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ABSTRACT: An apparatus for and method of collecting and
dividing whole blood into separated portions and fractionating
the same into selected component parts thereof all within a
single deformable bag formed of flexible plastic sheet material
and providing a completely closed system requiring no reentry
from outside of the bag for the purpose of dividing or frac-
tionating the collected blood, separated portions of the whole
blood and fractionated components thereof being self-con-
tained in sealed apart sections of the bag which may be
severed from the bag as individual self-contained sealed units
each having at least one or more needle-pierceable ports for
introducing or administering the bag content; the bag being
further integrally provided with a side connecting tube afford-
ing communication between certain selected sealed sections
of the bag for reconstituting the collected blood or a constitu-
tent portion thereof as desired.
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APPARATUS FOR AND METHOD OF COLLECTING,
STORING, SEPARATING AND DISPENSING BLOOD AND
BLOOD COMPONENTS

DESCRIPTION OF THE INVENTION

This invention relates to the handling and administering of
blood and its components and more particularly to an im-
proved apparatus for and method of collecting and storing
whole blood, dividing an initially collected quantity of the
blood into smaller discrete quantities, separating out such
components of the collected whole blood as its red cells,
plasma, platelets, leukocytes and the like for separate utiliza-
tion thereof as may be desired, reconstituting the separated
cells and plasma or other components of the blood, and other-
wise handling the collected blood, including centrifugation
thereof, all of which operations are performed in a single flexi-
ble envelop the interior of which is sealed from atmosphere
and provides for fractionating the whole blood into separately
usable smaller portions or components thereof completely
free of any danger of air embolism and under such bac-
teriologically sterile and aseptic conditions as to practically
eliminate any chance of contamination from external sources.

The sterile collecting and handling of human whole blood
and the fractionation thereof into its component parts or into
smaller portions has presented numerous serious problems
which have not heretofore been adequately solved. Among
these problems has been that of insuring against contamina-
tion and degradation of the blood and its separated com-
ponents, such as cells, plasma, platelets and leukocytes by oc-
clusion of and contact with air and other aseptically deleteri-
ous agents. Recognizing these problems, various attempts
have been made in the past to solve them by providing closed
systems consisting of a plurality of flexible plastic bags inter-
connected by tubing, by means of which whole blood or por-
tions thereof collected in one bag might be squeezed into one
or more other bags of the system without incurring any danger
of contamination by infectious agents.

Since it is necessary for fractionation of the whole blood
into its component parts to subject the blood to one or more
centrifugations, the use of such plural bag closed systems has
not been entirely satisfactory because of the difficulty and in-
convenience encountered in fitting the several bags of the
system and their appendages in the centrifuging apparatus, in
addition to which the transfer of fluid from one bag to another
has proved to be a cumbersome and inconvenient procedure
because of the necessity of maintaining in some semblance of
order the interconnecting tubing and other appendages which
are incident to the multiple bag system. Further, the cost of
such system is quite considerable, particularly when it is con-
sidered that in many instances the blood is not required to be
separated into its components or is only required to be
separated into cells and plasma, and that frequently the need
for such separation is not known at that time the blood is ini-
tially collected, so that all of the bags of the system are not al-
ways required to be used and represent unnecessary cost and
expense.

Having in mind the foregoing, it is a primary object of the
may invention to provide a single bag closed system for col-
lecting and handling whole blood and within which practically
all of the operations capable of being performed in the plural
bag systems now in use may be carried out efficiently, con-
veniently and with minimum danger of contamination of the
collected blood or any fractionated portion or component part
thereof.

A further object of the present invention is to provide a sin-
gle bag closed system for collecting and handling blood which
is compact and simple to set up and use, which may be
packaged and sterilized at the source of its manufacture as a
complete transfusion unit and which is relatively inexpensive
to manufacture and economical to use. :

Other objects and advantages of the invention will be ap-
parent from the description which follows, it being understood
that the present invention consists substantially in the com-
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bination, construction, location and relative arrangement of
parts of the apparatus, as well as in its method os use, all as
hereinafter described in detail, as shown in the accompanying
drawings and as finally pointed out in the appended claims.

