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(57) Abstract

A multiple bag system (10) for preparation of blood com-
. ponents. Donated blood tubing (12) communicates at one end
- with a first blood bag (14). A first compartment (18) is in flow
communication with the donated blood tubing (12) the first
compartment (18) containing a physiologically-acceptable, dry
anticoagulant (20) for blood. Thus, blood may flow through the
first compartment (18) to receive a predetermined amount of
the anticoagulant (20) and pass through the donated blood tu-
bing (12) to the first blood bag (14). Second blood tubing (30)
communicates between the first blood bag (14) and a second
blood bag (32). First branch tubing (34) communicates between
the first bag (14) and a second compartment (38). The second
compartment (38) contains another physiologically-acceptable
dry material, for example for reconstituting into a red blood cell
preservative solution, for reconstituting into a platelet preserva-
tive solution, by addition of sterile, aqueous liquid. Means are
provided permitting aseptic passage of sterile, aqueous liquid
through the second compartment (38) to receive a predeter-
mined amount of the dry material, to reconstitute it into the de-
sired solution, and permitting passage thereof into one of the
blood bags.
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MULTIPLE BAG SYSTEM

TECHNICAL FIELD

In the United States Patent Application entitled
Controlled Administration of Beneficial Agent to
Blood, assigned to Baxter Travenol Laboratories,

Inc. and filed on the same day as this present application,
a technique and apparatus is provided for providing

a dry anticoagulant system which is reconstituted

by blood passing through the anticoagulant. Such

a system has numerous advantages. For example, each
aliquot of the blood may be exposed to a relatively
uniform concentration of anticoagulant. To the contrary,
in conventional blood bags which contain a small

amount of anticoagulant solution, the initial aliguots

of blood which enter the bag are exposed to an undesirably
high concentration of anticoagulant.

Additionally, with the use of a dry anticoagulant
which is reconstituted by the blood, sterilization
procedures for the blood bags may be greatly simplified,
and the additional moisture barrier packing used
with conventional blood bags may be eliminated.

By this invention, an improvement is provided
in which blood is not just placed into anticoagulated
form by means of a dry anticoagulant, but blood components
may be collected and stored, making use of more than
one dry beneficial agent for the blood. Nevertheless,
the system may retain the significant advantages
of easier sterilization because of the initial absence
of water from the system in certain embodiments of
the invention. Thereafter, an aqueous solution may
be used to reconstitute beneficial agents that are
used in conjunction with separated blood components.
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DESCRIPTION OF THE INVENTION

In accordance with this invention a multiple
bag system is provided for preparation of blood camponents.
The system comprises donated blood tubing to be in
communicating relation with one end with a first
blood bag, and typically carrying a donor needle
at its other end. A first compartment is positioned
in flow communication with the donated blood tubing,
with the first compartment containing a physiologically-
acceptable, dry anticoagulant for blood.

Thus, blood may flow through the first compartment
to receive a predetermined amount of the anticoagulant,
and pass through the donated blood tubing to the
first blood bag, carrying such anticoagulant in a
generally predetermined and desired concentration.

Second blood tubing is provided, communicating
between the first blood bag and a second blood bag.
First branch tubing communicates between the first
bag and a second compartment. The second compartment
may contain a physiologically-acceptable dry material
which may be reconstituted into a red blood cell
preservative solution by addition of sterile, agueous
liquid. Means are provided to permit aseptic passage
of sterile, aqueous ligquid through the second compartment
to receive a predetermined amount of the dry material
into solution to form the preservative solution and
permitting passage thereof into the first bag.

The means permitting aseptic passage of sterile
agqueous liquid may include a conventional aseptic or sterile
connection device positioned on the end of the first

‘branch tubing to provide connection with a desired

sterile solution container which holds, for example,
normal saline solution or any other desired agueous

solution for reconstitution of the dry material into
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a red blood cell preservative solution. For example,
the dry material in the second compartment may be
reconstituted into a solution having a formulation
similar to ADSOLT°M‘, which is a commercially available
packed red cell storage solution sold by Baxter Health-
care Corporation of Deerfield, Illinois. However,
any other red blood cell reconstitution solution
may be used as desired.

