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(57) Abstract: A method for continuously washing packed red blood cells includes (1) transterring, at a first flow rate, packed red blood
cells from a container to a separation device and (2) transferring, at the same time as the packed red blood cells, wash solution from
a container to the separation device. The wash solution may be transferred at a second flow rate that is greater than the first flow rate.
The wash solution mixes with the packed red blood cells within the inlet line of the separation device and dilutes/washes the packed
red blood cells. The separation device separates the red blood cells from the wash solution and a supernatant. The method may then
monitor the volume of washed red blood cells within the separation device and begin to extract the washed red blood cells into a red
blood cell product container when a target volume is collected within the separation device.
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System and Method for Continuous Flow Red Blood Cell Washing

Priority
[0001] This patent application claims priority from United States Provisional Patent
Application number 62/354,162, filed June 24, 2016, entitled “System and Method for
Continuous Flow Red Blood Cell Washing,” assigned attorney docket number 1611/C73,
and naming Dominique Uhlmann as inventor, the disclosure of which is incorporated herein,

in its entirety by reference.

Technical Field

[0002] The present invention relates to washing blood components, and more

particularly to washing packed red blood cells using a continuous flow separation device.

Background Art

[0003] Apheresis is a procedure in which individual blood components can be
separated and collected from whole blood temporarily withdrawn from a subject. Typically,
whole blood is withdrawn through a needle inserted into a vein of the subjects arm and into a
cell separator, such as a centrifugal bowl. Once the whole blood is separated into its various
components, one or more of the components can be removed from the centrifugal bowl. The
remaining components can be returned to the subject along with optional compensation fluid
to make up for the volume of the removed component. The process of drawing and returning
continues until the quantity of the desired component has been collected, at which point the
process is stopped. A central feature of apheresis systems is that the processed but unwanted
components are returned to the donor. Separated blood components may include, for
example, a high density component such as red blood cells, an intermediate density
component such as platelets or white blood cells, and a lower density component such as
plasma.

[0004] After the procedure is complete, the collected blood components may be

further processed and/or stored for later use. In some instances, the collected blood
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components (e.g., red blood cells) may be mixed with a storage solution prior to storage.
Although this storage solution may help prolong the life of the stored blood component, in
some instances and for some therapeutic treatments, it may need to be removed prior to
infusion/transfusion. Additionally, in some instances, the blood component may deteriorate
to some degree during storage. To remove the storage solution and any deteriorated
component (e.g., lysed cells), it may be beneficial to wash the blood component prior to

infusion/transfusion.

Summary of the Embodiments

[0005] In accordance with one embodiment of the present invention, a method for
continuously washing packed red blood cells includes (1) connecting a wash solution
container to a wash solution line and (2) connecting a red blood cell container to a red blood
cell line. The wash solution line may fluidly connect the wash solution container and an inlet
line of a blood component separation device. The red blood cell line may fluidly connect the
red blood cell container and the inlet line of the blood component separation device. The red
blood cell container may contain a volume of packed red blood cells. The method may then
transfer, at a first flow rate, packed red blood cells from the red blood cell container to the
blood component separation device, and transfer, at the same time as the packed red blood
cells, wash solution from the wash solution container to the blood component separation
device. The wash solution may be transferred at a second flow rate that is greater than the
first flow rate. The wash solution may mix with the packed red blood cells in the inlet line to
dilute and wash the packed red blood cells (e.g., prior to entering the separation device). The
blood component separation device may separate the washed red blood cells from the wash
solution and a supernatant.

[0006] The method may also monitor the volume of washed red blood cells collected
within the blood component separation device, and begin drawing the washed red blood cells
from the blood component separation device (e.g., into a red blood cell product container)
when a target volume of red blood cells is collected within the blood component separation
device. Additionally or alternatively, the method may monitor the volume of packed red

blood cells remaining within the red blood cell container, and stop the transfer of packed red
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blood cells when the red blood cell container is empty. The method may also reduce the
transfer of wash solution from the second flow rate to a third flow rate.

[0007] In some embodiments, transferring the packed red blood cells to the blood
component separation device may include pumping, with a red blood cell pump, the packed
red blood cells into the blood component separation device. Similarly, transferring wash
solution to the blood component separation device may include pumping, with a wash
solution pump, the wash solution into the blood component separation device. In such
embodiments, the method may stop the red blood cell pump when the red blood cell
container is empty and/or stop the wash solution pump when all washed red blood cells have
been drawn from the blood component separation device.

[0008] In additional embodiments, the method may monitor the volume of washed
red blood cells within the blood component separation device, and stop drawing washed red
blood cells from the blood component separation device when no washed red blood cells
remain within the blood component separation device. The method may then isolate the red
blood cell product container, stop the wash solution pump to stop transferring wash solution
to the blood component separation device, and/or stop the centrifuge. The ratio of the first
flow rate to the second flow rate may be between 1:2 and 1:5 (e.g., 1:3). The first flow rate
may be between 10 and 30 milliliters per minute (e.g., 20 milliliters per minute), the second
flow rate may be between 20 and 150 milliliters per minute (e.g., 60 milliliters per minute),
and the third flow rate may be between 10 and 40 milliliters per minute (e.g., 20 milliliters
per minute). The target volume of washed red blood cells may be between 50 and 150
milliliters (e.g.,100 milliliters). The blood component separation device may be a centrifuge
bowl and the wash solution may be saline.