In the accompanying drawings:

FIG. 1 is a side elevational view of the closed system single
receptacle unit constructed in accordance with and embody-
ing the principles of the present invention, certain portions
thereof being shown in section;

FIG. 2 is a detail sectional view as taken along the line 2-2
of FIG. 1;

FIG. 3 is a sectional view of the same detail as taken along
the line 3-3 of FIG. 2;

FIG. 4 is a vertical sectional view of the receptacle as taken
along the line 44 of FIG. 1;

FIG. 5 is a detail section view as taken along the line 5-5 of
FIG. 1;

FIG. 6 is an elevational view of a clamp adapted to seal por-
tions of the receptacle from one another;

FIG. 7 is a view showing the clamp of FIG. 6 in its closed
clamping condition;

FIG. 8 is an end elevational view of the clamp as viewed
from the line 8-8 of FIG. 7,

FIGS. 9 to 13 inclusive are vertical sectional views each
taken along the line 4-4 of FIG. 1 showing the receptacle vari-
ously compartmentalized with each compartment filled with a
portion of the initially collected blood;

FIG. 14 is an elevational view showing the receptacle of
FIG. 1 horizontally and vertically separated into several
blood-receiving compartments;

FIG. 15 is a perspective view showing the receptacle of FIG.
1 in partially folded condition with the clamp attached to pro-
vide two compartments separated along the fold line;

FIG. 16 is a vertical sectional view of the unit as taken along
the line 16-16 of FIG. 15;

FIG. 17 is a perspective view of the unit shown in FIG. 15 in
its completely folded condition, showing the upper compart-
ment filled with collected blood;

FIG. 18 is a vertical sectional view of the blood-filled unit as
taken along the line 18-18 of FIG. 17,

FIG. 19 is a vertical sectional view corresponding to FIG. 18
but showing the unfilled portion of the receptacle in rolled-up
condition instead of being folded flatwise against the filled
portion as in FIG. 18;

FIG. 20 to 26 inclusive are elevational views illustrating the
successive steps employed for fractionating within the recep-
tacle the whole blood initially collected therein as shown in
FIGS. 17 and 18 into its component parts of red cells, plasma,
platelets and leukocytes; and

FIGS. 27 to 30 inclusive are elevational views illustrating
the successive steps of an aiternate procedure which may be
employed for separating out the red cells, plasma and platelets
of the whole blood initially collected and stored in the recep-
tacle.

Referring now to the drawings and more particularly to
FIGS. 1 to 5, it will be observed that the blood-handling ap-
paratus of the present invention essentially comprises a single
receptacle or container in the form of a flexible-walled
deformable bladder or bag 10 of generally rectangular outline
having its perimetral edges completely sealed and fitted at
preselected points with a main port 11 and a plurality of aux-
iliary ports 12 arranged in spaced relation to the main port and
to one another about the marginal edge of the bag. The bag 10
may be formed of a single sheet of suitable plastic material
which is folded upon itself to provide a pair of juxtaposed
panels having their registering free edges heat-sealed together,
or it may be formed of a pair of separate plastic sheets having
all of their free edges suitably sealed together, as by heat-seal-
ing, the use of adhesives or otherwise. The bag 10 is preferably
formed of sheet material manufactured of polyvinyl,
polypropylene, polyethylene fluorocarbon (e.g. “Teflon” and
“Kel-F”) derivatives and like thermoplastic resins sufficiently
transparent or translucent for visual inspection of the contents
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of the bag and capable of being heat-sealed together. The
plastic material additionally should be of medical quality, flex-
ible and sufficiently tough to withstand autoclaving, centrifu-
gation and the extremes of heat and cold to which the filled
bag may be subjected during treatment and storage of its con-
tents.

A further essential characteristic of the bag 10 of the
present invention is that it be of a size and capacity substan-
tially greater than that required for receiving and accom-
modating therein the quantity of whole blood initially col-
lected from the donor. Thus, in a case where 500 cc. of whole
blood received from the donor is collected in the bag, the
volumetric capacity of the bag should desirable be from 750 to
1,000 cc. in order to effectually carry out the procedures in
accordance with principles and objectives of the present in-
vention.

