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(57) ABSTRACT 

Systems and methods are provided for automatically adjust· 
ing the operational parameters of a blood separation proce­
dure. A blood separation device has an inlet for passing fluid 
thereinto and an outlet for removing fluid therefrom. A pump 
system is provided for moving fluid into and out of the device. 
In use, blood is conveyed into tbe device, where platelets are 
separated from at least a portion of the blood. A controller 
determines the amount of platelets in the device. Based at 
least in part on the amount of platelets in the device, corrective 
action is taken to avoid platelet aggregation in the device. TI1e 
corrective action may be conveying an elevated amount of 
anticoagulant into the blood and/or the device and may be 
initiated when the determined amount of platelets 
approaches, meets, or exceeds a threshold predicted likeli­
hood of platelet aggregation. 
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SYSTEM AND METHOD FOR ADJUSTMENT 
OF BLOOD SEPAR-HION PROCEDURE 

PARAMETERS 

I 0001] Tb.is application claims priority from and the benefit 
of U.S. provisional patent application Ser. No. 61/432,002, 
filed Jan. 12, 201 I, which is hereby incorporated herein by 
reference. 

BACKGROUND 

[0002] I. Field ofrhe Disclosure 
(0003] The present subject matter relates to systems and 
methods for processing and collecting blood, blood constitu­
ents, or other suspensions of cellular material. More particu­
larly, the present subject matter relates to automatic control 
and adjustment of blood separation procedure parameters 
during processing. 
(0004] 2. Description of Related Art 
(0005] Today it is routi11e to separate whole blood, usually 
by centrifugation, into its various therapeutic components, 
such as red blood celJs, platelets, and plasma. 
(0006] Conventional blood processing methods use 
durable centrifoge equipment in association with single use, 
sterile fluid circuits or processing systems, typically made of 
plastic. Tue operator installs a fresh, sterile disposable system 
in the centrifuge before processing and removes it afterwards 
and discards it. 
(0007) With a disposable system loaded onto the centrifuge 
( or just prior to or during loading) the operator typically 
enters, for example, by means of a touch screen or other user 
interface system, a particular processing protocol to be 
executed by the system (e.g., a procedure wherein platelets 
are separated from whole blood and collected) and other 
parameters (e.g., the weight of the donor, the desired volume 
of separated blood component to be collected, etc.). When the 
system has been programmed, the operator phlebotomizes a 
donor and the system carries out the procedure, under the 
supervision of the operator. 
(0008] During processing, events may occur that compro­
mise the procedure or the quality of the separated and col­
lected blood component(s ). One common occurrence is plate­
let aggregation where, during platelet collection procedures, 
platelets begin to stick to each other and become aggregated 
in the centrifuge. Kno\vn systems and protocols are not 
adequately suited to diagnose and counteract or preemptively 
avoid such platelet aggregation. Some systems allow for 
operator intervention, but it can be difficult for an operator to 
diagnose and/or predict platelet aggregation and, even when 
the operator can do so, it may still be difficult to properly 
adjust the process parameters so as to avoid platelet aggrega­
tion. Tue need therefore exists for automated blood process­
ing controllers that can automatically prevent platelet aggre­
gation, without the need for operator intervention. 

SUMMARY 

(0009] There are several aspects of the. present subject mat­
ter which may be embodied separately or together in the 
devices and systems described and claimed below. These 
aspects may be employed alone or in combination \vith other 
aspects of the subject matter described herein, and the 
description of these aspects together is not intended to pre-
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elude the use of these aspects separately or the claiming of 
such aspects separately as set forth in the claims appended 
hereto. 
(001 OJ In one aspect, a blood processing method comprises 
conveying blood into a blood separation device and determin­
ing the amount of platelets in the blood and/or in the device. 
The likelihood.of platelet aggregation in the blood. separation 
device is predicted based at least in part on the determined 
amount of platelets. If the predicted likelihood of platelet 
aggregation approaches, meets, or exceeds a predetermined 
value, an operational parameter may be adjusted. 
(0011] In another aspect, a blood separation system com­
prises a device adapted for separating a blood component 
from blood. The device includes an inlet for passing fluid 
thereinto and an outlet for removing fluid therefrom. The 
system further includes a prnnp system for moving fluid 
through the system, and a controller. The controller is con­
figured, e.g. progra=ed, to actuate the pun1p system to 
convey blood into the device. The controller detennines the 
amount of platelets in the blood and/or in the device and 
predicts the likelihood of platelet aggregation based at least in 
part on the determined amount of platelets. If the predicted 
likelihood of plate let aggregation in the devices approaches, 
meets, or exceeds a predetermined value, the controller may 
adjust the operation of the pump system. 

