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METHODS AND SYSTEMS FOR PROVIDING
RED BLOOD CELL PRODUCTS WITH REDUCED PLASMA

This patent application claims the benefit of U.S. Provisional Patent

Application Serial No. 61/254,550, filed October 23, 2009, which application is

incorporated by reference in its entirety.

Technical Field

[ 001 ] The subject matter of the disclosure that follows is generally directed to

methods for providing readily transfusible, red blood cells with minimal plasma, to

red blood cell products provided by such methods, and to systems for providing the

same. More particularly, the disclosure that follows relates to methods and systems

for providing readily transfusible, red blood cell compositions or products that include

a red blood cell portion and a supernatant portion wherein the supernatant portion

includes a reduced and selected volume of plasma (as a percentage of the

supernatant volume)

Background

[ 002 ] The administration of blood and/or blood components is common in the

treatment of patients suffering from disease or blood loss. Rather than infuse whole

blood, it is more typical that individual components be administered to the patient in

need. For example, administration (infusion) of platelets is often prescribed for

cancer patients whose ability to make platelets has been compromised by

chemotherapy. Red blood cells are typically administered to patients who have

suffered a loss of blood, anemia or other disorders. Infusion of plasma may also be

prescribed for therapeutic reasons and, more recently, the harvesting and

administration of stem ceils has received widespread interest within the medical

community. Thus, it is often desirable to separate and collect a blood component,

(e.g., red blood cells, platelets, plasma, stem cells) from whole blood and then treat

the patient with the specific blood component. The remaining components may be

returned to the donor or collected for other uses.



[003] There are several factors to be considered in the separation, collection

and storage of blood components for subsequent transfusion. For example, the

presence of white blood cells (e.g., leukocytes) in a blood component collected for

administration is often considered to be undesirable as such leukocytes can trigger

an adverse response in the recipient-patient. As a result, blood components are

often "leukoreduced" prior to transfusion. Also, the presence of certain antibodies in

plasma has been correlated with the occurrence of TRALI (transfusion-related acute

lung injury) in some patients receiving blood components such as red blood ceils.

Consequently, while plasma is present to some degree in transfusible red blood cells

and platelets, it is desirable to reduce the amount of plasma in the red blood cell or

platelet preparation.

[004 ] Red blood ceils are often stored for long periods of time prior to

transfusion. In this case, the environment in which the cells are stored may have to

be carefully controlled to optimize or at least maintain cell properties required for

effective transfusion. For example, it is usually desirable to at least maintain

adenosine triphosphate (ATP) and 2,3-diphosphoglycerate (2,3-DPG) levels and limit

hemolysis during storage.

[005] Additive solutions useful for improving the storage environment of red

blood cells are disclosed, for example, in pending US application 12/408,483 filed

March 20, 2009 (Mayaudon et al.), and a continuation-in-part of the '483 application

which is being filed on the same day as the present application and is entitled "Red

Blood Cell Storage Medium for Extended Storage" (Mayaudon et al.), which serial

number has not yet been assigned but which is identified by Applicant's reference

number F-6542 CIP, which applications are incorporated by reference herein in their

entireties.

[006] Other additive solutions for improving the storage environment for red

blood cells (and other components) are disclosed, for example, in US Patent No.

5,250,303 (Mervman) , incorporated by reference herein, which discloses solutions

for the extended storage of red blood cells. The solutions disclosed therein are

generally chloride-free, hypotonic solutions which provide for the long-term storage

of red blood cells. According to US Patent No. 5,250,303 to Mervman . the chloride-

free, effectively hypotonic solutions induce a "chioride-shift" which, in turn, leads to a

rise in the intracellular pH of the red blood cells. Also, according to Mervman , the



rise in intracellular phi appeared to be correlated with rise in ATP and/or 2,3 DPG

and, thus, prolonged storage times.

[007] Although, Men/man recognized the benefit of using hypotonic

solutions to extended storage of red blood cells generally, Mervman did not

appreciate the benefits of using selected relative amounts of additive solution and

plasma in the storage environment for the red cells, nor did Mervman describe

systems for providing such red blood cell products.

[008] Thus, there still exists a need for methods and systems that provide

readily transfusible red biood cells whereby the red blood cell environment can be

controlled and enhanced by preserving the red blood cells and reducing the potential

of TRALI.

Summary

[009] In one aspect, the disclosure set forth herein relates to a method for

processing red blood cells. The method includes separating a quantity of blood into

concentrated red blood cells and plasma. The plasma is removed, providing an

initial red blood ceil concentrate. Further, substantially chloride-free additive solution

is combined with the red blood cell concentrate, to provide an intermediate red blood

cell product. The intermediate red blood cell product is separated into a

concentrated red blood cell component and a supernatant component, which

includes at least plasma and additive solution. The supernatant component is

substantialiy removed from the intermediate red blood cell product to provide a

treated red blood cell concentrate. A second portion of the substantially chloride-free

additive solution may be combined with the treated red blood cell concentrate,

providing a red blood cell product that includes the treated red blood cell concentrate

and a supernatant component. The percentage of plasma in said supernatant is no

greater than about 15%.

[0010] In another aspect, the disclosure herein also relates to a red blood cell

product which includes a concentrated red biood ceil portion and a supernatant

portion. The supernatant portion includes a substantially chloride-free additive

solution and plasma. The plasma content of the supernatant is no greater than

about 15%.

[0011] In a further aspect, the disclosure herein also relates to a system for

reducing the plasma content of a red blood cell preparation. The system includes a



first container that has at least one resealable port. The system also has a vent line

with proximal and distal ends. The vent line is in fluid communication at its proximal

end with the first container. The vent line has a volume of from about 20 mis to

about 50 mis. The system also includes a second container and a flow path

establishing fluid communication between the first and second containers. The vent

line is in fluid communication with the second container. The system also includes a

flow controller which is in adjustable flow communication with the vent line and the

second container.

Brief Description of Drawings

[0012] Figure 1 is a flow chart setting forth the method of providing readily

transfusibie, red blood cells in accordance with the disclosure set forth herein.

[0013] Figure 2 is a plan view of a processing set suitable for providing red

blood cell product with minimal plasma in accordance with the method described

herein.

[0014] Fig. 3 is a perspective view of an apheresis system suitable for

practicing the methods described herein.

[0015] Figure 4 is a plan view of a processing set for use with the system of

Fig. 3.

