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(57) Abstract: A method for washing platelets includes introducing anticoagulant into a platelet product container, drawing re-an-
ticoagulated platelet product from the platelet product container, and introducing it into a centrifuge bowl. The centrifuge bowl
separates the platelets from the supernatant in which they are suspended. The method then washes the platelets by introducing
wash solution into the centrifuge bowl. As the wash solution is introduced into the bowl, it displaces the supernatant from the
bowl and into a waste container. The method then introduces platelet additive solution into the centrituge bowl, which displaces
the wash solution from the centrifuge bowl and into the waste container and further wash the platelets. The method then repeated-
ly accelerates and decelerates the centrifuge bowl to resuspend the platelets in the platelet additive solution.
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System and Method For Automated Platelet Wash

Technical Field

Priority
[0001] This patent application claims priority from U.S. Provisional Patent
Application serial number 61/410,738, filed November 5, 2010, entitled, “System and
Method For Automated Platelet Wash,” assigned attorney docket number 1611/A68, and
naming Etienne Pagés, Dominique Uhlmann, and Matthew Murphy as inventors, the

disclosure of which is incorporated herein, in its entirety, by reference.

Technical Field

[0002] The present invention relates to systems and methods for washing collected
platelets, and more particularly to system and methods for washing collected platelets in an

automated and closed process.

Background Art

[0003] Apheresis is a procedure in which individual blood components (e.g.,
platelets) can be separated and collected from whole blood temporarily withdrawn from a
subject. Additionally, blood components such as platelets may be collected using a variety of
other process. Once collected, these components may be stored and later transfused into
patients. However, in some instances, the receiving patient may have adverse reactions
(sometime severe) to the transfusion. For example, the occurrence of adverse reactions such
as allergic reactions, anaphylactic reactions, and/or febrile nonhemolytic transfusion
reactions (FNHTRs) to platelet concentrates (PCs) and/or platelet rich plasma (PRP) is well-
documented. A large number of these adverse reactions are caused by the patients’ sensitivity
to the proteins contained within the plasma (e.g., the supernatant in which the platelets are

suspended). Additionally, the plasma/supernatant may also contain a number of contaminates
1
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that are in solution with and/or suspended within the supernatant. These contaminates may
increase the severity of the reactions and/or may cause additional reactions.

[0004] In order to reduce the occurrence of these reactions, various prior art systems
“wash” the platelets to remove the plasma supernatant from the platelet concentrate and/or
PRP prior to transfusion. For example, prior art systems may dilute the platelet product with
saline solution within the platelet collection bag. Once diluted, prior art systems and methods
then centrifuge the diluted platelet product in order to form a “platelet pellet” at the bottom
of the bag. The pellet supernatant (e.g., the plasma) may then be removed, for example, using
a whole blood separation press, and the platelets resuspended in a different solution. The
dilution procedure must then be repeated multiple times (e.g., at least three times) in order to
sufficiently remove the supernatant (e.g., the plasma) and proteins/contaminates. Once the
supernatant and proteins have been sufficiently removed, the platelets may then be
resuspended within a platelet additive solution. By essentially replacing the plasma
supernatant with platelet additive solution, prior art methods are able to reduce the risk of
adverse reaction.

[0005] However, prior art systems and methods like those described above are
problematic for a variety of reasons. First, because prior art systems require multiple sterile
docking steps (e.g., in order to repeat the washing procedure and to add the platelet additive
solution), the product is not processed in a functionally closed manner which, in turn,
increases the risk of contamination and reduces the length of time that the platelets can be
stored. Additionally, manual processes inherently have a high risk of human error and the
results may vary depending on the operator (e.g., they are not reproducible). Furthermore,

the manual prior art procedures are labor intensive.

Summary of the Embodiments

[0006] In accordance with one embodiment of the present invention, a method for
washing platelets includes introducing anticoagulant into a platelet product container, and
drawing anticoagulated platelet product from the container. The platelet product (e.g.,
platelet rich plasma) within the container may contain platelets suspended within a
supernatant (e.g., plasma). The method may then introduce the anticoagulated platelet

product into a centrifuge bowl which, in turn, separates the platelets from the supernatant.
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Once the platelets are separated from the supernatant, the method may then introduce wash
solution (e.g., anticoagulated saline glucose solution ) into the centrifuge bowl to displace the
supernatant from the bowl (e.g., into a waste container), and introduce platelet additive
solution into the centrifuge bowl to displace the wash solution from the centrifuge bowl (e.g.,
into the waste container).

[0007] After introducing the platelet additive solution and displacing the wash
solution, the method may then “jog” the bowl by accelerating (e.g., for two second) and
decelerating the centrifuge bowl (in the same direction or alternating between clockwise and
counter-clockwise directions) multiple times (e.g., starting and stopping once and then
repeating, for example, three times) to resuspend the platelets in the platelet additive
solution. The method may then transfer the resuspended platelets and platelet additive
solution to a platelet storage container.