BRIEF DESCRIPTION OF THE DRAVlINGS 

(0012) FIG. 1 is a perspective view of a processing device 
suitable for use with a blood or blood component processing 
system according to the present disclosure; 
(0013] FIG. 2 is a schematic view of a disposable flow set 
suitable for use with the processing device shown in FIG. I ; 
[0014) FIG. 3 is a schematic view of a blood processing 
circuit defined by a cassette of the flow set of FIG. 2, which 
can be prograJ1lllled to perform a variety of different blood 
processing procedures in association with the device shown 
in FIG. I ; 
(0015) FIG. 4 is a top plan view of a blood processing 
chamber of the flow set shown in FIG. 2; 
(0016] FIG. 5 is a perspective view of the blood processing 
chamber of FIG. 4, with a portion thereof cut away for illus­
trative purposes; 
(0017] FIG. 6 is a top plan view of the blood processing 
chamber of PIG. 4, ilJustrating the relative positions of sepa­
rated blood components during an exemplary blood compo­
nent collection procedure; 
(0018) FIGS. 7A and 78 are schematic views of the blood 
processing circuitofFIG. 3, showing the progralllllling of the 
cassette to carry out different fluid flow tasks in connection 
with drawing whole blood from a blood source; 
(0019) FIG. 8 is a schematic view of the blood processing 
circuit of FIG. 3, showing the progralllllling of the cassett.e to 
carry out different fluid flow tasks in connection with sepa­
rating whole blood into constit11ent layers; 
(0020] FIGS. 9A and 9 8 are schematic views of the blood 
processing circuit of FIG. 3, showing the programming of the 
cassette to carry out different fluid flow tasks in connection 
with recombining the previously separated blood compo­
nents; 
(0021) FIGS. 10A and lOB are schematic views of the 
blood processing circuit of FIG. 3, showing the progranuning 
of the cassette to carry out different fluid flow tasks in con­
nection with re-separating the previously recombined blood 
components; 
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(0022] FIG. llA is a schematic view of the blood process­
ing circuitofFIG. 3, showingtheprogralllilling of the cassette 
to carry out different fluid flow tasks in connection with 
harvesting platelets using platelet poor plasma; 
[0023] FIG. 11B is a schematic view of the blood process­
ing circuitofFIG. 3, showing the progralllllling of the cassette 
to carry out different fluid flow tasks in connection with 
harvesting platelets using a (non-plasma) platelet storage 
solution; and 
(0024] FIG. 12 is a schematic view of the blood processing 
circuit of FIG. 3, showing the programming of the cassette to 
carry out different fluid flow tasks in com1ection with harvest­
ing red blood cells. 

DESCRIPTION OF THE ILLUSTRATED 
EMBODIMENTS 

(0025) The emboctiments disclosed herein are for the pur­
pose of providing a description of the present subject matter, 
and it is understood that the subject matter may be embodied 
in various other forms and combinations not shown in detail. 
Therefore, specific designs and features disclosed herein are 
not to be interpreted as limiting the subject matter as defined 
in the accompanying claims. 
[0026) The present subject matter is described below, for 
purposes of illustration only and not limitation, in terms of 
how it could be incorporated into a device of the type mar­
keted as the ALYX® blood processing systems by Fenwal, 
Inc. of Lake Zurich, 111., which is described in greater detail in 
U.S. Pat. Nos. 6,348,156; 6,875,191; 7,011,761; 7,087,177; 
and 7,297,272 and U.S. Patent Application Publication No. 
2005/0137516, all of which are hereby incorporated herein by 
reference. However, the present subject matter is not limited 
to a particular blood processing system and is also applicable 
to other blood separation systems such as the AMICUS® 
blood processing systems marketed by Fenwal, Inc. (as 
described in greater detail in U.S. Pat. No. 5,868,696, which 
is hereby incorporated herein by reference) and the Spectra 
and TRIMA® systems marketed by CaridianBCT, and the 
MCS® 9000 system marketed by Haemonetics Corporation. 
[0027] FIGS. 1 and 2 show components of a fluid process­
ing systern that ernbodies various aspects of the present sub­
ject matter. The system can be used for processing various 
fluids. The system is particularly weJJ suited for processing 
whole blood and other suspensions of biological cellular 
materials and will be described in this context. 
(0028] Generally speaking, the system includes three prin­
cipal components. These are a blood processing device 14 
(FIG. 1), a disposable liquid and blood flow set 12 (FIG. 2) , 
and a controller 16 (FIG. 1) that governs the interaction 
between the flow set 12 and the blood processing device 14 to 
perform a blood processing and collection procedure selected 
by the operator. 