[0016] Figure 5 is a plan view of container; system suitable for use with the

method described herein;

[0017] Figure 6 is a plan view another container suitable for use with the

method described herein;

[0018] Figure 7 is a graph showing extracellular 2,3-DPG levels during

storage of red blood cell preparations made by different procedures.

Detailed Description

[0019] The subject matter of the present disclosure relates generally to

methods and systems for processing readily infusible red blood cells, systems useful

for carrying out such methods and the red blood cell products obtained by such

methods and systems.

[0020] Methods of processing red blood cells and/or providing a red cell

product that are/is readily transfusibie are explained in detail below. By "readily



transfusible," it is meant that the red blood cell preparation has a sufficiently reduced

volume of plasma so as to minimize the potential incidence of TRALI, retains

acceptable levels of ATP and 2,3-DPG, and acceptable levels of % hemolysis after

storage in addition, "readily transfusible" also refers to a volume of the red blood

cell composition or product that can be safely infused into the patient.

[0021] As noted above, the presence of antibodies in plasma is correlated with

the occurrence of TRALI. Accordingly, the systems and methods disclosed herein

may be effective in reducing the incidence of TRALI. Thus, the plasma content in

the supernatant of the red blood cell composition or product prepared using the

methods of the present disclosure is no greater than about 15%. in a further

embodiment, the plasma content may typically be from about 6% to about 11% of

the supernatant volume of the red blood cell composition, or product.

[0022] As noted above, the red blood cell products disclosed herein are also

considered readily transfusible because ATP and 2,3-DPG levels remain sufficiently

elevated after extended storage. For example, red blood cell products and

compositions of the type disclosed herein maintain acceptable levels of ATP for up to

42 days of storage. Also the stored red blood cells retain more than 50% of initial

2,3-DPG levels after 28 days of storage. More preferably, the stored red blood cells

retain more than 80% of initial 2,3-DPG levels after 28 days of storage. Finally, red

blood cell products and compositions of the type described herein maintain

acceptable levels of % hemolysis after extended storage.

[0023] The systems and methods of the present disclosure may also be used

to establish or control the conditions under which red blood ceil products may be

stored before transfusion. Thus, the methods may be used to introduce additive

solutions or reagents that may improve the storage properties of the red blood cells,

thereby providing a transfusible red blood cell product.

[0024] In one embodiment, the method for providing readily transfusible, red

cells disclosed herein (and depicted in Fig. 1) includes providing a quantity of blood,

typically in a container. As used herein, the term "blood" is meant to include

unfractionated and typically anticoagulated whole blood as well as a red blood cell

concentrate that has been previously derived (i.e., separated) from whole blood.

Thus, for example, the blood may be a packed or concentrated red blood cells (i.e.,

red blood cell concentrate) having a hematrocrit of at least 70% and more preferably

at least 80% and most preferably at least 90% or higher.



[ 0 025 ] Preferably, however, the "blood" is provided as whole blood in a

container which can be a blood processing, collection or storage container of the

type conventionally used in so-called "manual" or "whole blood" processing, or

containers such as those used in automated apheresis. With regard to automated

apheresis, the container in which the separation of blood or the processing of blood

components may occur may also refer to the chamber of the separation device, such

as a centrifuge or spinning membrane. Non-!imiting examples of these are the

separation chambers used in the Alyx® separator, Amicus® separator and

Autopheresis®-C separator, all made and sold by Fenwal, Inc. of Lake Zurich,

Illinois. Regardless of whether the "blood" is provided as unfractionated whole blood

or an already separated-from-whoie blood red blood ceil concentrate, the blood is

separated (for the first time or further separated, depending on the composition of

the starting "blood") into red blood cell concentrate and plasma, including any

residual anticoagulant from the initial draw.

[ 002 6 ] Where the source of blood is whole blood, a typical volume of whole

blood is approximately 400-500 mi. In accordance with the method described

herein, the blood may be spun to preferably result in a red blood cell concentrate

having a hematocrit of preferably at least 90%. Plasma and residual anticoagulant

form a supernatant layer, while the volume of the red biood cell concentrate

separated from the supernatant may be approximately 150-250 mi. Once the

desired volume of the packed red blood cells or red blood cell concentrate has been

obtained, the method of the present disclosure includes physically separating and

removing substantially all of the supernatant plasma layer (with anticoagulant) from

the red biood cells. Not all of the supernatant, however, is removed and therefore

the initial red blood cell concentrate will typically include about 10-30 ml of remaining

supernatant.

[ 002 7 ] As will be described in connection with systems used for carrying out

the method disclosed herein, the separated plasma may be expressed to a satellite

container of an integrated processing set. Plasma may be expressed using a

component extraction device such as the Optipress, available from Fenwal, Inc. of

Lake Zurich, Illinois or Compomat, available from Frensius Kabi of Bad Homburg,

Germany. The separated and now isolated plasma may be further processed, as

necessary. The plasma may be "platelet-rich plasma" or "platelet-poor plasma"



which in the case of the latter, may include a layer of buffy coat between the

supernatant plateiet-poor plasma layer and packed red blood cell layer.

[0028] With substantially all of the plasma (and anticoagulant) of the

supernatant removed, a selected quantity or volume of additive solution is added to

the initial red blood cell concentrate remaining in the initial container in which the

whole blood (or other "blood") was provided, or in a separate container. The volume

of additive solution added to the initial red blood cell concentrate may be anywhere

between approximately 50-500 ml, with between about 100-300 mis being preferred

and approximately 200 mi being most typical and preferred. The initial red blood cell

concentrate that has been combined with the selected volume of additive solution is

referred to herein as the "intermediate" blood cell product. The intermediate blood

ceil product preferably includes between approximately 150-250 ml_, and more

preferably approximately 200 ml of red blood cells, approximately 10-30 mi of the

remaining supernatant and the added volume of additive solution as described

above.

[0029] in accordance with one embodiment of the present disclosure, such

intermediate red blood cell product may be further separated into a further red blood

ceil concentrate and a supernatant component that includes plasma, additive

solution and anticoagulant. As described above, separation of the red blood cell

concentrate from supernatant may be accomplished by centrifuging, by membrane

separation or even by gravity.

[0030] Once the intermediate red blood ceil product has been separated to

provide a red cell component and a supernatant component, substantially all of the

supernatant is expressed off into a satellite or other container, to provide a "treated"

red blood cell concentrate. The treated red blood cell concentrate will typically

include approximately 150-250 m L of red blood cells and a hematocrit of preferably

greater than 80% and more preferably greater than 90%. The treated red blood cell

concentrate may also include some remaining supernatant component having a

volume of approximately 10-30 m that includes plasma, additive solution and

anticoagulant.