[0008] In additional embodiments, the method may transfer a portion of the
resuspended platelets and platelet additive solution from the centrifuge bowl to a platelet
storage container and then, once again, repeat the accelerating and decelerating process at
least once (e.g., four additional times). After repeating the accelerating and decelerating
process, the method may then transfer the platelets and platelet additive solution remaining
within the centrifuge bowl to the platelet storage container. The method may also add platelet
additive solution to the washed-platelet storage container after the system transfers the
remaining platelets and platelet additive solution to the washed-platelet container to achieve
a predetermined washed-platelet volume and/or a predetermined washed-platelet yield.

[0009] In some embodiments, the method may introduce anticoagulant into the wash
solution prior to introducing the wash solution into the centrifuge bowl. The method may
also rinse the centrifuge bowl with platelet additive solution after the second jogging step,
and transfer the platelet additive solution in the centrifuge bowl (e.g., the solution used for
the rinse) to the platelet storage container.

[0010] In accordance with additional embodiments, the method may agitate the
platelet product container (e.g., with a shaker) as anticoagulant is in introduced into the
platelet product container. Additionally, the method may also transfer a portion of the
resuspended platelets and platelet additive solution to the platelet storage container prior to

initially jogging the centrifuge bowl.
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[0011] In accordance with further embodiments of the present invention, a system for
automated platelet washing may include (1) a sterile connection for connecting a platelet
product container to the system and withdrawing platelet product from the container, (2) a
centrifuge bowl, (3) a wash solution source, (4) a platelet additive solution source, and (5) a
controller. The centrifuge bowl separates the platelet product into platelets and a supernatant,
and may be configured to send the supernatant to a waste container. The wash solution
source may be fluidly connected to the centrifuge bowl and configured to send wash solution
to the centrifuge bowl. The platelet additive solution source may be fluidly connected to the
centrifuge bowl and configured to send platelet additive solution to the centrifuge bowl. The
controller controls the operation of the centrifuge bowl, and may accelerate (e.g., for two
seconds) and decelerate the centrifuge bowl multiple times (e.g., four times) to resuspend the
platelets within the platelet additive solution (e.g., after the platelet additive solution is added
to the platelets and the supernatant is sent to the waste container). Accelerating and
decelerating may include starting and stopping the bowl. In some embodiments, the
controller may alternate starting the bowl in clockwise and counter-clockwise directions
when accelerating and decelerating the centrifuge bowl.

[0012] The system may also include a washed-platelet storage container, and the
system may transfer a portion of the resuspended platelets to the washed-platelet storage
container after the controller accelerates and decelerates (e.g., starts and stops) the centrifuge
bowl. In such embodiments, the controller may repeat the accelerating and decelerating of
the centrifuge bowl after the portion of the resuspended platelets is transferred to the washed-
platelet storage container. Additionally, the system may transfer the remaining platelets and
platelet additive solution to the washed-platelet storage container after the controller repeats
the accelerating and decelerating. The system may also include an anticoagulant source, and
the system may introduce anticoagulant from the anticoagulant source into the platelet
product container. In some embodiments, the controller may also be configured to add
platelet additive solution to the washed-platelet storage container after the system transfers
the remaining platelets and platelet additive solution to the washed-platelet container to
achieve a predetermined washed-platelet volume and/or a predetermined washed-platelet

yield.
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[0013] In accordance with additional embodiments, a system for washing platelets
may include (1) means for introducing anticoagulant into a platelet product container, (2)
means for drawing anticoagulated platelet product from the platelet product container, (3) a
centrifuge bowl, (4) means for introducing wash solution into the centrifuge bowl, (5) means
for introducing platelet additive solution into the centrifuge bowl, and (6) a controller for
controlling the operation of the centrifuge bowl. The platelet product may contain platelets
suspended within a supernatant, and the centrifuge bowl may separate the platelets from the
supernatant. As it enters the bowl, the wash solution may displace the supernatant from the
bowl and into a waste container. Similarly, as the platelet additive solution enters the bowl,
the platelet additive solution may displace the wash solution from the centrifuge bowl and
into the waste container.

[0014] The controller may accelerate and decelerate the centrifuge bowl multiple
times to resuspend the platelets within the platelet additive solution after the platelet additive
solution has displaced the supernatant (e.g., contaminated supernatant) to the waste
container. The system may also include means for transferring the resuspended platelets and
platelet additive solution to a platelet storage container.

[0015] Some embodiments may also include means for transferring a portion of the
resuspended platelets and platelet additive solution from the centrifuge bowl to a platelet
storage container. In such embodiments, the controller may also be configured to repeat the
accelerating and decelerating (e.g., stopping and starting) of the centrifuge bowl after the
portion of the resuspended platelets is transferred to the platelet storage container. The
system may also include means for transferring the remaining resuspended platelets and
platelet additive solution from centrifuge bowl to the platelet storage container, and means
for introducing anticoagulant into the wash solution prior to introducing the wash solution
into the centrifuge bowl.