Specifically, the branch tubing described above
may connect to the second blood tubing, to communicate
with the first bag via such second blood tubing.
Alternatively, the branch tubing may connect directly
with the first bag. Additionally, added blood tubing
may communicate between the second blood bag and
an added blood bag, with added branch tubing communicating
between the second bag and a second compartment.
The second compartment, in turn, may contain a physiologically
acceptable dry material which may be reconstituted
into a platelet preservative solution by addition
of sterile, aqueous liguid such as normal saline
solution. Also, means are provided permitting aseptic
passage of such sﬁerile aqueous ligquid through the
second compartment to transfer a predetermined amount
of the dry material into the solution, to form the
preservative solution, and permitting passage thereof
to pass typically to the second bag. This dry precursor
for platelet preserving solution found in the second
compartment may be formulated so that, upon reconstitution

‘with a sterile aqueous liquid, an effective platelet

storage solution may be provided. One example of

such a platelet storage solution is Seligmann balanced

salt solution as described in U.S. Patent No. 4,447,415.
The second branch tubing may connect to the

added blood tubing and thus communicate with the

first bag via such added blood tubing. Alternatively,
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the second branch tubing may directly connect with

the second blood bag.

It is generally preferable for all of the tubes
and bags of the system to be permanently, integrally
interconnected with each other. However, alternatively,
the tubes and bags may be initially in several separate
sections, being connectable by means of conventional
sterile connector technology of a type well known
in the art. )

By the above=described bag system, it is possible
for the system to be initially dry for ease of manufacture
and other advantages. Then, blood may be collected,
passing through the first compartment and the donated
blood tubing to pick up a desired amount of anticoagulant-
nutrient and to be conveyed to the first bag. Then,
the system may be centrifuged in conventional manner,
following which platelet-rich plasma is expressed
through the second blood tubing into the second bag.
Following this, an aqueous solution may be passed

" through the second compartment and the first branch

tubing to form a packed red cell preservative solution.
This preservative solution is then passed into the
first bag to reconstitute the packed red cells and
to place them into a mode appropriate for storage.
Following this, the first bag may be aseptically
removed in conventional manner for storage, and the
second bag is once again centrifuged, if desired,
to separate platelets from the plasma. The platelet-
poor plasma may be expressed through the added blood
tubing from the second bag to the added blood bag.
After this has taken place, the second branch tubing,
connected to a source of sterile solution, may receive
such sterile solution which passes through the added
or third compartment to form a platelet preservation
solution by dissolution of the dry contents of the
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third compartment. This solution may be directed to
the second.bag, to resuspend the platelets for storage
purposes.

The platelet poor plasma-containing bag may
then be aseptically separated by conventional heat
sealing and cutting of the appropriate blood tubing,
so that each bag is separated from the others and
conveyed to its separate use.

Thus, by this invention, blood components may
be drawn and separated into blood bags which are
initially dry, under circumstances where the blood
does not enter even transiently into contact with
excess concentrations of any of the beneficial agents
used. The respective branch tubings may, if desired,
be connected at the site of use with a bag or other
container of appropriate aqueous solution by means
of known sterile connector technology, to provide
the desired storage solutions for use in accordance
with this invention.

In another preferred embodiment, one or more
solution containers may be manufactured as an integral
unit with the compartment having thé dry agent, separated

by a frangible connector.

DESCRIPTION OF DRAWING

Fig. 1 is a partially diagrammatic plan view
of a multiple bag container made in accordance with

this invention.

-
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DESCRIPTION OF SPECIFIC EMBODIMENTS

Referring to the drawings, a multiple bag system
is provided for preparation of blood components.

System 10 comprises donated blood tubing 12
which communicates at one end with first blood bag
14 and typically carries at its other end a conventional
blood donation needle 16. However, needle 16 is
not a necessary part of the invention, in that the
blood may be received from another container, from
a plasmapheresis apparatus, a blood collecting machine,
or the like, where a different type of connector
other than needle 16 might be used.

First compartment 18 is positioned intermediately
along the length of tube 12 in direct flow relation
at both ends therewith. First compartment 18 contains
a dry anticoagulant in such a form that when blood
passes through compartment 18, it picks up by dissolving
action the components of the dry anticoagulant present,
carrying the dissolved components along with itself
throughout tube 12 into first bag 1l4.