[0031] The "treated" red blood cell concentrate may then be combined with

another selected (or second) amount of an additive solution of the type described

above. For example, approximately 100-1 50 ml of additive solution may be added to

the treated red blood cell concentrate, and more preferably, approximately 105-1 0



mi of additive may be added to the treated red blood cell concentrate to provide a

final red blood cell product. Thus, upon addition of the additive solution to the

treated red cell concentrate, the "final" red blood cell product or composition includes

the treated red blood cell concentrate and the supernatant component made up of

the residual plasma, anticoagulant and additive solution. The final and readily

transfusible red blood cell product may include between approximately 150-250 ml of

red biood cells, approximately 100-150 of additive solution and approximately 10-30

ml of the remaining supernatant component that includes plasma, additive solution

and anticoagulant for a total volume of approximately 260-430 mi. This "final"

product, which preferably wili have a hematocrit of about 50-60% may then be stored

until use or transfusion. In accordance with the method described herein, the

percentage of plasma in the combined volume of additive (e.g. approximately 100-

150 mi) and remaining supernatant component (e.g. approximately 10-30 ml) is no

greater than 15%, and more preferably, may be between about 6% and 15%.

[0032] In a preferred embodiment, as mentioned above, the percentage

amount of plasma as a percentage of the volume of additive solution combined with

the volume of remaining supernatant component of the "final" red blood cell product

is preferably no greater than about 15%. As will be described below, a supernatant

component that includes no greater than 15%, provides an environment where the

overall plasma volume is sufficiently low that the incidence of TRALI can be

diminished and the levels of ATP and 2,3-DPG sustained such that the red blood

cells are transfusible even after prolonged storage.

[0033] While the method described above contemplates more than one

addition of the additive solution to arrive at the "final" product, further additions of

additive solutions and removals of supernatant may be desired and required to arrive

at a plasma level that is no greater than 15% of the supernatant. Alternatively, a

single "wash" with an additive solution may also be sufficient. That is, a separation

of "blood" into red blood celt concentrate and plasma, followed by one and only one

addition of additive solution wherein the plasma makes up no greater than 15% of

the supernatant is a so within the scope of the invention described herein.

[0034] A variety of systems may be used to obtain a red blood ceil product in

accordance with the present disclosure. For example, Fig. 2 shows an embodiment

of a system (processing set) 8 which may be employed to provide a red blood cell

product according to the disclosure herein. In this embodiment, this system



includes a plurality of interconnected containers in open or openable fluid

communication with each other. The system or set may be closed or functionally

closed without the need for sterile connection or any containers. A first bag 2

contains the blood to be processed. The containers and tubing defining the various

flow paths may be made from a suitable plastic material of the type used in the

medical field, such as, but not limited to polyvinyl chloride. The materials used for

the containers and tubing and, thus, the entire set are/is sterilizable by, but not

limited to, autoc!aving.

[0035 ] As shown in Fig. 2, processing set 8 includes a plurality of plastic

containers interconnected by tubing segments. Set 8 includes a first container 12 for

holding the source of blood such as, but not limited to, whole blood to be processed

in accordance with the method described herein. As will be described below, set 8

also includes satellite containers 14, 16, 18 and 20. Preferably, container 14, initially

empty, will receive the final red blood cell product. A leukoreduction filter 22 may

also be provided to leukoreduce the red blood cells. Containers 16 and 18

preferably contain an additive solution as described above, while container 20, also

initially empty, will receive plasma separated from source blood in container 12. The

container 12 is in fluid communication with each of four other bags (14, 16, 18, 20)

through flow paths defined by tubing 2 1. Flow through processing set 8 may be

controlled by flow controllers such as clamps, frangible connectors, valves or

switches which are generally referenced by reference numeral 24.

[0036 ] Set 8, as shown in Fig. 2, also may include means for accessing the

vascular system of a donor such as a needle, blunt cannula or other access

member, generally referenced by numeral 26, and a sample diversion and collection

subunit 28 including sample pouch 30. These features are shown for illustrative

purposes only as the method described herein and recited in the appended claims

does not require and is not dependent upon connection to a living donor, just as it

does not require administration of the final blood product to the same donor or a

patient. Although the method of the present disclosure speaks to providing readily

transfusable red blood cells, the later transfusion is not necessarily required as part

of the method. In short, in its broader aspects, the method of the present disclosure

is directed to the processing of blood regardless of its source and/or the timing of its

collection, and/or the subsequent administration of it to a patient or donor.



[0037 ] Thus, according to one embodiment for providing a red biood cell

product, blood such as, but not limited to whole blood, in container 12. As noted

above, the volume of whole blood in container 12 is typically between 400-500 mis.

The blood is subjected to a separation step such as centrifugation to separate the

blood into red blood cell concentrate and plasma. After centrifugation, plasma may

then be manually separated from the whole blood and transferred to a second

container 20. The plasma in the second container 20 may be retained for further

processing. The red blood cell concentrate is retained in the first container 12 and

includes about 200 ml of red cells and about 10-30 ml of plasma and anticoagulant

(e.g., CPD).

10038] After the plasma has been expressed from the container and physically

separated from red blood cell concentrate (by, for example, an Optipress or other

component extractor), a selected volume, approximately 200 ml, of an additive

solution of the type described above may be transferred from a container 16 to

container 12 containing the red blood cell concentrate to form an intermediate red

blood cell product. After combining the additive solution with the red blood cell

concentrate, the intermediate red blood cell product may be further processed by, for

example, centrifuging the contents of at least container 12 and separating the

supernatant, containing plasma and additive solution, from the red blood ceil

concentrate. (It will be appreciated that piateiet-rich-plasma in container 20 may be

simultaneously centrifuged to provide plasma and platelet concentrate). Preferably,

the intermediate solution is subjected to a hard spin of at least 5,000 g for

approximately 10 minutes such that the resulting red blood cell concentrate has a

hematocrit of approximately 90%. As a consequence of mixing the additive solution

with the red blood cell concentrate, separating the intermediate solution and

expressing the supernatant, the plasma content of the red blood cell composition is

reduced.

0039] After the supernatant has been expressed or otherwise physically

separated from the red blood cell concentrate, a second portion of a selected volume

of an additive solution may be transferred from a container 18 to the red blood cell

concentrate remaining in the first container 12, to provide, preferably, the "final"

product. The red cell concentrate remains in contact with the additive solution during

the period of storage and until use. Where the volume of the red blood cell

concentrate is approximately 150-250 mis, an additive solution of between about



100-150 mis may be used, and wherein about 105 mis of additive solution is

preferred.