[0016] The controller may be further configured to alternate starting the bowl in
clockwise and counter-clockwise directions when starting and stopping the centrifuge bowl.
Additionally, the system may also include a shaker to agitate the platelet product container as
anticoagulant is in introduced into the platelet product container. In some embodiments, the
controller may also be configured to add platelet additive solution to the washed-platelet

storage container after the system transfers the remaining platelets and platelet additive
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solution to the washed-platelet container to achieve a predetermined washed-platelet volume

and/or a predetermined washed-platelet yield.

Brief Description of the Drawings

[0017] The foregoing features of embodiments will be more readily understood by
reference to the following detailed description, taken with reference to the accompanying
drawings, in which:

[0018] Fig. 1 is a schematic diagram of a platelet wash system, in accordance with
one embodiment of the invention,;

[0019] Fig. 2 is a schematic diagram of a disposable system for use with the system
of Fig. 1, in accordance with one embodiment of the present invention.

[0020] Fig. 3A schematically shows a side view of a centrifuge bowl for use with the
platelet wash system of Fig. 1, in accordance with some embodiments of the present
invention.

[0021] Fig. 3B schematically shows a side view of an alternative centrifuge bowl for
use with the platelet wash system of Fig. 1, in accordance with some embodiments of the
present invention.

[0022] Fig. 3¢ schematically shows a side view of a third centrifuge bowl for use
with the platelet wash system of Fig. 1, in accordance with some embodiments of the present
invention.

[0023] Fig. 4 is a flow chart depicting a method for washing collected platelets and
platelet product, in accordance with one embodiment of the present invention; and

[0024] Fig. 5 is a flow chart depicting an alternative method for washing collected
platelets and platelet product, in accordance with additional embodiments of the present

invention.

Detailed Description of Specific Embodiments

[0025] Referring to Figures 1 and 2, an automated platelet wash system 100 uses a
centrifuge 110, such as the centrifuge bowl described within U.S. Patent No. 4,983,158,
which is hereby incorporated by reference, to separate platelets from its supernatant (e.g., the

fluid in which the platelets are suspended). Other types of separation chambers and devices
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may be used, such as, without limitation, a standard Latham type centrifuge (Fig. 3C), as
described in U.S. Pat. Nos. 3,145,713 and 5,882,289, which are hereby incorporated by
reference.

[0026] The centrifuge 110 includes a rotating bowl 120 and stationary input and
output ports PT1 and PT2 that are typically closely coupled to the bowl interior by a rotary
scal 74 (see Fig. 3A). Although the material and size of the bowl 120 may vary depending
upon the application and amount of platelet product to be washed, preferred embodiments of
the present invention utilize bowls having volumes ranging from 210 to 275 ml and made
from K-resin. Additionally, the system 100 may be a blood/cell processing system such as
the ACP® 215 system by Haemonetics, Corp. and/or the red blood cell cryopreservation and
recovery apparatus described in U.S. Patent No. 6,440,372, which is hereby incorporated by
reference.

[0027] As shown in Figure 3B, in some embodiments, the centrifuge bowl 120 may
include a core 121 with a diverter 122 located within the interior of the bowl 120, such as the
centrifuge bowl described within U.S. Patent No. 4,943,273, which is hereby incorporated by
reference. The diverter 122 may be a donut-like member located near the bottom of the bowl
120 and may have openings 123 at the peripheral edge and openings 126 between the
openings 123 and the core 121. As fluid to be processed (e.g., platelet product, PRP, etc.)
enters the bowl 120 through input port PT1, the fluid flows through feed tube 124 and into
the bottom of the bowl 120. The centrifugal forces then force the platelet product to flow
outwardly and upwardly through openings 123 and into separation region 125. As wash
solution (or platelet additive solution) enters the bowl 120, the wash solution may enter
separation region 125 though openings 126 to create a washing cross-flow.

[0028] The input port PT1 of the centrifuge bowl 120 is in fluid communication with
a platelet product container 130 via a tube 132, connector 134, tube 136, and a Y-connector
138. Tubes 132 and 136 have compatibility with blood and blood products, as is all the
tubing in the system 100. The platelet product container 130 may contain platelet product
(e.g., platelet rich plasma) derived from a donor using a blood apheresis system such as the
MCS apheresis systems available from Haemonetics, Corp. As described in greater detail
below, the inlet port PT1 is also fluidly connected to a variety of solution containers

140/150/160 (described in greater detail below) via valves V1/V2/V3, tubes 144/154/164,



WO 2012/060848 PCT/US2010/056722

connector 112, and tube 115. The outlet port PT2 of the centrifuge bowl 120 is fluidly
connected to a waste container 170 by a tube 116, a valve V4 and a tube 118.