I. The Durable Blood Processing Apparatus 

(0029] The blood processing device 14 and controller 16 
are intended to be durable items capable oflong term use. In 
the illustrated embodiment, the blood processing device 14 
and controller 16 are mounted inside a portable housing or 
case 18 (FIG. 1). TI1e case 18 presents a compact footprint, 
suited for set up and operation upon a table top or other 
relatively small surface. The case 18 is also intended to be 
transported easily to a collection site. 
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[0030] The case 18 includes a base 20 and a hinged lid 22, 
which opens (as FIG. 1 shows) and closes. The lid 22 may 
include a latch 24 for releasably locking the lid 22 closed and 
a handle 26, which the operator can grasp for transporting the 
case 18 when the lid 22 is closed. ln use, the base 20 is 
intended to rest on a generally horizontal support surface. 

II. TI1e Disposable Blood Processing Apparatus 

[0031] As for the fluid circuit or flow set 12 (FIG. 2), it is 
intended to be a sterile, single use, disposable item. Before 
beginning a given blood processing and collection procedure, 
the operator loads various components of the flow set 12 in the 
case 18 in association with the device 14. The controller 16 
.implements the procedure based upon preset protocols, tak­
ing into account other input from the operator. Upon com­
pleting the procedure, the operator removes the flow set 12 
from association with the device 14. The portions of the set 12 
holcting the colJected blood component or components (e.g., 
collection containers or bags ) are removed from the case 18 
and retained for storage, transfosion, or further processing. 
The remainder of the set 12 is removed from the case 18 and 
discarded. 