[0040] In an alternative embodiment, the initial step of separating whole b!ood

into red blood ceil concentrate and plasma may be omitted so that the additive

solution (container 16) may be directly added to the whole blood in container 12.

This is illustrated, for example, in Figure 1, where the addition of additive solution to

whole blood is shown as a phantom (dotted) lines/arrow. In other words, whole

blood in the first container 12 is combined with a selected volume of an additive

solution before the separation and expression of plasma from the first container.

Containers may be sized so as to allow for the combination of whole blood and

additive solution which may be provided in a volume of at least approximately 100

ml, preferably greater than 100 ml and, more preferably, about 100-350 ml. After

combining the additive solution with the whole blood, the combination is centrifuged

to provide a red blood cell concentrate and supernatant portion. The supernatant is

then expressed into the container 20, leaving a red blood ceil concentrate in the

container 12. A further volume of additive solution may be added to the red blood

cell concentrate, as required as in the manner described above.

[0041] The method disclosed herein may also be practiced using automated

apheresis devices. For example, as mentioned briefly above, the Alyx® separator,

Amicus® separator and/or the Autopheresis-C separator, all made by Fenwai Inc., of

Lake Zurich Illinois, USA are examples of devices that may be used to provide red

blood cell products with reduced plasma in accordance with the method described

herein.

[0042] In one example, Fig. 3 shows an embodiment of the Alyx® separation

system that may be used to provide a red blood cell preparation according to the

present disclosure. An exemplary system is described in greater detail in U.S.

Patent No. 6,348,156, which is incorporated by reference herein in its entirety. The

system is also briefly described below. Examples of the Autopheresis-C® and the

Amicus® separators, which may also be used to provide red cell products or

concentrates of the type described herein are described in U.S. Patent Nos.

5,194,145 to Schoendorfer and 5,547,453 to DiPerna, respectively, which are also

incorporated herein by reference in their entireties.

[0043] The system 100, as shown in Fig. 3, includes three principal

components. These are (i) a liquid and blood processing set ; (ii) a blood



processing device 14 that interacts with the flow set 112 to cause separation and

collection of one or more blood components; and (iii) a controller 116 that governs

the interaction to perform a blood processing and collection procedure selected by

the operator.

[0044] The blood processing device 114 and controller 116 are intended to be

durable items capable of long term use. In the illustrated and preferred embodiment,

the blood processing device 114 and controller 116 are mounted inside a portable

housing or case 136. The case 136 presents a compact footprint, suited for set up

and operation upon a table top or other relatively small surface. The case 136 is also

intended to be transported easily to a collection site.

[0045] The case 136 includes a base 138 and a hinged lid 140, which opens

(as FIG. 3 shows) and closes. The lid 140 includes a latch 142, for releasably

locking the Hd 140 closed. The lid 140 also includes a handle 144, which the operator

can grasp for transporting the case 136 when the lid 140 is closed. In use, the base

138 is intended to rest in a generally horizontal support surface.

[0046] The case 136 can be formed into a desired configuration, e.g., by

molding. The case 136 is preferably made from a lightweight, yet durable, plastic

material.

[0047] The flow set 112 is intended to be a sterile, single use, disposable item.

Before beginning a given blood processing and collection procedure, the operator

loads various components of the processing set 112 in the case 136 in association

with the device 114. The controller 116 implements the procedure based upon

preset protocols, taking into account other input from the operator. Upon completing

the procedure, the operator removes the flow set 112 from association with the

device 114. The portion of the set 112 holding the collected blood component or

components are removed from the case 136 and retained for storage, transfusion, or

further processing. The remainder of the set 112 is removed from the case 136 and

discarded.

[0048] The processing set 1 2 shown in FIG. 3 includes a blood processing

chamber 118 designed for use in association with a centrifuge. Accordingly, as FIG.

2 shows, the processing device 4 includes a centrifuge station 120, which receives

the processing chamber 118 for use. The centrifuge station 0 comprises a

compartment formed in the base 138. The centrifuge station 120 includes a door

122, which opens and closes the compartment. The door 2 opens to allow loading



of the processing chamber 118. The door 122 closes to enclose the processing

chamber 118 during operation.

[0049 ] The centrifuge station 120 rotates the processing chamber 118. When

rotated, the processing chamber 118 centrifugally separates whole blood received

from a donor into component parts, e.g., red blood ceils, plasma, and buffy coat

comprising platelets and leukocytes.

[0050] It should also be appreciated that the system 110 need not separate

blood centrifugally. The system 110 can accommodate other types of biood

separation devices, e.g., a membrane blood separation device.

[0051] As described in U.S. Patent 6,348,156, system 100 inciudes a fluid

pressure actuated cassette 128. Cassette 128 interacts with pneumatic actuated

pump and valve station 130. The pump and valve station 130 apply positive and

negative pneumatic pressure upon cassette 128 to direct flow through the system.

[0052] FIG. 4 schematically shows a processing set 264, which, by selective

programming of the blood processing circuit implemented by cassette 128, is

capable of performing the blood processing method described herein. The set 264

includes a donor tube 266, which is attached (through y-connectors 272 and 273) to

tubing 300 having an attached phlebotomy needle 268. The donor tube 266 is

coupled to the port P8 of the cassette 128.

[0053] A container 275 for collecting an in-line sample of blood drawn through

the tube 300 is also attached through the y-connector 273.

[0054] An anticoagulant tube 270 is coupled to the phlebotomy needle 268 via

the y-connector 272. The anticoagulant tube 270 is coupled to cassette port P9. A

container 276 holding anticoagulant is coupled via a tube 274 to the cassette port

P10. The anticoagulant tube 270 carries an external, manually operated in line clamp

282 of conventional construction.

[0055] A container 280 holding a red blood cell additive solution of the type

described herein is coupled via a tube 278 to the cassette port P3. The tube 278 also

carries an external, manually operated in line clamp 282. A container 288 holding

saline is coupled via a tube 284 to the cassette port P12.

[0056] FIG. 4 shows the fluid holding containers 276, 280, and 288 as being

integrally attached during manufacture of the set 264. Alternatively, all or some of

the containers 276, 280, and 288 can be supplied separate from the set 264. The

containers 276, 280, and 288 may be coupled by conventional spike connectors, or



the set 264 may be configured to accommodate the attachment of the separate

container or containers at the time of use through a suitable sterile connection, to

thereby maintain a sterile, closed blood processing environment. Alternatively, the

tubes 274, 278, and 284 can carry an in-line sterilizing filter and a conventional spike

connector for insertion into a container port at time of use, to thereby maintain a

sterile, closed blood processing environment.