[0009] In accordance with further embodiments of the present invention, a system for
continuous washing of packed red blood cells includes a blood component separation device,
an inlet line, a red blood cell line, a wash solution line, a washed red blood cell line, and a
waste line. The separation device may separate packed red blood cells from a wash solution
and a supernatant, and may have an inlet, a red blood cell outlet, and a waste outlet. The inlet
line may be fluidly connected to the inlet of the blood component separation device, and may
allow dilution of the packed red blood cells with wash solution prior to entering the blood

component separation device. The red blood cell line may be fluidly connected to the inlet
3



WO 2017/223318 PCT/US2017/038761

line and may be connected to a packed red blood cell container. The flow through the red
blood cell line may be controlled by a red blood cell pump. The wash solution line may be
fluidly connected to the inlet line and a wash solution container, and the flow through the
wash solution line may be controlled by a wash solution pump. The washed red blood cell
line may be fluidly connected to the red blood cell outlet of the blood component separation
device and a red blood cell product container. The flow through the washed red blood cell
line may be controlled by a washed red blood cell pump. The waste line may be fluidly
connected to the waste outlet of the blood component separation device and a waste
container.

[0010] The system may also have a controller that controls the operation of the red
blood cell pump, the wash solution pump and the washed red blood cell pump to control
fluid flow through the system. Additionally, the system may have a pressure sensor that is
located on the washed red blood cell line and measures the pressure within the washed red
blood cell line. A line sensor located on the waste line may monitor the fluid passing through
the waste line.

[0011] In some embodiments, the blood component separation device may be a
centrifuge bowl. In such embodiments, the bowl may include an outer body, a top core, and a
separation region. The outer body may be rotatable about a longitudinal axis of the centrifuge
bowl and may have (1) a main body defining an interior cavity, (2) a neck portion extending
proximal to the main body, and (3) a shoulder connecting the main body and the neck
portion. The top core may be located within and rotatable with the outer body, may be
coaxial with the outer body, and may include a chimney extending through it along the
longitudinal axis of the centrifuge bowl. The separation region may be located between the
top core and the outer body, and rotation of the centrifuge bowl may separate the packed red
blood cells from the wash solution and supernatant.

[0012] The bowl may also include an inlet port, a first outlet port and a second outlet
port. The inlet port may be used to introduce the packed red blood cells and wash solution
into the centrifuge bowl. An inlet tube may fluidly connect to and extend distally from the
inlet port and through the chimney. The inlet tube may introduce the packed red blood cells
and wash solution into an introduction region. The first outlet port may be used to draw

washed red blood cells out of the centrifuge bowl, and an extraction tube may extend from
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the first outlet port to an extraction region. The second outlet port may be fluidly connected
to the separation region, and may allow wash solution and supernatant to exit the centrifuge
bowl.

[0013] In some embodiments, the bowl may include a bottom core located within and
rotatable with the outer body. The bottom core may be located between the bottom of the
outer body and the top core, and the extraction region may be located between the bottom
wall of the bottom core and the bottom of the outer body. The extraction region may fluidly
connect the extraction tube and the separation region. The extraction tube may extend
through the bottom core. The bowl may also have a seal member located between the
extraction tube and the bottom core that prevents leakage between them.

[0014] In other embodiments, the bottom core may have a proximally extending wall
that extends from the bottom wall. The proximally extending wall may be radially outward
from at least a portion of the top core. The centrifuge bowl may have a primary separation
region defined by the proximally extending wall and at least a portion of the top core. The
primary separation region may be fluidly connected to the separation region. The centrifuge
bowl may further include a fluid pathway fluidly connecting the inlet tube and the primary
separation region. The fluid pathway may extend between a bottom wall of the top core and
the bottom wall of the bottom core. The extraction region may be located between the bottom
wall of the bottom core and a bottom of the outer body, and the extraction tube may extend
into the extraction region. The proximally extending wall may prevent separated wash
solution and supernatant from entering the extraction region. The washed red blood cell

pump may draw the washed red blood cells from the centrifuge bowl.

Brief Description of the Drawings

[0015] 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:

[0016] Figure 1 schematically shows a system for washing packed red blood cells
using a continuous flow separation device, in accordance with some embodiments of the

present invention.



WO 2017/223318 PCT/US2017/038761

[0017] Figure 2 schematically shows a cross-sectional view of a continuous flow
centrifuge bowl for use within the system shown in Figure 1, in accordance with illustrative
embodiments of the present invention.

[0018] Figure 3 schematically shows a cross-sectional view of the lower portion of
the centrifuge bowl shown in Figure 2 with an alternative bottom core, in accordance with
illustrative embodiments of the present invention.

[0019] Figure 4 schematically shows a cross-sectional view of a bypass seal within
the centrifuge bowl shown in Figure 2, in accordance with illustrative embodiments of the
present invention.

[0020] Figure 5 schematically shows a cross-sectional view of the top portion of the
centrifuge bowl shown in Figure 2, in accordance with illustrative embodiments of the
present invention.

[0021] Figure 6 is a flowchart depicting a method of washing packed red blood cells
using the system shown in Figure 1, in accordance with various embodiments of the present
invention.

[0022] Figures 7A and 7B schematically show the system shown in Figure 1 at
various stages of the method shown in Figure 6, in accordance with some embodiments of

the present invention.

Detailed Description of Specific Embodiments

[0023] Fig. 1 schematically shows a system 10 for washing packed red blood cells in
accordance with various embodiments of the present invention. The system 10 includes a
blood processing device having a blood component separation device 100 (e.g., a continuous
flow separation device such as that described within U.S. Application no. 14/072,220,
incorporated herein by reference) with a processing chamber in which packed red blood cells
may be separated from wash solution and supernatant (discussed in greater detail below). To
facilitate the introduction of red blood cells into the separation device 100, the system 10
includes a red blood cell line 20 that is connected to a red blood cell container 22 (e.g., a unit
of packed red blood cells) containing a volume of packed red blood cells. Similarly, to
facilitate the introduction of wash solution (e.g., saline) into the separation device 100, the

system 10 may include a wash solution line 30 that is connected to a wash solution container
6



WO 2017/223318 PCT/US2017/038761

32 containing a volume of wash solution/saline. Both the red blood cell line 22 and the wash
solution line 32 are fluidly connected to the inlet 190 (Fig. 2) of the separation device 100,
for example, via an inlet line 40.