In addition to the several ports 11 and 12 provided in the
marginal edges of the bag, it is also provided along one of its
longer sides with a flexible tube 13 having its opposite ends 14
and 15 in free communication with the interior of the bag and
an intermediate portion connected, as by way of a T-connec-
tion 16, to the bag for communication with the bag interior.
However, the inner end of the T-connection is normally closed
by a removable ball-type seal 17 to prevent passage of materi-
al into and out of the bag by way of the T-connection 16 ex-
cept under certain desired conditions, as will appear more
fully hereinafter. This ball-type seal or closure member 17 is
preferably in the form of a marble of glass, metal or nonporous
other material inert to blood having a diameter somewhat
greater than the internal diameter of the T-connection tubing
so that when it is fitted in the inner end of said tubing the latter
is expanded and holds the marble in its sealing position until
such time that it is unseated from the tubing by pressure ap-
plied against the latter to squeeze the ball out of the tubing
and into the cavity of the bag. It will be understood that any
other suitable readily openable closure means may be pro-
vided in lieu of the ball closure 17 for maintaining the T-con-
nection 16 closed against flow of fluid therethrough until such
time as such flow may be desired.

In order to prevent undesired flow of fluid from one to
another section of the bag through the side connecting tube
13, its opposite ends may also be fitted with displaceable clo-
sures, such as the ball closure 17. Alternatively, the tube 13
may be pinched closed adjacent any one of its points of entry
into the bag by any suitable clamping means (not shown),
which may be removed as required to effect communication
by way of the tube between separately sealed portions of the
bag.

The tube 13 with its T-connection 16 may be formed as an
integral part of the bag 10, it being only necessary that this
tube be substantially as flexible as the material of which the
bag is formed. The main port 11 and the several auxiliary ports
12 are also formed of flexible tubing having their outer ends
each closed by a stopper 19 having a core or diaphragm which
may be readily pierced by the needle normally fitted on the
tube employed for collecting or dispensing blood and its com-
ponents. The auxiliary ports 12 may be employed in certain in-
stances as inlet or entry ports and in other instances as exit or
discharge ports and to this eénd these auxiliary ports are so
perimetrally spaced about the bag as to provide at least one
port, in each of the several separate zones or compartments
into which the bag may be divided as hereinafter described so
that each zone or compartment may thereby be provided with
an inlet and/or outlet port.

Finally, it will be noted that the bag 10 is provided at each of
its opposite ends and upon one of the sidewall panels thereof
substantially midway between its opposite ends with a pair of
laterally spaced hanger or support elements 20-20 by means
of which the bag may be suspended from either end in its fully
extended condition or from its middle in folded or partially
rolled-up condition.

The bag 10 of the present invention may be employed, as il-
lustrated in FIGS. 9 to 14 inclusive, for fractionating into
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4

smaller portions the volume of whole blood or other fluid ini-
tially collected in the bag. Thus, FIG. 9 shows the bag 10 con-
taining, for example, 500 cc. whole blood received from a
donor and introduced into the bag by way of its main inlet port
11. Since, as above mentioned, the volumetric capacity of the
bag substantially exceeds the volume of the donor’s blood col-
lected therein, only the upper portion of the bag is filled with
blood, as in FIG. 9, which quantity of blood may then be
sealed in the bag as a solid pack by heat-sealing together the
opposite side walls of the bag along the transverse line of the
clamp 22 initially applied to the bag at the proper level for the
volume of blood to be collected and contained in the bag.
When a predetermined quantity of blood is collected in the
bag, as shown in FIG. 9, and then sealed therein, it may be
dispensed therefrom by way of any one of the ports which isin
communication with the blood-containing portion of the bag.

Since the interior of the bag as manufactured is effectively
purged of air, the blood taken from a donor is readily in-
troduced into the bag through the inlet port 11 without the
need of providing the bag with any air venting means. As the
blood is collected in the bag or dispensed therefrom the bag
shape automatically adjusts itself accordingly as the volume of
blood in the bag changes and thus there is never any danger of
the blood being contaminated by contact with outside air.

