
toxins from said blood and of supplying blood-
conditioning factors to said blood;
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(c) applying a mixture of oxygen and carbon dioxide
gas under pressure to the top of one of said blood
columns while at the same time venting to atmos-
phere the top of the other of said blood columns
and periodically alternating this application of gas
from one blood column to the other, with the col-
umn not under pressare from the oxygenating gas
at any given time being vented to atmosphere, the
cyclic application and venting of said oxygenating
gas relative to each of said blood columns accom-
plishing the combined functions of oxygenating said
blood, inducing sustained circulation of said blood,
and maintaining said blood at its normal in-vivo pH
value;

(d) periodically introducing distilled water into said
dialysing bag for maintaining electrolyte equilibrium
between said biood and said dialysing liguid;

(¢) maintaining the initial sugar concentration within
said blood;

(f) said blood being provided with the smallest amount
of heparin which will keep said blood in fluid state
while in motion;

¢) said dialysing liquid being blood plasma which has
been preheated to a temperature of 56° C. for a
period of from about fifteen to about twenty minutes
and then cooled to 37° C.; and

(h) maintaining both said blood and said blood plasma
at a temperature of substantially 37° C. during the
process of osmotic exchange.

9. The method of claim 8 wherein said oxygenating gas
is a mixture of substantially 90 to 95% by volume of air
and 3 to 10% by volume of carbon dioxide.

10. The method of claim 9 wherein said oxygenating
gas is applied to said blood at substantially a pressure
of 4 centimeters of water.

11. A method for maintaining blood in vitro compris-
ing the following steps:

(a) heating blood plasma which is compatible with the
given blood to be maintained in vitro to a tempera-
ture higher than that of the in vivo temperature of
said blocd and at which a dialysable factor is released
from said blood plasma;

(b) cooling said heated blood plasma to the normal
in-vivo temperature of said blood;

(c) dialysing said blood against said blood plasma in
and carbon dioxide under pressure both to said blood
plasma are both maintained at the in-vivo tempera-
ture of said blood, and applying in a pulsating man-
ner a mixture of oxygen and carbon dioxide under
pressure both to said blood and said blood plasma.

12. A method for maintaining blood in vitro compris-
ing the following steps:

(a) heating blood plasma which is compatible with
the given blood to be maintained in vitro to a tem-
perature of 56° C. for an interval of about fifteen
to twenty minutes for releasing a dialysable factor
from said blood plasma;

(b) cooling said heated blood plasma to the normal
in-vivo temperature of said blood;

(c) dialysing said blood against said blood plasma in
an environment wherein said blood and said blood
plasma are both maintained at the in-vivo tempera-
ture of said blood and;

(d) applying in a pulsating manner a mixture of oxygen
and carbon dioxide under pressure both to said blood
and said blood plasma.

13. A chamber, adapted for the maintenance and treat-

ment of blood in vitro comprising:

(a) an impermeable wash fluid bag comprising a
medial compartment and a pair of outer compart-
ments one of which is located on each side of said
medial compartment, said medial and said pair of
outer compartments being in free fluid communica-
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tion with one another at the respective lower portions
thereof;

(b) each of said outer compartments being formed in
its upper portion with an access opening therein and
said medial compartment being formed in its upper
portion with a pair of access openings therein;

(¢) fluid conduit means, individual to each of said
outer compartments and passing into its associated
outer compartment by way of the access opening
therein and in fluid-tight sealing engagement with
the access opening involved, for permitting external
fluid communication with the given outer compart-~
ment;

(d) a permeable normally-flaccid readily expandable
tubular sac member having access openings in its
respective longitudinal ends and being substantially
disposed in said medial compartment of said wash
fluid bag in a generally U-shaped attitude therein
and with each of the longitudinal ends of said tubular
sac member positioned in one of said access openings
of said medial compartment; and

(e) means, associated with each of the longitudinal
ends of said tubular sac member and with the medial
compartment access opening in which the given longi-
tudinal end of said sac member is disposed, for clos-
ing off in a gas-tight seal both the given medial com-
partment access opening and the access opening of
the given longitudinal end of said permeable sac
member and for providing a fluid communication
pathway into said permeable sac member via the
given longitudinal end thereof;

{f) said permeable sac member being adapted to hold
blood and to act as a dialysing membrane and said
wash fluid bag being adapted to hold wash liquid
for a dialysis process to be performed via the dialys-
ing membrane represented by said permeable sac
member;

(g) each of said fluid conduit means being adapted to
adapted to connect alternately to a source of oxygen-
ating gas under pressure and then to atmosphere for
the purpose of inducing relative movement of the
wash liquid in said wash fluid bag with respect to
the blood contained by said permeable sac member
and said respective means which provide a fluid
communication pathway into said permeable sac
member via the given longitudinal end thereof being
adapted to connect aliernately to a source of oxy-
genating gas and then to atmosphere for the com-
bined purposes of inducing continual circulation in
the blood in said permeable sac member, properly
buffering said blood to an appropriaate pH value and
oxygenating said blood.
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