[0024] To collect a red blood cell product from the separation device 100 after
processing/washing the packed red blood cells, the system 10 includes a washed red blood
cell line 50 that fluidly connects to a red blood cell outlet 220 of the separation device 100
and a red blood cell product container 52 in which the processed/washed red blood cells may
be collected. Additionally, the system 10 may include a waste line 60 that fluidly connects to
a waste outlet 230 on the separation device 100 and to a waste container 62 in which any
waste product (e.g., removed wash solution and/or supernatant) may be collected.

[0025] As discussed in greater detail below, the flow through the red blood cell line
20, the saline line 30, and the washed red blood cell line 50 may be controlled via a pump on
each of the lines 20/30/50. For example, the system 10 may include (1) a red blood cell pump
25 located on the red blood cell line 20 that draws the packed red blood cells from the red
blood cell container 22, (2) a wash solution pump 35 located on the wash solution line 30
that draws wash solution (e.g., saline) from the wash solution container 32, and (3) a washed
red blood cell pump 55 on the washed red blood cell line 50 that draws the washed red blood
cells from the separation device 100. The system controller may control the speed of each of
the pumps 25/35/55 to control the flow rate through each of the lines 20/30/50.

[0026] At various points, the system 10 may include valves that allow the user and/or
the system 10 (e.g., the controller within the system 10) to appropriately direct fluid through
the system 10. For example, the system 10 may include a valve V1 located on the red blood
cell line 20 to selectively prevent and allow packed red blood cells to flow through the red
blood cell line 20. Similarly, the system 10 may include a valve V7 on the waste line 60 to
selectively prevent and allow fluid flow through the waste line 60 (e.g., an into the waste
container 62). Additionally, although not shown, the system 10 may include a valve on the
saline line 30 to stop the flow of saline from the saline container 32 as needed.

[0027] To monitor the fluid exiting the blood component separation device 100 and
flowing into through the waste line 60, the system 10 may include a line sensor 64 located on
the waste line 60. For example, the line sensor 64 may be an optical sensor that consists of an

LED which emits light through fluid (e.g., saline and/or blood components) passing through
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the waste line 60 and a photo detector which receives the light after it passes through the
fluid. The amount of light received by the photo detector is correlated to the density of the
fluid passing through the line. For example, when wash solution is leaving the separation
device 100, the amount of light received by the photo detector will be greater than if red
blood cells are passing through the waste line 60 (e.g., the level of transmission is greater for
the wash solution as compared to red blood cells). The line sensor 64 may be in
communication with the system controller to allow the controller to adjust the speed of the
pumps 25/35/55. For example, if the line sensor 64 detects red blood cells within the waste
line 60, the controller may lower the speed of the packed red blood cell pump 25.

[0028] It should be noted that, in many applications, it is important to monitor the
pressures within the system 10 and lines 20/30/40/50/60 to ensure that the system 10 is
operating properly and the pressure within the system 10 is not too high or too low. To that
end, the system 10 may include pressure sensors on one or more of the lines 20/30/40/50/60
to measure the pressures at various points in the system 10. For example, the system 10 may
include a pressure sensor P1 on the washed red blood cell line 50 and/or a pressure sensor P2
on the waste line 60. These pressure sensors P1/P2 monitor the pressures within their
respective lines 50/60 to ensure that the pressures do not go above or below a threshold (e.g.,
which can indicate a problem with the procedure and/or system 10, such as a problem with
the integrity of the seal on the separation device 100). The pressure sensors P1/P2 may be in
communication with the controller such that, if the pressure drops below or goes above a
threshold, the controller may adjust the flow rates through the lines 20/30/40/50/60 (e.g., by
adjusting the pumps 25/35/55), and/or stop the procedure.

[0029] Fig. 2 schematically shows a cross-section of a continuous flow separation
device 100 (e.g., a centrifuge bowl 110), in accordance with some embodiments of the
present invention. The bowl 110 has an outer body 120 that defines the structure of the bowl
110 and an inner volume into which the packed red blood cells and wash solution may be
introduced for processing. The outer body 120, in turn, includes a main wall 122, a neck
portion 126, and shoulder portion 124 that connects the main wall 122 and the neck portion
126. As discussed in greater detail below, the bowl 110 is rotatable about an axis 130 in

order to separate the packed red blood cells from the wash solution and/or supernatant.
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[0030] Within the interior of the outer body 120, the bowl 110 can include a number
of cores that displace some of the volume within the outer body 120, create separation
regions in which the red blood cells separate from the wash solution and supernatant, and
create a number of fluid paths/channels within the bowl 110. For example, the bowl 110 may
include a top core 140 that fills a significant portion of the inner volume and may be frusto-
conical in shape. The top core 140 includes a top surface 144, a bottom wall 146, and a side
wall 142 that extends between the top surface 144 and the bottom wall 146. The side wall
142 may be spaced from the main wall 122 to create a separation region (e.g., a secondary
separation region 115) between the side wall 142 of the top core 140 and the main wall 122
of the outer body 120. Additionally, the top core 140 can have a chimney 148 extending
through the center from the top surface 144 to the bottom wall 146. The chimney 148 may
serve as a channel through which a number of tubes (e.g., an inlet tube and an extraction
tube) can pass.