[0057] The set 264 further includes tubes 290, 292, 294, which extend to an

umbilicus 296. When installed in the processing station, the umbilicus 296 links the

rotating processing chamber 18 with the cassette 28 without need for rotating seals.

The tubes 290, 292, and 294 are coupled, respectively, to the cassette ports P5, P6,

and P7. The tube 290 conveys whole blood into the processing chamber 18. The

tube 292 conveys plasma from the processing chamber 18. The tube 294 conveys

red blood cells from processing chamber 18.

[0058] A plasma collection container 304 is coupled by a tube 302 to the

cassette port P3. The collection container 304 is intended, in use, to serve as a

reservoir for plasma during processing. A red blood cell collection container 308 is

coupled by a tube 306 to the cassette port P2. The collection container 308 is

intended, in use, to receive a first unit of red blood cells for storage. A whole blood

reservoir 312 is coupled by a tube 310 to the cassette port P 1. The collection

container 312 is intended, in use, to serve as a reservoir for whole blood during

processing it can also serve to receive a second unit of red blood cells for storage.

[0059] Using an automated apheresis device of the type shown in Figs. 3 and

4 , whole blood in container 312 is introduced into processing chamber 118 where it

is separated into packed red blood cells and plasma. Packed red cells flow from

processing chamber 118 to red blood cell container 308. At least a portion of the red

cells may be transferred from container 308 to container 312 where they are

combined with an additive solution of the type described above from container 280 to

provide an intermediate red blood cell product. The intermediate red blood cell

product may be introduced into processing chamber 118 to separate red blood cell

concentrate from "supernatant" (i.e., plasma, additive solution and an anticoagulant

such as ACD). The concentrated red blood cells may be returned to container 308

where they may be combined with another volume of additive solution from container

280. The red blood cell concentrate may be combined with the additional additive



before or during leukoreduction. The "final" red blood cell product may be

transferred and stored in a final storage container (not shown).

[0060] As indicated above, it may not be necessary to process all of the red

blood cell concentrate in container 308. The system may be programmed to deliver

only a portion of the red ceil concentrate to, for example, container 312, for

combination with the additive solution, and for removal of supernatant such that the

final red blood cell product will have a volume of plasma that is no greater than 15%

of the supernatant volume in the final product. This "partial wash" reduces the time

required for overall processing.

[0061] in an alternative embodiment, the system may also be programmed to

deliver red blood cells and additive solution separately to the processing chamber 18

and thereby allow mixing of the ceils and solution and formation of the intermediate

product to occur within the chamber.

[0062] Fig. 5 shows a further embodiment that may be used to provide a red

blood cell product with minimal plasma in accordance with the method disclosed

herein. In this embodiment, a first container 30 includes one or more walls 32 made

of a porous material to, in effect, provide a porous membrane. The container may

have ports 34 for accessing the interior chamber of the container. Container 30 is

enclosed and housed within second container 36. The walls 37 of container 36 are

non-porous and non-permeable. The volume of the second container is generally

more than the volume of the first container. This container may also have ports 40

for accessing the interior of the container.

[0063] According to one embodiment, a red blood cell composition, is

introduced into container 30 and an additive solution is introduced into the chamber

38 the second container 36. As a percentage of the plasma, additive solution and

anticoagulant contained within the container system of Fig. 5, the volume of plasma

relative to such components (other than the red blood cells - i.e. supernatant) is

preferably no greater than 15%. In this example, the term "supernatant" is not used

to describe a discrete and separate layer, but rather that portion of the overall

composition that is not red cell concentrate. The porosity of the wall 32 of container

30 is selected such that selected components (but not the red blood cells

themselves) are permitted to move, by diffusion, from one container to another. For

example, molecules of the additive solution may move from the second container to

the first container, thereby stabilizing the red blood cells during storage. More



particularly, during storage, ions and other small molecules are able to diffuse back

and forth across the porous membrane of container 30. Thus, the concentration of

chloride ions and any other deleterious small molecules (cytokines, free Hb) in the

red blood ceils will be reduced as they diffuse across the membrane. As a further

added step, the concentrated red blood cells may be pre-diluted with the additive

solution. This may minimize water movement across the membrane thereby helping

maintain the desired hematocrit. The red blood cells may be stored, up to 42 days.

In this way, a red blood cell product that has reduced plasma content may be

formed.

[0064] Fig. 6 shows a further embodiment of a system that may be used to

provide a red blood cell product with minimal plasma. This embodiment includes a

first container 50. The system also includes a vent line 52 that is inserted into the

first container, the vent line 52 having distal end 54 and proximal end 56. The

volume of the vent line is preferably from about 20 mis to about 50 mis. The vent

line 52 may also include a flow control device 58 for controlling flow between

containers 50 and 62 (discussed below). In some embodiments, the distal end of

the vent line may be covered with or otherwise include a hydrophobic membrane 60.

A second container 62 is in fluid communication with both the first container 50 and

the vent line 52. In a preferred embodiment, the second container directly

communicates with the vent line through tubing 64.

[0065] In this embodiment, the vent line is displayed as tubing, but in other

embodiments it may be a bag or pouch.

[0066] According to one embodiment, a red blood cell composition may be

introduced into the first container 50. The red blood ceil composition may, for

example, be whole blood. The composition may be separated by centrifugation into

red blood cell concentrate, plasma and an intermediate layer of a "buffy coat"

between the red blood cell concentrate layer and plasma (e.g., platelet poor). Using

a conventional component extraction device, plasma may be expressed into the

second container, leaving concentrated red blood cells in the first container. After

the expression of plasma, a portion of red blood ceils at the top of the concentrated

red blood cell layer may be expressed into the vent line 52, to thereby ensure that

substantially ail of the plasma has been expressed from the container and thus

further reducing the content of plasma of the concentrated red blood cells. In one

embodiment, this portion of red blood cells is from about 20 to 50 mis per unit of



whole blood which corresponds to the volume of the flow path within vent line 52.

While some red blood cells may be removed to container 50, removal of substantially

a l of the plasma occurs.

[0067 ] A mechanical flow control device 58 may be used to control the flow of

plasma and of red blood cells from the first container. For example, in one

embodiment, a rotating cam may be used to "pinch off' the plasma or red blood cell

flow paths. An operator may release a lever to allow plasma to flow into the first

container. When the flow of plasma is complete, the operator closes the plasma flow

path and causes the flow of red blood cells to the vent line to begin.