[0029] As mentioned above, in addition to the platelet product container 130, the
inlet port PT1 of the centrifuge 110 may also be fluidly connected to a number of solution
containers 140/150/160. The solution containers may include a bag or container 140 for
storing anticoagulant, a wash solution storage container 150, and a platelet additive solution
storage container 160. The use of cach of these solutions is described in greater detail below.
The tube 115 connecting the solution containers 140/150/160 to the centrifuge bowl 120 may
include a bacteria filter 180 that prevents any bacteria within the anticoagulant, platelet
additive solution, and/or wash solution from entering the system 100. Containers
140/150/160 are preferably plastic bags made of material that is compatible with the solution
that each bag contains.

[0030] The system 100 may also include a controller 190 that controls the overall
operation of the system 100 and the centrifuge 110. For example, the controller 190 may
control the operation of peristaltic pumps P1 and P2, as well as, valves V1/V2/V3/V4 to
control the direction and duration of flow through the system 100. Additionally, the
controller 190 may also control the operation of additional system components such as a
shaker 192 and printer 194 (if equipped). The printer 194 may be used to print reports and/or
other information regarding the process. As discussed in greater detail below, the shaker 192
may be used during the re-anticoagulation of the platelet product contained within container
130. The controller 190 may also be coupled to a display screen 196 that presents
information to a system operator, and an input device 198 that allows the system operator to
input information and supply the controller 190 with information. For example, the input
device 198 may allow the user to input a desired final platelet volume (e.g., a volume greater
than the bowl 120 volume) and/or a desired final platelet yield. As discussed in greater detail
below, the controller 190 may add platelet additive solution to the washed-platelet product in
order to achieve the desired volume and/or yield.

[0031] It is important to note that, in other embodiments of the present invention, the
shaker 192 and the printer 194 may be stand alone components that are not connected to the

system 100. In such embodiments, these components may operate independently from the



WO 2012/060848 PCT/US2010/056722

system 100 and controller 190. For example, the shaker 192 may be an independent device
with its own operational controls (e.g., it may not be controlled by controller 190).

[0032] In order to monitor the pressure within the system 100, the system may also
include one or more pressure sensors. For example, the system 100 may include a pressure
sensor 122 on tube 136 to measure the pressure between the pump P1 and the washed platelet
collection bag 175. Similarly, the system 100 may also include a pressure sensor 126 on tube
118 to measure the pressure between the centrifuge bowl 120 and the waste container 170.
Each of the pressure sensors 122/126 may include a filter 124/128 (e.g., a 0.2 um
hydrophobic filter and/or anti-bacterial filter) to preserve sterility within the system 100.

[0033] As shown in Fig. 2, various components may be packaged together as a
disposable set 200. For example, the disposable set 200 may include tubes
115/116/118/132/144/154/172/174, connectors 134/138/112, valves V1/V2/V3/V4, the
centrifuge bowl 120, the bacteria filter 180, the waste container 170, and the washed platelet
storage container 175. Additionally, the disposable set 200 may also include connection ports
for the solution containers 140/150/160, and the platelet product container 130. For example,
the disposable set 200 may include a first sterile connection 131 for connecting the platelet
product container 130, a second sterile connection 162 for connecting the platelet additive
solution container 160, and connections 142/152 (e.g., spike connections, luer-lock
connections, etc.) for connecting the wash solution container 150 and the anticoagulant
container 140. Prior to starting the platelet wash procedure, the disposable set 200 may be
removed from its packaging and installed into the system 100, as shown in Figure 1.

[0034] Fig. 4 is a flowchart depicting a method for washing platelet product, in
accordance with one embodiment of the invention. First, the system operator may connect
the platelet product container 130 to the sterile port 131 (step 401) and connect the
anticoagulant container 140, wash solution container 150, and platelet additive solution
container 160 to connectors 142/152/162 (step 402). Once the containers are connected, the
system 100 may add anticoagulant (e.g., to re-anticoagulate) to the platelet product within the
platelet product container 130 (Step 403). To that end, the system 100 may energize pumps
P1 and P2 and use the pumps P1/P2 (e.g., in series) to draw anticoagulant from container 140
through tubes 144 and 115, bacteria filter 180, lines 136, and 132 and into the platelet

product container 130. In order to aid mixing of the platelet product and the anticoagulant,
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the platelet product container 130 may be placed on shaker 192 which agitates the solutions
(e.g., the platelet product and the anticoagulant) within the platelet product container 130.

[0035] Once the anticoagulant is added to the platelet product, the system 100 may
transfer a volume (e.g., all or part) of the re-anticoagulated platelet product to the centrifuge
bowl 120 (Step 404) and begin to centrifuge the re-anticoagulated platelet product (step 405).
Although the rate at which the platelet product is transferred to the centrifuge bowl 120 and
the speed at which the bowl 120 is rotated (e.g., to centrifuge the platelet product) may vary,
some embodiments of the present invention may transfer the platelet product at 150 ml/min
and rotate the centrifuge bowl 120 at approximately 8000 RPM. As the platelet product
enters the bowl 120 (e.g., separation region 125), the centrifugal forces on the platelet
product will begin to separate the platelets from the supernatant (e.g., plasma) and cause the
platelets to migrate towards the outer diameter of the bowl 120.