[0031] The bowl 110 may also include a bottom core 160 (Fig. 3) located below the
top core 130 (e.g., distal to the top core 130). The bottom core 160 may include a bottom
circular wall 162 with an opening 166 extending through it (e.g., near the center of the
circular wall 162). The bottom core 160 may also have a vertical wall 164 that extends
upward (e.g., proximally) from the bottom circular wall 162. As shown in Figures 2 and 3,
the vertical wall 164 is located near the outer diameter of the bottom circular wall 162 and
may extend upwards such that it is radially outward from the side wall 142 of the top core
140. The annular space between the side wall 142 of the top core 140 and the vertical wall
164 creates a primary separation region 170 in which the red blood cells begin to separate
from the wash solution/supernatant (discussed in greater detail below). Although similar, it is
important to note that the bottom core 160 shown in Figure 3 is an alternative embodiment of
the bottom core 160 shown in Figure 2 (e.g., it is thinner than that shown in Figure 2).

[0032] As best shown within Figure 5, within the neck portion 126 of the outer body
120, the centrifuge bowl 110 can include a upper skirt 182 and a lower skirt 184 both
extending radially outward from the center of the bowl 110. Together, the upper skirt 182
and the lower skirt 184 can form an effluent skirt 180 through which waste (e.g., separated
wash solution and supernatant) can flow and exit the bowl 110 (e.g., via the waste outlet

230). To that end, the upper skirt 182 and the lower skirt 184 may be spaced from one
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another such that an effluent channel 186 is formed between the skirts 182/184. The exiting
waste can flow through the effluent channel 186 to reach the waste outlet 230.

[0033] In order to facilitate the transfer of fluids (e.g., packed red blood cells, wash
solution, washed red blood cells, and waste) in and out of the centrifuge bowl 110, the bowl
110 can have an inlet and one or more outlets. For example, the bowl 110 may include an
inlet 190 that may be used to introduce the packed red blood cells and wash solution into the
bowl 110. In many blood processing procedures, it is desirable to introduce the incoming
blood components (e.g., the packed red blood cells) into an area near the bottom of the bowl
110. To that end, some embodiments of the bowl 110 may also include an inlet tube 195 that
extends downward from the inlet 190, through the chimney 148 in the top core 140, and into
an introduction region 200 located between the top core 140 and the bottom core 160.
Additionally, the bottom core 160 (e.g., the circular wall 162) may be spaced from the
bottom 146 of the top core 140 to create a channel 205 extending from the introduction
region 200 to the primary separation region 170. The centrifugal force created by spinning
the bowl 110 may cause the packed red blood cells and wash solution entering the
introduction region 200 to flow through the channel 205 and into the primary separation
region 170.

[0034] It is important to note that problems can arise if the fluid introduced into the
bowl 110 (e.g., into the introduction region 200) flows back up into the chimney 148 (e.g.,
instead of traveling towards the outer diameter of the bowl 110 and into the separation
regions). For example, if this “bypass” occurs while the bowl 110 is being filled, some of the
fluid (e.g., packed red blood cells, wash solution, etc.) may flow up the chimney 148, and
into the region around the effluent skirt 180. This, in turn, may reduce the collection
efficiency of the system and/or negatively impact the quality of the final product (e.g., the
hematocrit of the washed red blood cells). In order to avoid this “bypass” and isolate the
introduction region 200 from the chimney 148 in the top core 130, the bowl 110 may include
a bypass seal 210 (Fig. 4) located between the outer diameter of the inlet tube 195 and the
inner diameter of the chimney 148. The bypass seal 210 can be a rotary seal to allow the top
core 130 (and the bowl 110) to rotate relative to the inlet tube 195 (which does not rotate

during bowl operation).
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[0035] In addition to the inlet 190, the bowl 110 can also include a washed red blood
cell outlet 220 and a waste outlet 230. As the name suggests, the washed red blood cell outlet
220 can be used to remove washed red blood cells from the bowl 110. Additionally, in a
manner similar to the inlet 190, the washed red blood cell outlet 220 may be fluidly
connected to a tube (e.g., an extraction tube 225) that extends downward from the washed
red blood cell outlet 220, through the chimney 148, through the opening 166 in the bottom
core 160 (e.g., within the bottom circular wall 162), and into a washed red blood cell
extraction region 240 located below the bottom bore 160 (e.g., between the bottom core 160
and the bottom of the bowl 110). To prevent leakage past the bottom core 160 (e.g., through
opening 166), the bowl 110 can also have a seal 222 (e.g., a rotary seal) between the
extraction tube 225 and the opening 166. As discussed in greater detail below, the washed
red blood cell pump 55 can draw the washed red blood cells out of the extraction region 240,
through the extraction tube 225 and out of the washed red blood cell outlet 220.

[0036] The waste outlet 230 may be used to remove the waste (e.g., the separated
wash solution and supernatant) from the bowl 110. To that end, the waste outlet 230 may be
fluidly connected to the effluent channel 186 through the effluent skirt 180. Therefore, when
the waste is pushed towards the neck portion 126 (e.g., as discussed in greater detail below),
the waste can flow through the effluent channel 186 and out of the waste outlet 230.

[0037] As best shown in Figures 2 and 5, the centrifuge bowl 110 may include a
rotary seal 250 that connects the ports (e.g., the inlet 190, washed red blood cell outlet port
220, and waste outlet port 230) to the outer body 120 of the bowl 110. The rotary seal 250
allows the bowl 110 (and the top core 140 and bottom core 160) to spin while the inlet 190,
washed red blood cell outlet 220, and waste outlet 230 remain stationary.