A. The Cassette 

(0032] The various components of the set 12 are connected 
by flexible ti.1bing to the ports of a fluid pressure-actuated 
cassette 28. The cassette 28 provides a centralized, program­
mable, integrated platform for alJ the pumping and valving 
functions required for a given blood processing procedure. In 
use, the cassette 28 is mounted to a ptunp and valve station 30 
of the device 14. The pump and valve station 30 applies 
positive and negative pneumatic pressure to the cassette 28 to 
control and direct liquid flow therethrough. 
[0033] The cassette 28 has an array of interior cavities 
formed on both its front and back sides. Toe interior cavities 
define the pumps, valve stations, and flow paths shown sche­
mat.ica1ly in FIG. 3. The illustrated cassette 28 defines five 
pump stations PUI to PUS. Toe first pump PUl is an in­
process pump, the second pump PU2 is a plasma pump, the 
third and fourth pumps PU3 and PU4 are donor pumps, and 
the 61th pmnp PUS is an anticoagulant plllllp. The cassette 28 
further defines in-line valves VALl to VAL26. which may be 
opened or closed to direct fluid through the cassette 28, via the 
interconnecting flow paths. All additional interior cavity 32 
may be provided on the back side of the cassette 28 to form a 
station that holds a filter material for removing clots and 
cellular aggregations that can form during blood processing. 
(0034] Flexible diaphragms overlie the front and back sides 
of the cassette 28 and localized applications of positive and 
negative fluid pressures upon the regions of the diaphragm 
overlaying the pump and valve stations serves to actuate 
them. These localized applications of positive and negative 
fluid pressures on the diaphragm regions overlaying the pump 
stations serve to expel liquid out of the pmnp stations (with 
application of positive pressure) and draw liquid into the 
pump stations (with application of negative pressure). Like­
wise, localized applications of positive and negative fluid 
pressure on the diaphragm regions overlaying the valves will 
serve to close and open them, respectively. 
[0035] TI1e cassette 28 includes a plurality of pre-molded 
ports POI to P014 which extend out along two side edges of 
the cassette body. The cassette 28 is vertically mounted for 
use in the pump and valve station 30. Toe pump and valve 
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station 30 has a door 40 that is hinged to move between an 
open position (FIG. 1) in which the cassette 28 may be loaded 
and unloaded, and a closed position in which the cassel1e 28 
is retained within the pump and valve station 30 during a 
blood separation procedure. The operation of the pump and 
valve station 30 to control fluid flow through the cassette 28 
can be understood with reference to U.S. Patent Application 
Publication No. 2009/0215602, which is hereby incorporated 
herein by reference. 
(0036] The cassette 28 is mounted in the pump and valve 
station 30 with the ports PO8 to PO14 facing downward and 
the ports POI to PO7 vertically stacked one above the other 
and facing laterally. The ports PO8 to PO14, by facing down­
ward, are oriented with container support trays 42 formed in 
the base 20. The ports POI to PO7, facing laterally, are 
oriented toward a centrifuge station 44 of the device 14. This 
ordered orientation of the ports provides a centralized, com­
pact unit aligned with the operative regions of the case 18. 
(0037] The individual ports POI to PO14 are connected to 
the other components of the set 12 by flexible tubing. In 
particular, the set 12 showu in FIG. 2 includes a vascular 
access member 46. such as a needle. an anticoagulant con­
tainer 48, a red blood cell additive solution container 50, and 
a saline container 52. The disposable flow set 12 further 
includes ntbing 54 leading to a collilection device 56 (e.g., a 
spike in FIG. 2) for connection to a platelet storage solution 
container (notiJlustrated), if non-plasma platelet storage fluid 
is to be used. The ilJustrated tubing 54 includes an in-line 
sterility filter 58 of the type employed in a sub-micron filter, 
such as a 0.22 µm pore membrane filter, to prevent the passage 
ofvirnses or larger microbes, thereby preventing contamina­
tion and maintaining an effectively closed system. The dis­
posable set 12 also includes a platelet collection container 60, 
a plasma collection container 62, aud a red blood cell colJec­
tion container 64 for co!Jecting the blood components that are 
separated by a blood processing chamber 66 of the disposable 
set J 2. The platelet coJJection container 60 is illustrated with 
an associated in-line leukoreduction filter 68, a gas exhaust or 
air burp bag 70 for removing an amount of gas from the 
collected platelets, and a sampling pack 72 for segregating au 
amount of the separated platelets for subsequent testing and/ 
or tracking purposes according to known practice. A red 
blood cell storage contai11er 74, including segmented tubing 
76 (for segregating an amount of the separated red blood cells 
for subsequent testing and/or tracking purposes) aud an in­
line leukoreduction filter 78, is also included for post-sepa­
ration storage of the red blood cells. The set 12 further 
includes an in-process container 80 for temporarily holding 
blood during a separation procedure. The functionality of the 
foregoing components will be described in greater detail in 
the context of an exemplary blood separation procedure. 
(00381 Those having skilJ in the art wiJI appreciate that each 
port of the cassette 28 may be associated with a variety of 
components and tasks, but in the illustrated embodiment, the 
firsi port POI is connected to the in-process container 80 by 
flexible tubii1g. The second port PO2 is connected to the red 
blood cell collection container 64 by tubing. The third port 
P03 is connected to the plasma collection container 62 by 
tubing. The fourth port PO4 is collllected lo the platelet col­
lection container 60 by tubing. The fifth port PO5 is con­
nected to a (whole blood) inlet 82 of the chamber 66 (FIG. 4) 
by tubing. The si,nh port PO6 is collilected to a first (plasma) 
outlet 84 of the chamber 66 by tubing. The seventh port P07 
is collilected to a second (red blood cell) outlet 86 of the 
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chamber 66 by tubing. The eighth port PO8 is connected to 
the vascular access member 46 by tubing. The ninth port P09 
is associated with tubing 88 leading to a y-connector 90 for 
adding anticoagulant to whole blood from the blood source. 
The tenth port POl0 is associated with the anticoagulant 
container 48. The eleventh port POU is associated with the 
platelet storage solution container (not illustrated). The 
twelfth port PO12 is associated with the red blood cell addi­
tive solution container 50. The thirteenth port PO13 is asso­
ciated with the saJine container 52. The fourteenth port PO14 
is associated with the red blood cell storage container 74. 
(0039) The tubes extending from ports PO5, PO6, and P07 
to the chamber 66 are bund]ed together as an umbilicus 92. 
When installed in the processing station, the umbilicus 92 
links the rotating processing chamber 66 with the cassette 28 
without need for rotating seals, as will be described in greater 
detail herein. 