[0036] The system 100 may then continue to rotate the bowl 120 and begin to wash
the platelets with wash solution (e.g., saline glucose) (Step 406). During this step, the pump
P2 will begin to draw wash solution from container 150 and wash the platelets contained
within the bowl 120 by introducing the wash solution into the centrifuge bowl 120 through
inlet port PT1. As the wash solution enters the centrifuge bowl 120, the wash solution will
begin to mix with the supernatant (e.g., the re-anticoagulated plasma) within the bowl 120
and separated from the platelets. As additional wash solution enters the bowl, the wash
solution/plasma mixture will be displaced from the centrifuge bowl 120 through the outlet
port PT2 and will be sent to the waste container 170 through tubes 116 and 118. Although
the rate at which the system 100 introduces the wash solution to wash the platelets may also
vary depending on the application and/or volume of platelet product being washed, some
embodiments of the present invention wash the platelets at 150 ml/min for a total of 1500 ml
of wash solution. Additionally, it is important to note that, during the wash step, the
centrifuge 110 and bowl 120 continue to rotate at approximately 8000 RPM and the wash
solution is continuously displaced (e.g., out port PT2 and into waste container 170) as
additional wash solution is introduced into the bowl 120.

[0037] In some embodiments, it may be beneficial to add anticoagulant to the wash
solution (e.g., a ratio of 1:20) prior to transferring the wash solution to the centrifuge bowl

120. To that end, the system 100/controller 190 may add anticoagulant to the wash solution

10
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at connector 112 and/or as it flows through line 115. For example, as pump P2 is drawing the
wash solution from container 150, the controller 190 or system operator (if the valves are
manual valves) may open and close valve V1 at appropriate intervals to meter anticoagulant
into lines 144 and 115 as the wash solution is being transferred to the bowl 120.

[0038] It is important to note that, by adding anticoagulant to the platelet product and
the wash solution, the pH of the platelets and contents of the bowl 120 temporarily decrease
(e.g., while the platelets are being washed with the wash solution). This temporary decrease
in pH helps prevent the platelets from adhering to each other during processing.
Additionally, as discussed in greater detail below, the pH of the final platelet product (e.g.,
the washed platelets) increases (e.g., to above 6.4) once the platelets are resuspended in the
platelet additive solution.

[0039] After the system 100 performs the initial wash step (e.g., Step 406) with wash
solution, the system 100 will then begin the final platelet wash (Step 407). During the final
platelet wash, the system 100 will close valve V2 and open V3 in order to transfer the
platelet additive solution from container 160 to the centrifuge bowl 120. As the platelet
additive solution is transferred to the centrifuge bowl 120, the platelet additive solution will
mix with the wash solution remaining within the bowl from the initial wash step (e.g., Step
406). Additionally, in a manner similar to the initial wash step with the wash solution (e.g.,
Step 406), the system 100 will transfer a greater volume of platelet additive solution than the
centrifuge bowl 120 can hold. For example, the final wash step may transfer 500 ml of
platelet additive solution at 150 ml/min while the bowl 120 is rotating at approximately 8000
RPM. However, as platelet additive solution enters the bowl 120 through the inlet port PT1,
an equivalent volume of the platelet additive solution/wash solution mixture will be
displaced through outlet PT2 and flow into the waste container 170. Once the final wash step
is complete, the system 100/controller 190 may stop the centrifuge.

[0040] After completing the final wash (Step 407) and stopping the centrifuge 110
and bowl 120, the system 100/controller 190 may agitate and/or jog the bowl 120 (Step 408
to help remove any platelets that may be stuck to the side of the centrifuge bowl 120 by
commencing a series of acceleration and deceleration steps prior to emptying the bowl 120.
For example, the controller 190 may start/accelerate the centrifuge 110/bowl 120 for a

predetermined amount of time (e.g., 2 seconds) and then decelerate the centrifuge 110/bowl
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120. The jogging (e.g., the alternating acceleration and deceleration) creates turbulence
within the bowl 120 and induces movement of the fluid in the bowl 120 relative to the bowl
120 which, in turn, helps remove the platelets from the wall of the bowl 120. The system
100/controller 190 may repeat this acceleration/deceleration process multiple time (e.g., 3
additional times).

[0041] It is important to note that, in some embodiments, the controller 190 does not
need to stop the bowl between the acceleration and deceleration steps. For example, the
controller 190 does not need to allow the bowl 120 come to a complete stop during the
deceleration step before accelerating the bowl 120. Additionally, to decelerate the bowl 120,
the controller may simply de-energize the bowl 120/centrifuge 110 and allow the bowl 120 to
decelerate on its own (e.g., by the friction within the motor, bowl 120, etc.). In other words,
in some embodiments, the controller 120 does not have to actively brake the bowl 120 during
deceleration.