It is frequently desired that small amounts of the initially
collected blood b made available for use, as where one or
more infant-size infusions of whole blood are required each
derived from a single adult donation of blood. The bag 10 of
the present invention permits such fractionation of a single
quantity of blood obtained from a donor. Thus, FIG. 12 shown
the bag divided into two separately sealed compartments each
containing a portion of the blood initially collected in the bag,
while FIG. 13 shows the bag as it might be divided into three
separately sealed compartments.

This division of the blood quantity collected in the bag into
two or more smaller quantity portions is readily effected by
squeezing apart within the bag those portions of the blood
which are to be separated from one another, then clamping
together the intermediate juxtaposed sidewall portions of the
bag by means of clamps 22-22 to provide therebetween an oc-
cluded area 23 and then heat-sealing together, as by a suitable
electrically energized heat elements 24 extending transversely
across the width of the bag, those portions of the bag side walls
from between which the blood was expressed and occluded.
The several compartments respectively containing separate
sealed-in portions of the whole blood received from a single
donor may then be cut apart, as at 25 (FIG. 12) or along the
lines designated 25a (FIG. 13), to provide individual self-con-
tained blood-containing units each having one or more exit
ports 12 through which the blood may be discharged either by
gravity flow from th bag when suspended above the point of its
application or by squeezing it out of the deformable bag unit.
In certain instances instead of heat-sealing the occluded area
23, it may be maintained sealed against entry of fluid thereinto
by the clamps applied permanently to the bag and suitably
spaced apart between which clamps the bag may be cut apart.

FIG. b and 7 illustrate a form of hemostatic clamp which
may be employed for creating the above mentioned occluded
areas to be heat-sealed together, which clamp as shown con-
sists simply of a wire bent upon itself to provide a pair of arms
26-26 joined together by a spring loop 27 which normally
biases the arms into open condition as shown in FIG. 6. The
arms 26-26 are designed to straddle the bag width-wise and
when pressed together squeeze the juxtaposed particular walls
of the bag into such close contact as to prevent flow of the
fluid in the bag past the line of contact between the bag side
walls. The clamp is held in its locked position by a retainer clip
28 fixed to a free end of one arm 26 for removably receiving
the free end of the other spring-pressed arm 26. Of course, any
other suitable hemostatic clamp may be employed in lieu of
that shown and described and accordingly it will be un-
derstood that the present invention is not limited or restricted
to the use of the particular clamp as shown.
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FIG. 14 illustrates how the bag 10 of the present invention
may be further separated into several self-contained blood-
filled compartments. Thus, instead of dividing the bag into
vertically spaced units, it may be divided into several laterally
spaced compartments 28 each of which may extend the full
length of the bag or it may be divided, as shown, into several
such laterally spaced compartments 28 of shorter length than
the overall length of the bag formed in the upper portion
thereof plus an additional compartment 29 formed in the bot-
tom portion of the bag. In this latter form of division of the
bag, it may be desirable to first separate the bag into two main
vertically spaced compartments and then after cutting the
same apart, as at 30, thereafter separating the upper compart-
ment into its several laterally spaced sections as shown. Of
course, all of the sealed-apart compartments may be cut apart
as previously described, or any one of the sealed compart-
ments may be cut apart from the bag as a whole, leaving intact
the remaining portion of the bag with a plurality of blood-
sealed compartments to be subsequently cut apart as may be
desired or required for use.

Of course, when any separately sealed compartments of the
bag is severed therefrom, it-will be necessary to also cut
through the side connecting tube 13 and it is for this reason
that the intermediate T-connection 16 thereof is provided at
its exit end with a removable closure, such as the ball-type seal
17, so that should one of the individually sealed compartments
encompass the T-connection, severance of the tube at any
point along its length would not result in discharge of the fluid
contained in such sealed compartment except by way of a
dispensing tube having a needle at one end projected through
the stopper closing that particular one of the exit ports which
is used. As previously mentioned, the several exit ports 12
which are suitably sealed into the marginal edges of the bag
are so strategically spaced as to provide each separately sealed
compartment of the bag with at least one of said ports for
discharge of the fluid content of each said separate compart-
ment.