[0068 ] The vent line automatically stops filling when the vent Sine is full. The

presence of hydrophobic membrane 62 at the distal end 54 of vent line 52 may

facilitate the arrest of red blood cell flow. The operator may then seal first container

50 from the second container 62 and vent line 52 and an additive solution may be

added to container 50 through ports 66 and 68 for storage. The volume of plasma

as a percentage of the supernatant is preferably no greater than 15%.

[0069 ] According to this embodiment, an additive solution may be added to

the concentrated red blood cells and the cells stored for subsequent transfusion.

[0070 ] Additive Solution

[0071 ] As mentioned above, there are many additive solutions known for the

conditioning, treatment and/or preservation of red blood cells. However, solutions

that are at least substantially chloride-free, nutrient-containing, having a pH that is

neutral or above-neutral (e.g., preferably 7.0 or greater, and more preferably 8.0 or

greater) are particularly well suited for the methods disclosed herein.

[0072 ] In one embodiment, in accordance with the present disclosure, the red

blood ceils are treated with an additive solution that is substantially chloride-free.

Chloride-free additive solutions are described in co-pending application 12/408,483

filed March 20, 2009, and a continuation-in-part of the '483 application entitled "Red

Blood Cell Storage Medium for Extended Storage" (Mayaudon et al.) which is being

filed on the same day as the present application, which serial number has not yet

been assigned but which is identified by Applicant's reference F-6542 CIP the

contents of which applications are hereby incorporated by reference in their

entireties. The compositions of such additive solutions are also described in Table :

[0073 ] Table 1



10074] Table 1 sets forth four exemplary formulations of storage solution

suitable for addition to the concentrated (packed) red blood cells prepared from one

unit of blood. The storage solutions are useful for the extended storage of red blood

cells (e.g. approximately 42 days or greater) that have been separated from whole

blood. The solutions disclosed herein are particularly useful for the extended

storage of red biood ceils that have been separated from whole blood that has been

held for periods, such as 4 hours, 8 hours or more than 8 hours, including up to 26

hours.

[0075] As set forth in Table 1, the solution Έ -Soi 2" is provided in a volume of

150 ml, "E-Sol 3" is provided in a volume of 100 ml, "E-Sol 4" is provided in a volume

of 110 mi, and Έ -Sol 5" is provided in a volume of 105 ml.

[0076] The storage solutions are generally applicable to the storage of red

blood cells that have been manually separated from whole blood or have been

separated using automated collection devices such as the Autopheresis-C®

separator, the Amicus® separator and/or the Alyx® separator mentioned above.

[0077] in one embodiment, a red blood eel! storage medium is provided that

includes nutrients, buffers and salts. The red blood cell storage solution may be an

aqueous solution which may include about 3 mM to about 90 mM sodium citrate;

about 5 mM to about 40 mM sodium phosphate; about 20mM to about 140 mM

dextrose; about 20 mM to about 110 mM mannitol; and about 1 mM to about 2.5 mM

adenine; the storage solution may have a pH of from about 8.0 to about 9.0. The

osmolarity of the solution may be from about 200 mOsm/l to about 320 mOsm/l.

The storage solution may optionally contain from about 10 mM to about 00 mM

acetate. Optionally, guanosine may also be present in the storage solution from

about 0.1 mM to about 2 mM. in addition, gluconate may be present from about 0



M to about 40 mM. Optionally, a combination of acetate and gluconate may be

used.

[0078] in another embodiment, an aqueous red blood cell storage medium is

provided that may include about 3 to 90 mM of sodium citrate; 15 to 40 mM of

sodium phosphate; 20 to 140 mM of glucose; 20 to 100 mM of mannitol and 1 to 2.5

mM of adenine. The storage solution may have a pH of from about 8.0 to about 8.8,

and more preferably, about 8.4. The osmolarity may be in the range of about 150 to

350 mOsm L- 1 and more preferably, about 314 mOsm L 1 .

[0079] In one example, the Έ -Sol 5" storage medium identified in the Table 1,

above, is an aqueous solution that is constituted from a dextrose (i.e. glucose)

solution that, at approximately 25°C has a generally acidic pH in the range of 3.5 to

5.5 and more particularly a pH of 3.7 to 5.3, and even more preferably about 4.0, and

a second solution that includes sodium phosphate, mannitol and adenine that has a

generally basic pH in the range of 8.0 to 9.0. Once the two solutions are combined,

the final E-Sol 5 composition includes the following components indicated, in the

range of 3 to 90 mM of sodium citrate; 15 to 40 mM of sodium phosphate; 20 to 140

mM of glucose; 20 to 00 mM of mannitol and 1 to 2.5 mM of adenine, and more

particularly, the components indicated in the amount shown in Table 1, above.

[0080] By way of example, but not limitation, illustrations of methods and

systems for providing red blood cell products with reduced plasma as described

herein are provided below:

Example 1

[0081] In this example, whole blood was processed using several different

procedures to produce a red blood cell product. The red blood cell product produced

by each procedure was stored for up to 42 days in the E-Sol 4 additive solution and

cell properties were assayed at 7 day intervals.

[0082] Fig. 7 is a graph showing extracellular 2,3-DPG concentrations for over

time for the red blood cell products made by each procedure. Table 2 provides a key

to the legend of Fig. 7.



[0083] For sample A in Fig. 7, 500 mis of whole blood was collected in a bag

(Fenwal 4R1590 blood packs) and subjected to spin (5000 g) to separate plasma

and red blood cells. Plasma was expressed from the bag by manual pressing.

Approximateiy 220 mis of E-Sol 4 was transferred to the red blood cell concentrate

and mixed forming an intermediate solution. The bag was centrifuged and the

supernatant of plasma-containing solution expressed. 110 mis of E- Sol 4 was

added to the concentrated red blood cells and the cells were stored and samples

taken at seven day intervals for biochemical assays. The plasma content at each

step of the procedure was determined as follows:

Calculation of initial plasma volume

Calculation of Plasma Volume after 1 Expression

Volume plasma remaining (mL) = Volume initial plasma (mL) Volume expressed plasma (mL)



Calculation of % Plasma in Supernatant after Addition of E-Sol 4

Calculation of Plasma Volume Remaining after 2nd Expression

Volume p|asma-AS remaining (mL) = Volume p|asma-AS remaining( mL) + Volume AS added(mL) -
Volume p|asma-AS expressed (mL)

Volume residual Plasma (mL) = Volume p|asma-AS remaining (mL) X % Plasma supernatant

[0084] For sample B, a red blood cell concentrate was prepared from one unit

of whole blood using a standard procedure for the Fenwal Alyx device as generally

shown in Figs. 3 and 4 . A n excess of additive solution, 330 mis of E~Sol 4 , was

mixed with the red blood cell concentrate in a bag and the preparation stored. In this

case, the hematocrit during storage was approximately 30%. Samples for

biochemical assays taken at 7 day intervals.