[0042] In some embodiments, the acceleration and deceleration steps may include
starting and stopping the bowl 120. For example, the initial acceleration step may start the
bowl 120 from a stop. In such embodiments, the controller 190 may also bring the bowl 120
to a complete stop (or allow the bowl 120 to come to a complete stop) during the
deceleration step.

[0043] Once the initial agitation step is complete (Step 408), the system
100/controller 190 may partially empty the bowl 120 (Step 409) by using pump P1 to remove
a volume of the platelet additive solution and platelets from the bowl 120, and transfer the
volume to the washed platelet storage container 175. By reducing the volume within the
centrifuge bowl 120, the “sloshing” and turbulence within the bowl 120 is increased during
subsequent agitation steps, discussed below.

[0044] The system 100/controller 190 may then begin a second jogging/agitation step
(Step 410) in which the system 100/controller 190 repeats the agitation process (Step 408).
For example, the system 100/controller 190 may, once again, accelerate and decelerate (e.g.,
starts and stops) the bowl 120 multiple times in order create turbulence within the bowl 120
and remove the platelets from the walls of the bowl 120. Additionally, like the first agitation
step (Step 408), the controller may accelerate the bowl for predetermined period of time

(e.g., 2 seconds) and decelerate the bowl 12 repeatedly (e.g., four times total).
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[0045] The direction of rotation of the centrifuge 110 and bowl 120 may depend
upon the type of system 100 and centrifuge 110 used. For example, if equipped with a dual-
direction centrifuge, the system 100/controller 190 may alternate the direction of rotation for
cach acceleration/start cycle. In other words, the system 100/controller 190 may alternate
rotating the bowl 120 in clock-wise and counter-clock-wise directions (e.g., in order to
increase the turbulence within the bowl 120). Additionally, although the agitation steps are
described above as accelerating/starting the centrifuge 110 for two seconds and repeating
three times (e.g., for a total of four start/stop cycles), the time and number of repeats can
vary. For example, some embodiments of the invention may accelerate/start the centrifuge
for three seconds and other embodiments may start the centrifuge 110 for one or four or more
seconds. Likewise, some embodiments may only repeat the acceleration/deceleration steps
twice and other embodiments may repeat four or more times.

[0046] Once the second jogging/agitation step (Step 410) is complete, the system
100/controller 190 may stop the centrifuge 110 and empty the bowl 120 (Step 411). For
example, the controller 190 may energize pump P2 and draw the remaining platelets and
platelet additive solution through the inlet port PT1 and transfer the platelets/platelet additive
solution to the washed platelet storage container 175.

[0047] As mentioned above, the addition of anticoagulant to the platelet product and
wash solution reduces the pH of the platelets and platelet product during washing. However,
once the platelet additive solution displaces the wash solution within the bowl 120 and the
platelets are resuspended in the platelet additive solution, the pH increases to a level more
suitable for platelet storage (e.g., above 6.4 and/or the pH of the platelet additive solution).

[0048] In addition to the steps described above and shown in Figure 4, some
embodiments may also include additional, optional steps. For example, as shown in Figure 5,
prior to starting the initial jogging/agitation step (Step 408), some embodiments may stop the
centrifuge 110 and transfer a small volume (e.g., 50 ml) of platelet additive solution and
platelets from the bowl 120 to the washed platelet storage container 175 (Step 501). By doing
s0, the system 100 may improve the “sloshing” and turbulence within the bowl 120 which, in
turn, helps remove the platelets from the walls of the centrifuge bowl 120.

[0049] Additionally or alternatively, some embodiments may conduct a final rinse

step (Step 502) after emptying the bowl 120 (e.g., after Step 411). During the final rinse step,
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the system 100/controller 190 may transfer a volume (e.g., 35 ml) of platelet additive
solution to the centrifuge bowl 120. The system 100/controller 190 may then accelerate and
decelerate (e.g., start and stop) the bowl 120 in a manner similar to steps 408 and 410 to rinse
out any remaining platelets contained with bowl 120. This rinse may then be transferred to
the washed platelet storage container 175.

[0050] Furthermore, if the operator input a desired platelet volume or desired platelet
yield into the input device 198 (discussed above), the controller 190 may add platelet
additive solution to the washed-platelet product within collection bag 175 to obtain the
programmed volume or yield (Step 503). For example, the controller 190 may use pumps P1
and P2 (e.g., in series) to transfer the required volume of platelet additive solution from
container 160 to the collection container 175.