Also, as previously mentioned, the bag as a whole is of sub-
stantially larger volumetric capacity than the volume of blood
initially collected therein. Thus, referring to FIGS. 15 to 18, it
will be observed that the bag 10 may be clamped substantially
midway of its length, as by the hemostatic clamp 22 shown and
described or any other suitable clamp, to provide two
separated compartmented segments 10a and 10b only one of
which, e.g. that designated 105, may be filled to full capacity,
as see FIG. 17, with whole blood from the donor introduced
by way of the main entrance port 11. The remaining unfilled
segment 10a of the bag provides free space necessary for frac-
tionating the whole blood into two or more of its components
as will be presently described.

This unfilled segment 10a, which remains sealed and purged
of air may be folded flatwise against one side wall of the filled
segment of the bag, as shown in FIGS. 17 and 18, or it may be
rolled up and secured compactly against the side wall of the
filled segment of the bag by a strip of adhesive tape 31, as
shown in FIG. 19. In this partially filled condition of the bag, it
may be held suspended from a suitable support either by its
hanger elements 20-20 provided at the top end of the bag or
by such elements fixed to the bag intermediate its opposite
ends, as in the region of the clamp shown in FIG. 15 to 19.

Of course, the precise location of the clamp 23 will depend
upon the volume of whole blood initially collected therein, its
position being such that the blood-expanded postion of the
bag is completely filled with blood and so contains no free
space into and from which the contained blood may shift.
Such solid packing of the blood in the blood-containing por-
tion 10b of the bag is a requisite for proper and effective cen-
trifugation of the blood required for separating its several
components. Also, by providing such a solidly packed en-
velope of blood having no cumbersome appendages or con-
nected auxiliary bags, it becomes a simple matter to place and
properly hold the envelope in a centrifuge for centrifugation
of the whole blood.

20

25

35

40

45

55

60

65

70

75

6

FIGS. 20 to 26 illustrate the procedure involved with use of
the bag of the present invention for fractionation of the whole
blood as originally collected from a donor into its several com-
ponent parts, such as red cells, plasma, platelets and/or leuko-
cytes. Assuming that the whole blood collected from a donor
is solidly packed in the portion 18b of the bag as shown in FIG.
17 and that the bag is conditioned as shown in FIG. 18 or in
FIG. 19 with the hemostatic clamp 22 fixed in position, the
bag so filled with whole blood is placed in a centrifuge and
therein subjected to such centrifugation as to separate the
whole blood into its red cell and plasma parts. The centrifug-
ing is conducted at a speed and for a period of time sufficient
to effect isolation of the red cells and plasma within the por-
tion 10b of the bag, without necessitating any reentry into the
bag. Upon completion of such centrifugation, the plasma com-
ponent, being of lower specific gravity than the red cells, will
appear as a strata above the red cells and be separated from
the latter by an intervening narrow strata of leukocytes, At
this stage of the procedure, the plasma contains platelets
which require for their isolation from the plasma, a second
centrifugation at a speed and for a time longer than that
required for separating out the red cells from the whole blood.

The centrifuged bag 10 is then carefully unfolded and
suspended full length with its' main entry tube presenting
downwardly, following which the hemostatic clamp 22 is
removed, so that as shown in FIG. 20 the suspended bag con-
tains a bottom strata of red cells, an intermediate layer of leu-
kocytes, a top strata of platelets-containing plasma and an
upper section of free space, designated S.

Thereupon, a hemostatic clamp 22a (see FIG. 21) is
clamped upon the bag along a line demarcating the upper
level of the red cells and the bag is then squeezed in the region
immediately above said clamp to shift the fluid content away
from the red cells to provide an occluded zone between the
red cells and the leukocytes. A second clamp 225 is then
clamped upon the bag along the upper line of this occluded
zone to prevent reentry of the shifted fluid into said zone,
whereupon, while both clamps remain fixed in position, the
opposite walls of the bag in the occluded zone thereof are
heat-sealed together, as at 32. This heat-sealed area 32 now
serves effectively to seal and contain the red cells within a
compartment 33 formed in the bottom of the bag. The two
clamps 224 and 22b may then be removed from the bag.

Thereafter, the same pair of clamps 22a and 22b may be
successively applied to the bag, as shown in FIG. 22, to shift
the plasma away from the layer of leukocytes which im-
mediately overlies the heat-seal and to provide between the
plasma and the leukocyte an occluded zone to be heat-sealed,
as at 34. Upon completion of this heat-seal and removal of the
clamps, the leukocytes will be sealed within a narrow com-
partment 35 disposed just above that containing the sealed-in
red cells, as shown in FIG. 23.