[0038] In order to reduce the pressure required to withdraw the washed red blood
cells, some embodiments of the bowl 110 can include a weir disk 260 (Figure 5) that extends
radially inward from the bottom of the neck portion 126 of the outer body 120. The weir disk
260 essentially creates a wall that forces any waste leaving the bowl 110 to a smaller
diameter defined by the inner diameter 262 of the opening 264 through the weir disk 260. By
reducing this diameter, the weir disk 260 reduces the pressure required to withdraw the

washed red blood cells from the bowl 110.
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[0039] As shown in Figure 5, the weir disk 260 creates a fluid channel 270 between
the weir disk 260 and the top surface 144 of the top core 140. As the bowl 110 fills with
fluid, the fluid (e.g., the waste) will flow through the fluid channel 270 between the weir disk
260 and the top surface 144 of the top core 140 until it reaches the opening 264 in the weir
disk 260. The fluid may then “roll over” the weir disk 260 (e.g., similar to the overflow of a
dam), and fill the region above the weir disk 260 (e.g., the neck portion 126 of the bowl 110)
until it comes in contact with the effluent skirt 180. The fluid (e.g., the separated wash
solution and/or supernatant) may then be pushed from the bowl 110 into the effluent channel
186 and into the waste outlet 230.

[0040] During processing (e.g., washing of the packed red blood cells) it may be
important to know not only how full the bowl 110 is but also the location of the washed red
blood cells and/or the volume of the washed red blood cells within the bowl 110. To that end,
some embodiments may include an optical system 280 located on the bowl 110. The optical
system 280 may include an LED (e.g., a red LED) that emits a beam (e.g., approximately 1-
2mm in diameter) that illuminates a small area of the shoulder 124 (or other portion of the
bowl 110). Additionally, the optical system 280 may also include an optical sensor that is
focused on the illuminated area of the bowl shoulder 280 (or other portion of the bowl 110)
and determines the location of the red blood cells within the bowl 110 (e.g., based on a signal
level received back at the sensor).

[0041] Figure 6 is a flowchart depicting a method 600 of washing packed red blood
cells in accordance with various embodiments of the present invention. Figures 7A and 7B
schematically show the system 10 at various stages of the method. First, the user may install
the disposable set shown in Figure 1 into the system 100 (Step 605), for example, by
installing the separation device 100 and running the lines 20/30/40/50/60 through their
respective valves V1/V7 and pumps 25/35/55. Once the disposable set is installed, the user
may then connect the red blood cell line 20 to the packed red blood cell container 22 (Step
610) and connect the wash solution line 30 to the wash solution container 32 (step 615).

[0042] After the disposable set is installed and the red blood cell line 20 and wash
solution line 30 are connected, the system 10/method 600 may then start rotating the
centrifuge 110. The speed at which the system 10/method 600 rotates the separation device

100 (e.g., bowl 110) may depend on a number of factors including, for example, the volume
12
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of packed red blood cells to be washed, the hematocrit of the packed red blood cells, etc.
However, in some embodiments, the system 10/method 600 may rotate the separation device
100 at speeds between 3500 and 5000 revolutions per minute (e.g., 4000 RPM). Once the
bowl 110 is up to speed, the system 10 (e.g., the controller) may activate the red blood cell
pump 25 (Step 625) to start drawing packed red blood cells from the red blood cell container
32 and activate the wash solution pump 35 (Step 630) to start drawing wash solution from
the wash solution container 32 (Fig. 7A).

[0043] As mentioned above, both the red blood cell line 20 and the wash solution line
30 are connected to the inlet line 40 (which, in turn, is connected to the inlet 190 of the bowl
110). To that end, as the packed red blood cells and the wash solution reach the inlet line 40
(and prior to entering the bowl 110), they will mix together and the wash solution will dilute
the packed red blood cells prior to entering the bowl 110. This dilution and mixing as the
packed red blood cells enter the inlet line 40 allows the wash solution to essentially get
between the packed red blood cells and begin to wash out the supernatant and/or any storage
solution contained within the packed red blood cells.

[0044] It is important to note that the flow rates at which the packed red blood cells
and wash solution are drawn from their respective containers 22/32 (and the ratio between
the flow rates) and introduced into the bowl 110 impact the level of washing of the packed
red blood cells (e.g., how much supernatant is washed out of the red blood cells). To that
end, some embodiments utilize a packed red blood cell to wash solution flow rate ratio of
between 1:2 and 1:5 (e.g., 1:3). For example, the flow rate for the packed red blood cells may
be between 10 and 30 ml/min (e.g., 20 ml/min) and the flow rate for the wash solution may
be between 20 and 150 ml/min (e.g., 60 ml/min).

[0045] As the packed red blood cell/wash solution mixture (e.g., the diluted packed
red blood cells) enters the bowl 110 through the inlet 190, it will flow down the inlet tube
195 and into the introduction region 200. Once in the introduction region 200, the centrifugal
forces from the spinning of the bowl 110 will cause the packed red blood cell/wash solution
mixture to flow through the channel 205 between the top core 140 and bottom core 160 and
into the primary separation region 170 (e.g., between the side wall 142 of the top core 140
and the proximally extending wall 164 of the bottom core), where separation of the packed

red blood cells from the wash solution and supernatant begins.
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[0046] As additional packed red blood cell/wash solution mixture is introduced into
the bowl 110, the packed red blood cell/wash solution mixture will flow into the secondary
separation region 115 where the packed red blood cell/wash solution mixture continues to
separate. For example, as the packed red blood cell/wash solution mixture enters the
secondary separation region 115 of the bowl 110, the centrifugal forces cause the heavier
cellular components (e.g., the red blood cells) of the mixture to sediment from the lighter
wash solution and supernatant. As the bowl 110 continues to fill with the packed red blood
cell/wash solution mixture, the red blood cells will continue to sediment to the outermost
diameter, flow over the proximally extending wall 164 on the bottom core 160, and begin to
fill the area between the bottom core 160 and the bottom of the bowl 110. As additional
washed red blood cells collect, they will begin to pack, increasing the hematocrit of the final
product. Additionally, the wash solution and supernatant (e.g., the waste) will move inward
towards the center of the bowl 110. When the bowl 110 is full, the separated wash
solution/supernatant will flow through the fluid channel 270 between the weir disk 260 and
the top surface 144 of the top core 140, over the weir disk 260, and will exit the bowl 110 via
the effluent channel 186 and the waste outlet 230. The waste will then flow through the
waste line 60 and into the waste container 62.