[0051] It is also important to note that the flow rates and volumes discussed above
are only meant as examples, and the flow rates and volumes may vary. For example, the
wash solution flow rate and volume may be greater than or less than 150 ml/min and 1500
ml, respectively. Additionally, the platelet additive solution flow rate and volume may be
greater than or less than 150 ml/min and 500 ml, respectively. Furthermore, the RPM
provided above is similarly meant only as an example and may vary. For example, the RPM
may be less than or greater than 8000 RPM (e.g., it may be between 7000 and 7500 RPM,
less than 7000 RPM, or greater than 8000 RPM).

[0052] The systems and methods described above provide numerous advantages over
the prior art. In particular, because embodiments of the present invention are conducted
within a closed system, there is a reduced risk of contamination and the final product (e.g.,
the washed platelets) can be stored for greater periods of time. For example, platelets washed
with embodiments of the present invention may be stored for greater than 24, as compared to
only 6-8 hours for platelets washed with the prior art manual procedures described above.

[0053] Additionally, because various embodiments of the present invention are
automated, the results (e.g., platelet recovery, protein removal, etc.) are reproducible and less
subject to operator error. For example, embodiments of the present invention are repeatedly
able to reduce the protein within the platelet product by greater than 80% (and up to 99%)
and repeatedly recover greater than 80% of the platelets within the initial platelet product
(e.g., the PRP).
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[0054] The embodiments of the invention described above are intended to be merely
exemplary; numerous variations and modifications will be apparent to those skilled in the art.
All such variations and modifications are intended to be within the scope of the present

invention as defined in any appended claims.
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What is claimed is:

1. A method for washing platelets comprising:

(a) introducing anticoagulant into a platelet product container containing platelet
product, the platelet product containing platelets suspended within a supernatant;

(b) drawing anticoagulated platelet product from the platelet product container;

(¢) introducing the anticoagulated platelet product into a centrifuge bowl, the
centrifuge bowl separating the platelets from the supernatant;

(d) introducing wash solution into the centrifuge bowl, the wash solution displacing
the supernatant from the bowl and into a waste container;

(e) introducing platelet additive solution into the centrifuge bowl, the platelet additive
solution displacing the wash solution from the centrifuge bowl and into the waste container;

(f) jogging the centrifuge bowl by accelerating and decelerating the centrifuge bowl;

(g) repeating step (f) at least once, thereby resuspending the platelets in the platelet

additive solution.

2. A method according to claim 1 further comprising transferring the resuspended platelets

and platelet additive solution to a washed-platelet storage container.

3. A method according to claim 1, wherein step (f) is repeated four times.

4. A method according to claim 1, further comprising:

(h) transferring a portion of the resuspended platelets and platelet additive solution
from the centrifuge bowl to a washed-platelet storage container;

(1) repeating step (f) at least once; and

(j) transferring the platelets and platelet additive solution remaining within the

centrifuge bowl to the washed-platelet storage container.

5. A method according to claim 4, wherein step (i) includes repeating step (f) four times.
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6. A method according to claim 4, further comprising:
rinsing the centrifuge bowl with platelet additive solution after step (j); and
transferring the platelet additive solution in the centrifuge bowl to the platelet storage

container.

7. A method according to claim 4, wherein accelerating the centrifuge bowl includes starting
the centrifuge bowl from a stop and decelerating the centrifuge bowl includes stopping the

centrifuge bowl.

8. A method according to claim 7, wherein accelerating the centrifuge bowl includes starting

the centrifuge bowl in alternating directions.

9. A method according to claim 4, further comprising adding platelet additive solution to
washed-platelet storage container after step (j) to achieve a predetermined washed-platelet
volume.

10. A method according to claim 4, further comprising adding platelet additive solution to
washed-platelet storage container after step (j) to achieve a predetermined washed-platelet
yield.

11. A method according to claim 1, wherein the wash solution is saline glucose solution.

12. A method according to claim 1, further comprising introducing anticoagulant into the

wash solution prior to introducing the wash solution into the centrifuge bowl.

13. A method according to claim 1, further comprising agitating the platelet product

container as anticoagulant is in introduced into the platelet product container.

14. A method according to claim 1, wherein the platelet product is platelet rich plasma and

the supernatant is plasma.
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15. A method according to claim 1, wherein the centrifuge bowl is accelerated for two

seconds prior to decelerating during step (f).

16. A method according to claim 1, further comprising transferring a portion of the

resuspended platelets and platelet additive solution prior to step (f).

17. A system for automated platelet washing comprising:

a sterile connection for connecting a platelet product container to the system, and
withdrawing platelet product from the platelet product container;

a centrifuge bowl for separating the platelet product into platelets and a supernatant,
the centrifuge bowl configured to send the supernatant to a waste container;

a wash solution source fluidly connected to the centrifuge bowl and configured to
send wash solution to the centrifuge bowl;

a platelet additive solution source fluidly connected to the centrifuge bowl and
configured to send platelet additive solution to the centrifuge bowl; and

a controller for controlling the operation of the centrifuge bowl, the controller
accelerating and decelerating the centrifuge bowl multiple times to resuspend the platelets
within the platelet additive solution after the platelet additive solution is added to the

platelets and the supernatant is sent to the waste container.
18. A system according to claim 17, wherein, wherein accelerating the centrifuge bowl
includes starting the centrifuge bowl from a stop and decelerating the centrifuge bowl

includes stopping the centrifuge bowl.