As above mentioned, the plasma contained in the bag above
the heat-seal 34 includes platelets and for isolation of these
platelets from the plasma, a hemostatic clamp 22 is applied to
the bag along the line 36 delineating the upper level of the
plasma contained in the bag as shown in FIG. 23. This clamp
22¢, applied as shown in FIG. 24, solidly packs in the bag the
plasma content thereof against shifting movement therein and
with the plasma-containing platelets thus temporarily sealed
between the heat-seal 34 and the clamp 22c, the bag is sub-
jected to a second centrifugation at the higher speed and
longer time above mentioned for isolating the platelets from
the plasma. For this second centrifuging operation, the bag
may again be folded upon itself so that the plasma-filled por-
tion thereof is disposed in juxtaposed relation to the portion
thereof containing the separately sealed-in red cells and leu-
kocytes.

Upon completion of this second centrifugation, the bag is
again suspended full length as shown in FIG. 24 in which con-
dition the platelets will appear separated from the plasma
along the line 37. Thereupon, the clamp 22c is removed and a
pair of clamps 22a and 22b are again applied to the bag, as
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shown in FIG. 25, to shift the plasma away from the platelets
which now immediately overlay the heat-seal 34 and to pro-
vide between the plasma and the platelets an occluded zone to
be heat-sealed, as at 38, and so provide a separately sealed
compartment 39 for the platelets and a sealed compartment
40 for the plasma. Following completion of this last-men-
tioned heat-seal, the hemostatic clamps are removed and the
bag 10 is then in its final condition as shown in FIG. 26
wherein the red cells, the leukocytes, the platelets and the
plasma are isolated from one another and individually con-
tained in the separately sealed compartments, respectively
designated 33, 35, 39, and 40, which last-mentioned compart-
ment containing the plasma is of substantially greater volume
than the volume of plasma contained therein by reason of the
fact that it includes the free space initially provided in the top
portion of the bag.

It will not noted that in carrying out the procedure just
described and as illustrated in FIGS. 20 to 26, the isolated
platelets end up in a sealed section of the bag located between
the sealed red cell and leukocyte sections and the sealed
plasma section. In some instances, however, it is found desira-
ble to locate the sealed platelets at one end of the bag so that
upon severing the platelet section from the bag, the remainder
of the bag, containing the sealed red cell and plasma sections
thereof, remains intact. -

FIGS. 27 to 30 are illustrative of this alternative procedure
for fractionating the components of the whole blood collected
in the bag. In this alternate procedure, following the first cen-
trifugation above mentioned to isolate the red cells and leuko-
cytes and after these components have been sealed in their
respectively separate sections 33 and 35 of the bag as shown in
FIG. 23, the bag is inverted from its position shown in said
FIG. into its position as shown in FIG. 27. In this latter posi-
tion the compartments 33 and 35, in which the red cells and
leukocytes are separately sealed, are located in the top portion
of the bag, while the platelet-containing plasma drops to the
bottom of the bag leaving a free space therein between the
upper level of the plasma, indicated by the line 41, and the
second or bottom heat-seal of the leukocyte section.

A hemostat clamp 24d is then applied to the bag along the
line 41 to compact the platelet containing plasma for centrifu-
gation thereof, resulting in separation of the plasma and the
platelets, which latter because of its greater specific gravity
forms a strata below that of the plasma. Upon then successive-
ly applying a pair of the hemostatic clamps as above described
to shift the plasma in separated relation to the platelets, and
then seal these components apart, as at 42, the platelets are
confined within their own sealed compartment 43 at the very
bottom of the bag, while the plasma is confined within its own
sealed compartment 44 intermediate the platelets and the
sealed-in leukocytes. As in the first procedure illustrated by
FIGS. 20 to 26, the intervening compartment 44 in which the
plasma is sealed is of substantially greater volumetric capacity
than the volume of the plasma contained therein, due again to
the fact that the compartment 44 includes a good measure of
the free space originally contained in the bag.