Specifically, first compartment 18 contains
a tablet 20 of rectangular, thin shape. Tablet 20
is made of a glassy, solid mass of dry blood storage
anticoagulant preparation, typically having a water
content on the order of no more than about 2 percent
by weight. The inner walls of both sides of first
compartment 18 define an array of small projections
22 which project inwardly to define flow passages
between the inner walls 24 of both sides of first
compartment 18 and the surface of anticoagulant
tablet 20. Alternatively, separate portions of
screening or the like may be used as a spacing

member to define such flow passages, as a substitute
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for the small inwardly extending projections 22.
As shown, first compartment 18 has an inlet
26 and an outlet 28 that respectively communicate

with length of donated blood tubing 12.
Specifically anticoagulant preparation tablet
20 may comprise, for example, a dried mixture of:

Weight Percent Present

Dextrose 44
Sodium Citrate 46
Citric Acid 6
Sodium Biphosphate 4

The above dextrose is dissolved as a near saturated
solution in water by heating to boiling. Then water
is removed by boiling under a vacuum of about 2
inches of mercury at about 70°, increasing to about
295°F. at the end of the process, until the dextrose
reaches the desired water content of 2 weight percent
or less (as defined by its temperature at the air
pressure obtained by the vacuum system). The viscous
mass is then cooled to avoid crystalization, to obtain
a supercooled solution.

The other ingredients are added when the temperature
of the molten dextrose falls to about 200°F., with
vigorous stirring or alternatively in a twin screw
extruder, to form a homogeneous mass. This material
is molded into the desired shape and allowed to solidify,
to form a white, glassy mass in the shape of tablet
20, which may be then placed in compartment 18.

Blood bag 14 may be initially free of any anti-
coagulant. The entire system, including tablet 20,
is typically radiation sterilizable, since it is
substantially free of moisture. Additionally, no
overpouch or other outer package is required to prevent
the loss of water from a liquid anticoagulant present,
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which constitutes a significant advantage over the
conventional, present blood collection equipment.

Thus, as blood flows into bag 14, it picks
up from first compartment 18 the desired amount of
anticoagulant material. As another example, the
anticoagulant may simply be a mixture of about 50
parts by weight of sodium citrate and about 10 parts
by weight of citric acid, to form a short term anticoagulant
for the blood.

After the blood has been collected into first
bag 14, it may be centrifuged in conventional manner
to settle the red cells. Then, the platelet-rich
plasma is expressed through second blood tubing 30
into second bag 32, leaving behind in first bag 14
the packed red cells.

To resuspend the packed red cells, one may
connect a branch tubing 34, having a sterile connector
37 utilized in commerical operations of the Fenwal
Division of Baxter Travenol Laboratories, Inc. and
disclosed, for example in U.S. Patent No. 4,340,097,
connecting with a collapsible container 36 of aqueous
solution. The nature of the aqueous solution depends
upon the formulation in second compartment 38. For
example, sterile water might be used, or, if desired,
a dilute sugar or saline solution, with the formulation
of the dry ingredient in second compartment 38 being
appropriately modified in that circumstance to account
for the added presence of sugar or saline.

Second compartment 38 in branch tubing 34 may
be of construction similar to compartment 18, containing
dry, soluble material. The dry material within second
compartment 38 may also be similar to tablet 20,
but generally of different formulation. Specifically,
the tablet of the dissolvable material in compartment
38 may be formulated to reconstitute a red cell storage
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solution when liquid passes through compartment 38
and tube 34, such reconstituted storage solution
containing 27 mg./dl. of adenine, 2,000 mg./dl. of
d-glucose, 750 mg./dl. of mannitol, and 550 mg./dl.
of sodium chloride, this solution being substantially
like ADSOL packed red cell preservative solution

as described above.

After the platelet rich plasma has been expressed
into second bag 32, the reconstituted red cell preservative
solution may pass through tubings 34, 30 to resuspend
the red cells in bag 14.

Following this, one may heat seal and cut tube
30 in conventional manner, to take first bag 14,
with the resuspended packed red cells, away for cold
storage.