[0047] As mentioned above, the bowl 110 is a continuous flow bowl that allows the
continuous washing of the packed red blood cells without the need to intermittently stop. To
that end, various embodiments of the present invention also extract washed red blood cells
from the bowl 110 as additional packed red blood cell/wash solution mixture is introduced.
For example, the system/method may monitor the volume of washed red blood cells
collected under the bottom core 160 (e.g., in the extraction region 240) (Step 635), and when
a sufficient volume of washed red blood cells has been pumped into the separation
device/bowl 110 (e.g., between 80 and 120 mL, for example, 100 mL), the washed red blood
cell pump 55 can begin drawing the washed red blood cells up the extraction tube 225 and
out of the washed red blood cell outlet 220 (Step 640, Fig. 7B). As the washed red blood
cells leave the bowl 110, they will pass through line 50 and into the washed red blood cell
container 52.

[0048] To ensure that the washed red blood cell pump 55 does not draw the washed

red blood cells too quickly and ensure that waste solution is not accidentally drawn out of the
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bowl 110 through the washed red blood cell outlet 220, the system 10/method 600 may
continue to monitor the volume of washed red blood cells collected within the bowl and
adjust the speed of the washed red blood cell pump 55 accordingly. For example, the speed
of the washed red blood cell pump may range between 10 and 50 mL/min. In some
embodiments, the speed of the washed red blood cell pump 55 may be equal to the speed of
the red blood cell pump 25 (e.g., 20 ml/min). However, if the system/method detects that the
volume of washed red blood cells within the bowl 110 is too low and there is a risk that
waste may be drawn up with the washed red blood cells, the controller can reduce the speed
of the washed red blood cell pump 55.

[0049] During this time, the system 10 (or the user) can monitor (e.g., using a weight
sensor, volume sensor, and/or load cell) the volume of packed red blood cells remaining
within the packed red blood cell container 22 (Step 645) and, when the packed red blood cell
container 22 is empty, the system 10/method 600 may stop the packed red blood cell pump
25 (Step 650). Additionally, to maintain some flow of liquid into the bowl 110, the system
10/method 600 may reduce the speed of the wash solution pump 35 (Step 655). For example,
the system 10/method 600 may reduce the speed of the wash solution pump 35 to between 10
and 40 ml/min (e.g., 20 ml) to prevent the bowl 110 (e.g., the rotary seal 250) from
overheating.

[0050] Once all of the red blood cells have been collected from the bowl 110 (Step
660), the system 10/method 600 may stop the washed red blood cell pump 55 (e.g., to stop
drawing washed red blood cells from the bowl 110) (Step 665), stop the wash solution pump
35 (Step 670) to stop the flow of wash solution into the bowl 110, and stop the rotation of the
bowl 110 (Step 675). Once the pumps 25/35 and bowl 110 are stopped, the user may isolate
(e.g., by heat sealing line 50) the washed red blood cell container 52 from the rest of the
system 10 (Step 680) and remove the container 52 for use and/or further processing. The user
may then dispose of the rest of the disposable set (e.g., the remaining lines and the bowl
110)(Step 685). It should be noted that, because any wash solution and supernatant
remaining in the bowl is waste and will be discarded, there is no need to transfer the wash
solution/supernatant to the waste container 62. Rather, the wash solution/supernatant can be

disposed of with the bowl 110.
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[0051] It should be noted that the various embodiments described above are able to
efficiently wash-out the supernatant contained within the packed red blood cells and obtain a
washed red blood cell product with a high hematocrit level. In particular, systems and
method in accordance with the embodiments described above are able to achieve a wash-out
of approximately 97% (e.g., 97% of the supernatant is successfully washed out of the packed
red blood cells) and a final product hematocrit of greater than 76%. Also, because the
systems and methods described are continuous, they are able to wash a wide range of starting
packed red blood cell volumes.

[0052] It is also important to note that, although the above described system and
methods utilize a centrifuge bowl for washing the packed red blood cells, some embodiments
of the present invention can be used with different separation devices. For example, the
methods described above may be used with “belt” type separation devices such as the Cobe®
Spectra system or Cobe® 2991 Cell Processor by Terumo BCT.

[0053] 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 continuously washing packed red blood cells comprising:

(a) connecting a wash solution container to a wash solution line, the wash solution
line fluidly connecting the wash solution container and an inlet line of a blood component
separation device;

(b) connecting a red blood cell container to a red blood cell line, the red blood cell
line fluidly connecting the red blood cell container and the inlet line of the blood component
separation device, the red blood cell container containing a volume of packed red blood cells;

(c) transferring, at a first flow rate, packed red blood cells from the red blood cell
container to the blood component separation device;

(d) transferring, at the same time as step (c), wash solution from the wash solution
container to the blood component separation device, the wash solution being transferred at a
second flow rate that is greater than the first flow rate, the wash solution mixing with the
packed red blood cells in the inlet line, thereby diluting and washing the packed red blood
cells, the blood component separation device separating washed red blood cells from the
wash solution and a supernatant;

(e) monitoring a volume of washed red blood cells collected within the blood
component separation device;

(f) drawing washed red blood cells from the blood component separation device and
into a red blood cell product container when a target volume of red blood cells is collected
within the blood component separation device;

(g) monitoring a volume of packed red blood cells remaining within the red blood cell
container; and

(h) stopping, when the red blood cell container is empty, the transfer of packed red
blood cells and reducing the transfer of wash solution from the second flow rate to a third

flow rate.

2. A method according to claim 1, wherein transferring packed red blood cells to the blood
component separation device includes pumping, with a red blood cell pump, the packed red

blood cells into the blood component separation device.
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3. A method according to claim 2, further comprising:

(1) stopping the red blood cell pump when the red blood cell container is empty.