It will be noted that each of the individually sealed compart-
ments of the bag, which respectively contain separated com-
ponents of the whole blood originally collected in the bag, is
provided with at least two ports, one of which may serve as an
entrance port and the other as an exit port Also any one or
more of the several compartments may be severed from the
bag to provide a self-contained hermetically sealed unit con-
taining a fractionated portion of the blood for such separate
infusion or other use thereof as may be required or desired
without necessitating any reentry of any of the sealed com-
partments. It is in this connection that the provision of free
space in at least one of the compartments is of importance.
Thus, should it be desired to reconstitute, i.e., admix, the
separately sealed in plasma and red cells in the bag of FIG. 26,
this may be accomplished readily and without danger of con-
tamination by contact with air or of creating any air embolism
when the reconstituted fluid is given to the patient by the sim-

20

25

30

35

40

60

65

70

75

8

ple expedient of squeezing the red cells out of its sealed com-
partment into the plasma-containing compartment by way of
the tube 13 the opposite ends of which are in sealed communi-
cation with the interiors of these two compartments.

If such reconstitution is desired in the bag prepared as in
FIG. 30, the red cells may be squeezed by way of the tube 13
into the plasma-containing section of the bag, to do which the
portion of the tube extending below the T-connection 16
would necessarily be clamped closed and the ball valve 17
pushed out to provide communication only between the red
cell and plasma-containing compartments.

Should it be desired to reconstitute the plasma with
platelets, this would be effected by use of the bag prepared as
shown in FIG. 30 wherein the platelet-containing compart-
ment is in communication with the plasma-containing com-
partment by way of the tube 13.

It will be understood, of course, that the connecting tube 13
may be provided with additional T-connections beyond the
single one shown to provide intercommunication between any
two or more of the separated compartments and that other
modifications or changes may be made from time to time
without departing from the essential principles or real spirit of
the present invention. It is accordingly intended to claim the
invention broadly, as well as specifically, as indicated by the
appended claims.

I claim:

1. Apparatus for the collection, treatment and storage of
whole blood comprising a hermetically sealed, air evacuated,
collapsible bag having a pair of perimetrally sealed juxtaposed
side wall panels of substantially nonstretchable thermoplastic
material, said side wall panels being collapsed against one
another when the bag is in its empty condition, a plurality of
ports communicating with the interior of the bag spaced from
one another about the bag perimeter whereby upon division of
the bag within the confines of its perimeter into a plurality of
adjoining regions each such region is provided with at least
one port for introduction and administration of that portion of
the blood which is confined within a given region of the bag,
each of said ports being sealed by needle-pierceable closure
means, said bag being further characterized by the fact that its
volumetric capacity is such that when a given supply of
donor’s blood is collected therein through any one of said
entry ports a substantial amount of free space remains present
in the bag between sidewall portions thereof having substan-
tial areas of their inner faces in intimate flatwise contact, said
free space being sufficient to permit shifting of portions of the
blood from one to another region of the bag by applying exter-
nal pressure to the opposite side wall panels of the bag and so
create occluded areas between said adjoining regions which
may be hermetically sealed to compartmentalize the bag, and
means for sealing the filled portion

2. An apparatus as defined in claim 1 wherein the free space
portion of the bag, as a flattened end extension thereof, is
foldable about the line of said sealing means flatwise against a
sidewall of the filled portion of the bag.

3. An apparatus as defined in claim 1 wherein said flattened
end extension of the bag is adapted to be rolled up and tem-
porarily secured in its rolled-up condition against a sidewall of
the filled portion of the bag.

4. An apparatus as defined in claim 1 wherein said occluded
areas are heat-sealable to divide the bag into a plurality of
separately sealed compartments each filled with a portion of
the donor’s blood initially collected in the bag.

5. An apparatus as defined in claim 4 wherein said heat-
sealable occluded areas extend from side to side of the bag to
provide a plurality of vertically spaced compartments.

6. An apparatus as defined in claim 4 wherein certain of said
heat-sealable occluded areas extend longitudinally of the bag
to provide the same with a plurality of laterally spaced com-
partments.