Second blood bag 32 is then centrifuged to
cause separation of platelets from the plasma. After
the platelets have been so separated, as is conventional,
the platelet poor plasma is expressed through added
blood tubing 40 into added bag 42. Bag 42 may then
be clamped off, and second branch tubing 44 may be
connected by means of another sterile connector 46

' wor the like, similar to sterile connector 37, to

another container 48 of aqueous solution. After sterile
connection has been made, the solution flows through
added compartment 50 (similar to compartment 38)

and second branch tubing 44 into second bag 32, picking
up dry solutes to become a reconstituting solution

to resuspend the platelets in bag 32 for storage
purposes. As stated previously, a typical platelet
reconstituting solution which may be used is Seligman
balanced salt solution having a formula as described

in U.s. Patent No. 4,447,415. The dry materials

in compartment 50 would be appropriately formulated

to form such solution. Added blood tube 40 may then
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then be sealed and severed in a conventional manner,

so that the respective, sealed bags 32 and 42, containing
their respective contents, may be conveyed to different
storage sites.

As an alternative and preferred embodiment,
referring to Fig. 1, collapsible container 36 and
second compartment 38 may be made as a single, integral
unit, with integral, frangible connector 37 being
placed between them to limit the flow of aqueous
solution from container 36 into second compartment
38, which contains a dry material for dissolution
into the liquid. The same relationship may apply
with respect to container 48 and added compartment
50, being manufactured in integral manner and separated
by integral connector 46. Numerous frangible connectors
are well-known to the art. One design of an integral,
two-compartment system separated by a frangible connector
is disclosed in Richmond, et al. U.S. Patent No.
4,465,488. Apart from the above modifications, this
embodiment may be as previously described with respect
to Fig. 1.

Such a multiple bag system has significant
advantage in that it is relatively inexpensive to
manufacture, when compared with systems that utilize
corresponding sterile connectors, where a sterile
connection must be made to connect originally separate,
respective parts of the system. As an additional
advantage, it becomes possible to gamma ray sterilize
such a multiple bag system, since the liquid in bags
36, 48 is isolated from the solids of compartments
38, 50, 18. Thus the multiple bag system described
above is not only relatively inexpensive to manufactﬁre,
but it is easy to sterilize, for large-scale, commercial
mass production.
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Accordingly, by this invention a system is
provided having interconnected blood bags that are
initially water free, for advantages as described
above. The system may be used to not only collect
blood, but to break it down into its respective
components, and to store the components with artificial
suspension solutions. Additionally, white cells
may be separately collected and treated in a four
bag assembly, if desired.

The above has been offered for illustrative
purposes only, and is not intended to limit the scope
of the invention of this application, which is as
defined in the claims below.
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THAT WHICH IS CLAIMED IS:

1. A multiple bag system for preparation of
blood components, which comprises:

donated blood tubing communicating at one end
with a first blood bag, a first compartment in flow
communication with said donated blood tubing, said
first compartment containing a physiologically-acceptable,
dry anticoagulant for blood, whereby blood may flow
through said first compartment to receive a predetermined
amount of said anticoagulant and pass through said
donated blood tubing to said first blood bag;

second blood tubing communicating between said
first blood bag and a second blood bag, first branch
tubing communicating between said first bag and a
second compartment, said second compartment containing
a physiologically-acceptable dry material which may
be reconstituted into a red blood cell preservative
solution by addition of sterile, aqueous liquid,
and means permitting aseptic passage of sterile,
aqueous liquid through said second compartment to
receive a predetermined amount of said dry material
into solution to form said preservative solution
and permitting passage thereof to said first bag.

2. The multiple bag system of Claim 1 in which
said branch tubing connects to said second blood
tubing and communicates with said first bag via said
second blood tubing.

3. The multiple bag system of Claim 1 in which
added blood tubing communicates between said second
blood bag and an added blood bag, second branch tubing
communicating between said second bag and an added
compartment, said added compartment containing a
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physiologically-acceptable dry material which may

be reconstituted into a platlet preservative solution

by addition of sterile aqueous liquid, and means
permitting aseptic passage of sterile, aqueous liquid
through said added compartment, to receive a predetermined
amount of said dry material to form said platlet
preservative solution, and permitting passage thereof

to said second bag.

4. The multiple bag system of Claim 3 in which
said second branch tubing connects to said added
blood tubing and communicates with said first bag
via said added blood tubing.

5. The multiple bag system of Claim 3 in which
said tubes and bags are all permanently integrally
interconnected with each other.