4. A method according to claim 1, wherein transferring wash solution to the blood
component separation device includes pumping, with a wash solution pump, the wash

solution into the blood component separation device.

5. A method according to claim 4, further comprising:
(1) stopping the wash solution pump when all washed red blood cells have been

drawn from the blood component separation device.

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

(1) monitoring the volume of washed red blood cells within the blood component
separation device; and

(j) stopping the drawing of washed red blood cells from the blood component
separation device when no washed red blood cells remain within the blood component

separation device.

7. A method according to claim 6, further comprising:

(k) 1solating the red blood cell product container after step (j).

8. A method according to claim 6, further comprising:
(k) stopping the wash solution pump after step (j) to stop transferring wash solution to

the blood component separation device.

9. A method according to claim 6, further comprising:

(k) stopping the centrifuge after step (j).

10. A method according to claim 1, wherein a ratio of the first flow rate to the second flow

rate is between 1:2 and 1:5.
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11 A method according to claim 10, wherein the ratio of the first flow rate to the second flow

rateis 1:3.

12. A method according to claim 1, wherein the first flow rate is between 10 and 30

milliliters per minute.

13. A method according to claim 12, wherein the first flow rate is 20 milliliters per minute.

14. A method according to claim 1, wherein the second flow rate is between 20 and 150

milliliters per minute.

15. A method according to claim 14, wherein the second flow rate is 60 milliliters per

minute.

16. A method according to claim 1, wherein the third flow rate is between 10 and 40

milliliters per minute.

17. A method according to claim 16, wherein the third flow rate is 20 milliliters per minute.

18. A method according to claim 1, wherein the target volume of washed red blood cells is

between 50 and 150 milliliters.

19. A method according to claim 18, wherein the target volume of washed red blood cells is

100 milliliters.

20. A method according to claim 1, wherein the blood component separation device is a

centrifuge bowl.

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

19
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22. A system for continuous washing of packed red blood cells comprising:

a blood component separation device configured to separate packed red blood cells
from a wash solution and a supernatant, the blood component separation device having an
inlet, a red blood cell outlet, and a waste outlet;

an inlet line fluidly connected to the inlet of the blood component separation device,
the inlet line configured to allow dilution of the packed red blood cells with wash solution
prior to entering the blood component separation device;

a red blood cell line fluidly connected to the inlet line and configured to connect to a
packed red blood cell container, the flow through the red blood cell line being controlled by a
red blood cell pump;

a wash solution line fluidly connected to the inlet line and configured to connect to a
wash solution container, the flow through the wash solution line being controlled by a wash
solution pump;

a washed red blood cell line fluidly connected to the red blood cell outlet of the blood
component separation device and a red blood cell product container, the flow through the
washed red blood cell line being controlled by a washed red blood cell pump; and

a waste line fluidly connected to the waste outlet of the blood component separation

device and a waste container.

23. A system according to claim 22, further comprising:
a controller configured to control the operation of the red blood cell pump, the wash

solution pump and the washed red blood cell pump to control fluid flow through the system.
24. A system according to claim 22, further comprising a pressure sensor located on the
washed red blood cell line, the pressure sensor configured to measure a pressure within the

washed red blood cell line.

25. A system according to claim 22, further comprising a line sensor located on the waste

line, the line sensor configured to monitor a fluid passing through the waste line.
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26. A system according to claim 22, wherein the blood component separation device is a

centrifuge bowl.

27. A system according to claim 26, wherein the centrifuge bowl includes

an outer body rotatable about a longitudinal axis of the centrifuge bowl, the outer
body having a main body defining an interior cavity, a neck portion extending proximal to
the main body, and a shoulder connecting the main body and the neck portion;

a top core located within and rotatable with the outer body, the top core being coaxial
with the outer body and including a chimney extending through the top core along the
longitudinal axis of the centrifuge bowl;

a separation region located between the top core and the outer body, rotation of the
centrifuge bowl separating the packed red blood cells from the wash solution and
supernatant;

an inlet port for introducing packed red blood cells and wash solution into the
centrifuge bowl;

an inlet tube fluidly connected to and extending distally from the inlet port and
through the chimney, the inlet tube configured to introduce the packed red blood cells and
wash solution into an introduction region,;

a first outlet port for drawing a washed red blood cells out of the centrifuge bowl;

an extraction tube extending from the first outlet port to an extraction region; and

a second outlet port fluidly connected to the separation region, the second outlet port

configured to allow wash solution and supernatant to exit the centrifuge bowl.

28. A system according to claim 27, wherein the centrifuge bowl further includes a bottom
core located within and rotatable with the outer body, the bottom core located between a
bottom of the outer body and the top core, the extraction region located between a bottom
wall of the bottom core and the bottom of the outer body, the extraction region fluidly

connecting the extraction tube and the separation region.

29. A system according to claim 28, wherein the extraction tube extends through the bottom

core.
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30. A system according to claim 29, wherein the centrifuge bowl further includes a seal
member located between the extraction tube and the bottom core, the seal member

preventing leakage between the extraction tube and the bottom core.

31. A system according to claim 28, wherein the bottom core includes a proximally
extending wall extending from the bottom wall, the proximally extending wall being radially

outward from at least a portion of the top core.

32. A system according to claim 31, wherein the centrifuge bowl further includes a primary
separation region defined by the proximally extending wall and at least a portion of the top

core.

33. A system according to claim 32, wherein the primary separation region is fluidly

connected to the separation region.

34. A system according to claim 32, wherein the centrifuge bowl further includes a fluid

pathway fluidly connecting the inlet tube and the primary separation region.

35. A system according to claim 34, wherein the fluid pathway extends between a bottom

wall of the top core and the bottom wall of the bottom core.