19. A system according to claim 18, wherein the controller alternates starting the bowl in

clockwise and counter-clockwise directions when starting and stopping the centrifuge bowl.

20. A system according to claim 17, wherein the controller accelerates and decelerates the

centrifuge bowl four times.
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21. A system according to claim 17, further comprising a washed platelet container, the
system transferring a portion of the resuspended platelets to the washed platelet container

after the controller starts and stops the centrifuge bowl.

22. A system according to claim 21, wherein the controller repeats the acclerating and
decelerating of the centrifuge bowl after the portion of the resuspended platelets is

transferred to the washed platelet container.

23. A system according to claim 21, wherein the system transfers the remaining platelets and
platelet additive solution to the washed platelet container after the controller repeats the

accelerating and decelerating.

24. A system according to claim 23, wherein the controller is further configured to add
platelet additive solution to the washed-platelet storage container after the system transfers
the remaining platelets and platelet additive solution to the washed platelet container to

achieve a predetermined washed-platelet volume.

25. A system according to claim 23, wherein the controller is further configured to add
platelet additive solution to the washed-platelet storage container after the system transfers
the remaining platelets and platelet additive solution to the washed platelet container to

achieve a predetermined washed-platelet yield.

26. A system according to claim 17, wherein the platelet product is platelet rich plasma and

the supernatant is plasma.

27. A system according to claim 17, wherein the controller accelerates the centrifuge bowl

for two seconds prior to stopping the bowl.

28. A system according to claim 17, wherein the wash solution is anticoagulated saline

glucose.
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29. A system according to claim 17 further comprising an anticoagulant source, the system

introducing anticoagulant from the anticoagulant source into the platelet product container.

30. A system for washing platelets comprising:

means for introducing anticoagulant into a platelet product container, the platelet
product containing platelets suspended within a supernatant;

means for drawing anticoagulated platelet product from the platelet product
container;

a centrifuge bowl for separating the platelets from the supernatant;

means for introducing wash solution into the centrifuge bowl, the wash solution
displacing the supernatant from the bowl and into a waste container;

means for introducing platelet additive solution into the centrifuge bowl, the platelet
additive solution displacing the wash solution from the centrifuge bowl and into the waste
container;

a controller for controlling the operation of the centrifuge bowl, the controller
accelerating and decelerating the centrifuge bowl multiple times to resuspend the platelets
within the platelet additive solution after the platelet additive solution is added to the

platelets and the supernatant and the wash solution are sent to the waste container.

31. A system according to claim 30, further comprising means for transferring the

resuspended platelets and platelet additive solution to a washed-platelet storage container.

32. A system according to claim 30, wherein the controller accelerates and decelerates the

centrifuge bowl four times.

33. A system according to claim 30, further comprising:

means for transferring a portion of the resuspended platelets and platelet additive
solution from the centrifuge bowl to a washed-platelet storage container, the controller
configured to repeat the accelerating and decelerating of the centrifuge bowl after the portion

of the resuspended platelets is transferred to the washed-platelet storage container; and
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means for transferring the remaining resuspended platelets and platelet additive

solution from centrifuge bowl to the washed-platelet storage container.

34. A system according to claim 33, wherein the controller repeats the accelerating and

decelerating four times.

35. A system according to claim 33, wherein the wash solution is anticoagulated saline

glucose solution.

36. A system according to claim 33, further comprising means for introducing anticoagulant

into the wash solution prior to introducing the wash solution into the centrifuge bowl.

37. A system according to claim 33, wherein the controller is further configured to add
platelet additive solution to the washed-platelet storage container after the system transfers
the remaining platelets and platelet additive solution to the washed platelet container to

achieve a predetermined washed-platelet volume.

38. A system according to claim 33, wherein the controller is further configured to add
platelet additive solution to the washed-platelet storage container after the system transfers
the remaining platelets and platelet additive solution to the washed platelet container to

achieve a predetermined washed-platelet yield.

39. A system according to claim 30, wherein, wherein accelerating the centrifuge bowl
includes starting the centrifuge bowl from a stop and decelerating the centrifuge bowl

includes stopping the centrifuge bowl.
40. A system according to claim 39, wherein the controller is further configured to alternate

starting the bowl in clockwise and counter-clockwise directions when starting and stopping

the centrifuge bowl.
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41. A system according to claim 30, further comprising a shaker, the shaker agitating the

platelet product container as anticoagulant is in introduced into the platelet product container.

42. A system according to claim 30, wherein the platelet product is platelet rich plasma and

the supernatant is plasma.
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