[0085] For sample C, a red blood cell product was prepared using a system

similar to that shown in Fig. 6. Whole blood was subjected to centrifugation (5000 g

for 10 min.) and the plasma expressed into an additional container. In addition,



approximately 25 mis of red blood ce!!s was expressed into a third container. 130

mis of E-sol 4 was added to the concentrated red blood cells and the cells were

stored and samples taken at seven day intervals for biochemical assays. The results

of the measured values for individual samples for 2,3-DPG values are summarized in

Table 3. The data are also summarized in Fig. 7 .

[0086] For sample D, whole blood was subjected to a hard spin (5000 g for 10

min.) and plasma and a buffy coat layer were expressed using an Opti-Press II.

Approximately 110 mis of E-Sol 4 was added to the concentrated red blood cells and

the cells were stored and assayed for various biochemical parameters at 7 day

intervals.

[0087] For sample E, a concentrated red blood cell sample was prepared

using a standard Alyx procedure from one unit of blood without further treatment with

additive solution. Thus, this procedure serves as a control for Sample B.

Example 2

[0088] Fifteen whole blood (WB) units (500 m L + 10%) were collected into

4R1590 blood packs (Fenwal) and stored for 1-4 hours at room temperature before

separation (5000 x g, 10 min). In twelve WB units, the plasma was expressed and

the concentrated RBCs were washed with E-Sol 4 (220 m L) and separated again

(5000 x g, 10 min). E-Sol 4 { 110 mis) was added to the RBC concentrate and

subsequently leukofiltered (test). In the three remaining WB units, 10 m L of Adsoi



(a chloride containing additive solution used as a control) was added to each and

then leukofiltered. The RBC concentrates were stored for 42 days with weekly

sampling of in vitro parameters. Summary data collected at day 0, 14, 2 1, and 42

are given in the table below (mean ± SD). Residual plasma was 9.8 ± 0.9 m: in test

and 33.8 ± 1.3 mL in control units. Extracellular pH (22°C) and K+ (mmoi/L) were

similar at Day 42 for test and control- (6.22 ± 0.06 vs. 6.24 ± 0.01) and (56.8 ± 2.4

vs. 56.6 ± 3.9), respectively. Glucose (mmol/L) was present throughout storage for

test and control units (17.3 ± 1.8 and 36.2 ± 3.1 , at Day 42, respectively). Lactate

concentration (mmol/L) was higher in test units at Day 42 (37.6 ± 2.5 vs. 3 1 .8 ± 1.8).

[ 0089 ] The results (table 4) show that at Day 42, RBCs stored with minimal

residual plasma and E-Sol 4 show lower % hemolysis than non-washed controls.

Notably, 2,3-DPG levels are at or above Day 0 levels for 2 1 days and

ATP is maintained above 80% of Day 0 throughout 42-day storage.

[ 0090] It will be understood that the embodiments described above are

illustrative of some of the applications of the principles of the present subject matter.

Numerous modifications may be made by those skilled in the art without departing

from the spirit and scope of the claimed subject matter, including those combinations

of features that are individually disclosed or claimed herein. For these reasons, the



scope hereof is not limited to the above description but is as set forth in the following

claims.



IN THE CLAIMS:

1. A method for processing red blood cells, comprising:

a. separating a quantity of blood into concentrated red

blood cells and a supernatant component;

b removing said supernatant component to provide an initial red

blood cell concentrate;

c . combining a substantially chloride-free, additive solution with

said red blood cell concentrate to provide an intermediate red

blood cell product;

d. separating said intermediate red blood cell product into a

concentrated red blood cell component and a supernatant

component comprising at least plasma and said additive

solution;

e. removing substantially all of said supernatant component from

said intermediate red blood cell product to provide a treated red

blood cell concentrate,

f . combining said treated red blood cell concentrate with a

selected amount of said substantially chloride-free, additive

solution to provide a final red blood cell product comprising red

blood cell concentrate and a supernatant component, wherein

the percentage of plasma in said supernatant component is no

greater than 15%.

2. The method of claim 1 wherein the percentage of plasma in said supernatant

component of said final red blood celt product is between about 6% and 15%.



3. The method of any of the above claims wherein the percentage of plasma in

said supernatant component of said final red blood cell product is between about 6%

and 11%.

4. The method of any of the above claims wherein said red blood cell product is

transfusible up to at least 42 days of storage.

5. The method of any of the above claims wherein 2,3-DPG levels of the red

blood cells in said product are maintained to at least 50% of initial levels up to least

28 days of storage.

6. The method of any of the above claims wherein said blood comprises whole

blood.

7. The method of any of the above claims wherein said blood comprises

concentrated red blood cells that have been separated from whole blood.

8. The method of any of the above claims comprising adding a selected volume of

said substantially chloride-free, additive solution to said blood prior to separating said

blood into concentrated red blood cells and supernatant, carrying out step (a) and

omitting steps (b) - (e) to provide a red blood cell concentrate and a supernatant portion

comprising at least plasma and additive solution; and

removing substantially all of said supernatant to provide a treated red blood cell

concentrate, said concentrate comprising red blood cells and a volume of remaining

supernatant,

combining said treated red blood cell concentrate with a portion of said

substantially chloride-free, additive solution to provide a final red blood cell product

comprising red blood cell concentrate and a supernatant component, wherein the

percentage of plasma in said supernatant component is no greater than %.

9. The method of any of the above claims wherein said blood is whole blood.

10. The method of any of the above claims comprising separating said blood into red

blood cells and supernatant by automated apheresis.



1 A readily transfusible red blood cell blood product comprising:

a concentrated red blood cell portion having a volume of

approximately 150-250 ml;

a supernatant portion, said supernatant portion comprising at

least plasma and a substantially chloride-free, additive solution;

wherein the plasma content of the supernatant portion is no

greater than 15%.

12. The product of Claim 11 wherein the plasma content of the supernatant

portion of the red blood cell product is between about 6% to about 15%.