36. A system according to claim 31, wherein the extraction region is located between the
bottom wall of the bottom core and a bottom of the outer body, the extraction tube extending

into the extraction region.

37. A system according to claim 31, wherein the proximally extending wall prevents

separated wash solution and supernatant from entering the extraction region.

38. A system according to claim 22, wherein the washed red blood cell pump is configured to

draw washed red blood cells from the centrifuge bowl.
22
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Special Technical Features:

Group | requires connecting the wash solution container to a wash solution line; connecting the red blood cell container to a red blood
cell line; transferring, at a first flow rate, packed red blood cells from the red blood cell container to the blood component separation
device; transferring, at the same time as step wash solution from the wash solution container to the blood component separation device,
the wash solution being transferred at a second flow rate that is greater than the first flow rate; monitoring a volume of washed red blood
cells collected within the blood component separation device; drawing washed red blood cells from the blood component separation
device and into a red blood cell product container when a target volume of red blood cells is collected within the blood component
separation device; monitoring a volume of packed red blood cells remaining within the red blood cell container; and stopping, when the
red blood cell container is empty, the transfer of packed red blood cells and reducing the transfer of wash solution from the second flow
rate to a third flow rate, not required by group .

Group |l requires the blood component separation device having an inlet, a red blood cell outlet, and a waste outlet; the inlet line fluidly
connected to the inlet of the blood component separation device; a red blood cell line fluidly connected to the inlet line and configured to
connect to a packed red blood celi container, the flow through the red blood cell line being controlfied by a red biood cell pump; a wash
solution line fluidly connected to the inlet line and configured to connect to a wash solution container, the flow through the wash solution
line being controlled by a wash solution pump; a washed red blood cell line fluidly connected to the red blood cell outlet of the blood
component separation device and a red blood cell product container, the flow through the washed red blood cell line being controlled by
a washed red blood cell pump; and a waste line fluidly connected to the waste outlet of the blood component separation device and a
waste container, not required by group |.

Common Technical Features:

Groups | and |l share the technical continuously washing packed red blood cells; a blood component separation device to separate red
blood cells from a wash solution and a supernatant; a red blood cell line fluidly connected to the inlet line and configured to connect to a
packed red blood cell container; a wash solution line fluidly connected to the inlet line and configured to connect to a wash solution
container; an inlet line of the blood component separation device to dilute packed red blood cells; washed red blood cell
going/connected to a red blood cell product container

However, these shared techriical features do not represent a contribution over prior art, because the shared technical feature is being
obvious over US 2015/0273132 A1 to Haemonetics Corporation (hereinafter Haemonetics), in view of CA 2,840,901 A1 to New Health
Sciences, Inc. (hereinafter New Health). Haemonetics teaches continuously washing red blood cells (abstract; para [0067]; figure 1; A
continuous flow separation device. The system 100 may wash the red blood cells to remove proteins within the red blood cells.);

a blood component separation device to separate red blood ceils from a wash solution and a supernatant (para [0067], (0047]; figures 1
and 3; The system 100 may wash the red blood cells to remove proteins (supernatant) within the red blood cells. The system 100 may
energize pump P2 to draw additive solution (wash solution) from container 65 through valve V7, line 71, filter F5, connector 58, and line
60 and into the bowl 120 (e.g., through inlet port PT1). As additional additive solution enters the bowl 120 (e.g., when the bowl 120 is
spinning), the wash solution/protein mixture will be displaced from the bowl 120 through the outlet port PT2 and will be sent to the waste
container 22 (e.g., through line 36, connector 72, valve V3, and line 33). Once the wash step is completed, the system 100 may then
transfer the washed red blood cells within the separation device to the RBC storage container 50.); a blood line fluidly connected to the
inlet line and configured to connect to a blood container (para [0048), [0067]; figures 1 and 3; The input port PT1 of the centrifuge bowl
120 is in fluid communication with a venous access device 24 (e.g., a phlebotomy needle) via a tubes 28, 56 and 60, and Y-connectors
30, 54 and 58 when a valve V1 is open. The venous access device 24 may be replaced with a whole blood bag (not shown) in case the
whole blood is to be first pooled and then supplied (or otherwise collected/stored prior to processing. Further, the system 100 may wash
the red blood cells to remove proteins within the red blood cells. Hence, element 24 can be the blood container here. The blood line
would be tube 28 here. Further, here, the inlet line would be connector 58 or tube 60, or a combination of both elements 58 and 60.); an
inlet line of the blood component separation device to dilute red blood cells (para [0048], [0067], [0065); figures 1 and 3; Here, the inlet
line of the blood component separation device would be connector 58 or tube 60, or a combination of both elements 58 and 60. The
additive solution (wash solution) may be mixed with the red blood cells being transferred at connector 58; and hence diluting the red
blood cells.); washed red blood cell going/connected to a red blood cell product container (para [0067]; figures 1 and 3; Once the wash
step is completed, the system 100 may then transfer the washed red blood cells within the separation device to the RBC storage
container 50 (red blood cell product container).). However, Haemonetics does not teach that the blood is packed red cell blood. New
Heaith, on the other hand, teaches that the blood is packed red cell blood (claim 1; pg 5, In 19-25; separating RBCs (red blood celis)
from the whole blood, to form packed RBCs). Therefore, it would have been obvious to one ordinary skilled in the art to utilize packed
red blood cells, as taught by New Health; with continuously washing red blood cells, as taught by Haemonetics; because packed RBCs
are suitable for transfusion following the removal of the supernatant with a single washing step (New Health; pg 4, In 5-6).

As the shared technical features were known in the art at the time of the invention, they cannot be considered common technical
features that would otherwise unify the groups. Therefore, Groups I-Hl lack unity under PCT Rule 13.
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