6. A multiple bag system for preparation of
blood components, which comprises:

donated blood tubing communicating at one end
with a first blood bag, a first compartment in flow
communication with said donated blood tubing, said
first compartment containing a physiologically-acceptable,
dry anticoagulant for blood, whereby blood may flow
through said first compartment to receive a predetermined
amount of said anticoagulant and pass through said
donated blood tubing to said first blood bag; second
blood tubing communicating between the first blood
bag and a second blood bag, first branch tubing
communicating between said first bag and a second
compartment, said second compartment containing a
physiologically~-acceptable dry material which may
be reconstituted into a red blood cell preservative
solution by addition of sterile, agueous liquid,
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and means'permitting aseptic passage of sterile,
agueous liquid through said second compartment to
receive a predetermined amount of said dry material
to form said perservative solution and permitting
passage thereof to said first bag, said branch tubing
connecting to said second blood tubing and communicating
with the first bag via said second blood tubing;

added blood tubing communicating between said
second blood bag and an added blood bag; second branch
tubing communicating between the second bag and an
added compartment; said added compartment containing
a physiologically~-acceptable dry material which may
be reconstituted into a platelet preservative solution
by addition of sterile aqueous liquid, and means
permitting aseptic passage of sterile, agueous liquid
through said added compartment to receive a predetermined
amount of said added compartment dry material into
solution to form said platelet preservative solution
and permitting passage thereof to said second bag,
said second branch connecting with said added blood
tubing and cammnicating with the second bag via said
added blood tubing.

7. The multiple bag system of Claim 6 in which
all tubes and bags are permanently, integrally interconnected
with each other.

8. A multiple bag system for preparation of
blood components, which comprises:

donated blood tubing communicating at one end
with a first blood bag, a first compartment in flow
communication with said donated blood tubing, said
first compartment containing a physiologically-acceptable,
dry anticoagulant for blood, whereby blood may flow
through said first compartment to receive a predetermined
amount of said anticoagulant and pass through said
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donated blood tubing to said first blood bag;

added blood tubing communicating at least indirectly
between said first blood bag and an added blood bag,
branch tubing communicating between said first bag
and an added compartment, said added compartment containing
a physiologically-~acceptable dry material which may
be reconstituted into a platelet preservative solution
by addition of sterile, aqueous liquid, and means
permitting aseptic passage of sterile, aqueous ligquid
through said added compartment to receive a predetermined
amount of said dry material into solution to form
said preservative solution and permitting passage
thereof to one of said blood bags. -

9. The method which comprises passing blood
through a tubing communicating at one end with the
first blood bag and also passing said blood through
a first compartment in flow communication with said
tubing, the first compartment containing a physiologically-
acceptable, dry anticoagulant for blood, whereby blood
flowing through the first compartment receives a predetermined
amount of the anticoagulant and passes through the
donated blood tubing to the first blood bag;

centrifuging said blood in the first blood
bag to form packed red cells and plasma; passing said
plasma through second blood tubing from said first
blood bag to a second blood bag to leave the packed
red cells behind in the first blood bag; connecting
first branch tubing to a source of aqueous solution,
said branch tubing communicating between said first
bag and a second compartment which contains a phyéiologically-
acceptable dry material which may be reconstituted
into a red blood cell preservative solution by addition
of sterile, agqueous liquid; passing said aqueous solution
through said second compartment and first branch tubing
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to produce said preservative solution; and conveying
said preservative solution to the first bag to resuspend

-y

said packed red cells.

10. The method of Claim 9 including the further

‘steps of centrifuging the second bag to separate platelets

and plasma; conveying said plasma through second blood
tubing from said second bag to an added bag while
leaving said platelets behind; opening a flow ?assage
between a source of sterile aqﬁeous solution and a

- second branch tubing plus an added compartment in

flow communication with said second branch tubing,

said added compartment containing physiologically-acceptable
dry material which may be reconstituted into a platelet
preservative solution by addition of sterile, agueous
liquid; and allowing said aqueous liquid to flow through
said added compartment and second branch tubing to

the second bag, whereby said newly formed platelet

storage solution enters said second bag to resuspend

and facilitate storage of said platelets.

1l. The method of Claim 10 in which connections
between the respective bags are sealingly aseptically
severed to separate said bags.
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