13. The product of any of claims 11-12 wherein said additive solution comprises

about 20 to about 140 mM of glucose, about 20 to about 100 mM mannitol, about 15

to about 40 mM sodium phosphate dibasic, about 3 to about 90 mM sodium citrate

and about 1 to 2.5 mM adenine and has a pH of greater than 8.0.

14. The product of any of claims 11-13 wherein said additive solution comprises

about 111 mM of glucose, about 39.9 mM of mannitol, about 20.4 mM of sodium

phosphate dibasic, about 25.0 of sodium citrate and about 2.0 mM of adenine and

has a pH of about 8.4.

15. The product of any of claims 11-13 wherein said additive solution comprises

about 35 to about 60 mM glucose, about 30 to about 60 mM mannitol, about 15 to

about 27 mM sodium phosphate dibasic, about 20 to about 35 mM sodium citrate

and about 1 to 2 mM adenine and has a pH of greater than 8.0.

16. The product of any of claims 11-15 wherein said red blood cell product has a

1% hemolysis of less than after up to 42 days of storage.



17. The product of any of ciaims 11-16 wherein 2,3 DPG levels of the red blood

cells in said product are maintained to at least 50% of initial levels after up to least

28 days of storage.

18. A system for reducing the plasma content of a red blood cell preparation,

comprising:

a first container for receiving whole blood, said first

container having at least one resea!able port;

a vent line with a proximal and distal ends, said

vent line being in fluid communication with the

first container of said proximal end, said vent line

having a volume of approximately 20-50 m!s;

a second container for receiving plasma, and a flow

path establishing fluid communication between said

first container and said second container, said vent

line being in fluid communication with said second

container at said distal end; and

a flow controller in adjustable flow communication

with said vent line and said second container.

19. The system of Claim 18 wherein said vent line is direct fluid communication

with said second container.

20. The system of any of claims 18-19 wherein a spring-loaded cam seals the

plasma container from fluid communication with said first container.

2 1. The system of any of claims 18-20 wherein said vent line terminates at said

distal end with a hydrophobic membrane.

A method for processing red blood cells, comprising:



a separating about 400-500 ml of anticoagulated whole blood to provide

about 150-250 ml of concentrated red blood ceils and a supernatant

component comprising at least one of plasma and anticoagulant;

b removing substantially all of said supernatant to provide an initial red

blood cell concentrate volume of about 150-250 ml and about 10-30 ml of

remaining supernatant;

c . combining said initial red blood cell concentrate with about 100-300 mi

of a substantially chloride-free, additive solution to provide an intermediate red

biood cell product;

d. separating said intermediate red biood cell product to provide about

150-250 ml of concentrated red blood cells and a supernatant component

comprising at least plasma, anticoagulant and said additive solution;

e. removing substantially all of said supernatant component from said

intermediate red blood cell product to provide a treated red blood cell

concentrate comprising about 150-250 ml of red blood cells and about 10-30

ml of remaining supernatant,

f . combining said treated red blood cell concentrate with about 100-150

ml of a substantially chloride-free, additive solution to provide a final red blood

ceil product wherein the percentage of plasma in said supernatant component

is no greater than 15%.

24. The method of claim 23 wherein the percentage of plasma in said supernatant

component of said final red blood cell product is between about 6% and 15%.

25. The method of any of claims 23-24 wherein the percentage of plasma in said

supernatant component of said final red blood cell product is between about 6% and

11%.
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1. I I Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 4-10, 14-17, 2 1

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

- •"-Please see supplemental page-***~

1· I I As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. □ As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

No required additional search fees were timely paid by the applicant. Consequently, this international search report
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Claims 1-3, 11-13, 23-25

Remark on Protest I I The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees.
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Continued from Box III, Observations where unity of invention is lacking.

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: Claims 1-3, 11-13 and 23-25 are directed to a method for processing red blood cells, comprising: a. separating a quantity of
blood into concentrated red blood cells and a supernatant component; b. removing said supernatant component to provide an initial red
blood cell concentrate; c. combining a substantially chloride-free, additive solution with said red blood cell concentrate to provide an
intermediate red blood cell product; d. separating said intermediate red blood cell product into a concentrated red blood cell component
and a supernatant component comprising at least plasma and said additive solution; e. removing substantially all of said supernatant
component from said intermediate red blood cell product to provide a treated red blood cell concentrate, f. combining said treated red
blood cell concentrate with a selected amount of said substantially chloride-free, additive solution to provide a final red blood cell product
comprising red blood cell concentrate and a supernatant component, wherein the percentage of plasma in said supernatant component
is no greater than 15%.

Group II: Claims 18-20 are directed to a system for reducing the plasma content of a red blood cell preparation, comprising: a first
container for receiving whole blood, said first container having at least one resealable port; a vent line with a proximal and distal ends,
siad vent line being in fluid communication with the first container of said proximal end, said vent line having a volume of approximately
20-50 mis; a second container for receiving plasma, and a flow path establishing fluid communication between said first container and
said second container, said vent line being in fluid communication with said second container at said distal end; and a flow controller in
adjustable flow communication with said vent line and said second container.

The inventions listed as Groups l-ll do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical feature for the following reasons:

The special technical feature of Group I is a method for processing red blood cells, comprising: a. separating a quantity of blood into
concentrated red blood cells and a supernatant component; b. removing said supernatant component to provide an initial red blood cell
concentrate; c. combining a substantially chloride-free, additive solution with said red blood cell concentrate to provide an intermediate
red blood cell product; d. separating said intermediate red blood cell product into a concentrated red blood cell component and a
supernatant component comprising at least plasma and said additive solution; e. removing substantially all of said supernatant
component from said intermediate red blood cell product to provide a treated red blood cell concentrate, f. combining said treated red
blood cell concentrate with a selected amount of said substantially chloride-free, additive solution to provide a final red blood cell product
comprising red blood cell concentrate and a supernatant component, wherein the percentage of plasma in said supernatant component
is no greater than 15%, which is not present in Group II that has a special technical feature of a system for reducing the plasma content
of a red blood cell preparation, comprising: a first container for receiving whole blood, said first container having at least one resealable
port; a vent line with a proximal and distal ends, siad vent line being in fluid communication with the first container of said proximal end,
said vent line having a volume of approximately 20-50 mis; a second container for receiving plasma, and a flow path establishing fluid
communication between said first container and said second container, said vent line being in fluid communication with said second
container at said distal end; and a flow controller in adjustable flow communication with said vent line and said second container.
Accordingly, unity of invention is lacking under PCT Rule 13.1.
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