7. Apparatus for the collection, treatment and storage of
whole blood comprising a hermetically sealed, air-evacuated,
collapsible bag having a pair of perimetrally sealed juxtaposed
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side wall panels of substantially nonstretchable thermoplastic
material, said side wall panels being collapsed against one
another when the bag is in its empty condition, a plurality of
ports communicating with the interior of the bag spaced from
one another about the bag perimeter whereby upon division of
the bag within the confines of its perimeter into a plurality of
adjoining regions each such region is provided with at least
one port for introduction and administration of that portion of
the blood which is confined within a given region of the bag,
each of said ports being sealed by needle-pierceable closure
means, said bag being further characterized by the fact that its
volumetric capacity is such that when a given supply of
donor’s blood is collected therein a substantial amount of free
space remains present in the bag sufficient to permit shifting
of portions of the blood from one to another region of the bag
by applying external pressure to the opposite sidewall panels
of the bag and so create occluded areas between said adjoin-
ing regions which may be hermetically sealed to compartmen-
talize the bag, said bag including as an integral part thereof
flexible fluid-flow conduit means disposed in external relation
to the bag interior and extending along at least one side edge
of the bag to effect intercommunication between selected
spaced regions of the bag interior.

8. An apparatus as defined in claim 7 wherein said conduit
means is connected at its opposite ends to spaced regions of
the bag and is provided intermediate its opposite ends with at
least one connection to an intermediate region of the bag.

9. An apparatus as defined in claim 7 wherein said conduit
means is adapted to be selectively sealed against flow of fluent
through its points of connection with the bag interior.

10. An apparatus as defined in claim 9 wherein at least one
of said points of connection of the conduit with the bag interi-
or includes a sealing element in said conduit which is shiftable
by manipulation of the conduit wall from.a position in which it
normally seals said one point of connection against flow of
fluent therethrough into a position opening said point of con-
nection to flow therethrough.

11. An apparatus as defined in claim 9 wherein said conduit
means may be sealed against flow therethrough by clamping
the conduit tubing closed at any point along its length.

12. Blood component separation apparatus comprising a
single baglike receptacle formed of flexible, hemorepellant
plastic sheet material, said receptacle being formed of a pair
of juxtaposed wall panels having their perimetral edges sealed
to provide therebetween an hermetically sealed, air-evacuated
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interfacial region adapted to receive and contain a measured
quantity of blood collected from a donor, means associated
with said receptacle and manipulable externally thereof for
isolating within the receptacle separated components of the
blood and respectively sealing the same in separate individual
compartments formed in the single receptacle and means in-
tegral with said single receptacle and disposed externally of its
interfacial region for effecting communication between cer-
tain of said individually sealed compartments of the receptacle
for reconstituting the blood components respectively con-
tained in said communicating compartments.

13. Apparatus as defined in claim 12 wherein said interfa-
cial region is of a volumetric capacity when expanded substan-
tially greater than the volume of blood collected in the recep-
tacle whereby said volume of blood may be packed solidly
against shifting within a portion of said interfacial region with
the remainder of said region left in flattened condition in the
form of a flap positionable against a side of the blood-filled
portion of the receptacle for centrifugation of the collected
blood.

14. Apparatus as defined in claim 12 wherein each of the in-
dividually sealed compartments containing an isolated blood
component is provided with an exit port having a needle-
pierceable closure through which the isolated component may
be withdrawn for use as desired.

15. An aseptic single bag closed system for receiving, stor-
ing and separating a measured quantity of whole blood into

several smaller quantities or fractionating said whole blood to
isolate two or more components thereof, said system including

a single bag formed of a pair of juxtaposed, flexible side wall
panels of hemorepellant, flexible, plastic material perimetrally
joined together to provide an air-evacuated interfacial region,
a plurality of perimetrally spaced ports respectively affording
access to different portions of said interfacial region, flexible
fluid conduit means external of said interfacial region formed
integrally with said bag for effecting communication between
certain of said different portions of said interfacial region, and
means associated with said bag and manipulable externally
thereof for isolating and sealing within said single bag separate
portions of the blood or components thereof.

16. An aseptic system as defined in claim 15 wherein said
isolated sealed portions of the blood or its components are
each severable from the bag as self-contained units respective-
ly adapted to store and dispense as needed the fluent con-
tained therein.