8. The Blood Processing Chamber 

I 0040] One exan1ple of the chamber 66 its elf is illustrated in 
greater detail in FIGS. 4-6. ln the illustrated embodiment, the 
processing chamber 66 is preformed in a desired shape and 
configuration, e.g., by injection molding, from a rigid, bio­
compatible plastic material, such as a non-plasticized medi­
cal grade acrylonitrile-butadiene-styrene (ABS). All con­
tours, ports, cham1els, and walls that affect the blood 
separation process are preformed in a single, i1tjection 
molded operation. Alternatively, the chamber 66 can be 
formed by separate molded parts, either by nesting cup 
shaped subassemblies or two sylllllletric halves. 
(0041) The underside of the chamber 66 iucludes a shaped 
receptacle which is suitable for receiving an end of the umbi­
licus 92. A suitable receptacle and the manner in which the 
umbilicus cooperates with the receptacle to deliver fluid to 
and remove fluid from the chamber 66 are described in greater 
detail in U.S. Patent Appljcation Publication No. 2009/ 
0215602. 
(0042] The iJlustrated chamber 66 has radially spaced apart 
inner (low-g) and outer (high-g) side wall portions 94 and 96, 
respectively, a bottom or first end wall portion 98, and a cover 
or second end wall portion (not illustrated). The cover com­
prises a simple flat part that can be easily welded to ihe 
remainder of the chamber 66. Because all feamres that affect 
the separation process are incorporated into one injection 
molded component, any tolerance differences between the lid 
and the remainder of the chamber 66 will not affect the 
separation efficiencies of the chamber 66. The wall portions 
94 and 96, the bottom 98, and tl1e cover together define an 
enclosed, generally ammlar channel 100. 
(0043] The (whole blood) inlet 82 communicating with the 
channel 100 is defined between opposing interior radial walJs 
102 and 104. One of the interior walls 102 joius the outer 
(high-g) wall portion and separates the upstream and down­
stream ends of the channel 100. The interior walls 102 and 
104 define the inlet passageway 82 of the chamber 66 which, 
in one flow configuration, allows fluid to flow from the umbi­
licus to the upstream end of the challilel 100 at a location 
which is adjacent the outer or h.igh-g side wall portion 96. 
(0044] A dam or barrier 106 is formed at a downstream end 
of the channel JOO and has upstream and downstream sides 
108 and 110 (FIG. 4). The barrier 106 extends from the outer 
side wall portion 96 radially inward to a location which is 
spaced from the inner side wall portion 94. The barrier 106 
will be described in further detail below. 
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(0045) In the embodiment of PIG. 5, the barrier 106 extends 
for the entire axial height of the channel 100, except for an 
underpass 112 located at an intermediate axial position 
spaced below the top of the channel and above, but adjacent 
io, the bottom 98 of the chamber 66. Tb.e underpass 112 is 
positioned in the channel 100 and defines an opening or 
passageway through or below the barrier 106, thereby allow­
ing for comn1turication between the upstream aud the down­
stream sides 108 and 110 of the barrier 106. The underpass 
112, and particularly the underpass inlet and outlet ope11ings, 
are preferably located near or in the proximity of the high-g 
side wall portion 96, where higher density cell components, 
such as reel cells, may accumulate under centrifogal force. 
More specifically, the higb-g side wall portion 96 has a radi­
a11y outward indent or recess on either side of the barrier 106. 
As seen in FIG. 5, sections 114 and 116 of the outer side wall 
portion 96 just upstream and downstream of the barrier 106 
extend radialJy outward from (i.e., are located at a greater 
radial distance than) a more upstream section of the outer side 
wall portion 96. An outer radial surface of the underpass 112 
may be fom1ed in part by one or more of these radially 
outward sections 114 and 116 of the outer side waJl portion 96 
(which sections 114 and 116 are shown removed in FlG. 5). 
An opposed inner radial surface of the underpass 112 (visible 
in FIG. 5 beneath the barrier 106) may be formed at a radial 
location which is approximate to that of the outer or high-G 
wall portion 96. 
(0046] A second flow path, referred to herein as a low-g 
flow path und generaJly indicated ut 118, ulso communicates 
between the upstream and downstream sides 108 and 110 of 
the barrier 106. As shown in FIG. 4, the low-g flow path 118 
is distinguishable from the tmderpass 112 for a munber of 
reasons. For one, the low-g flow path 118 is defined between 
the barrier 106 and the im1er side wall portion 94, allowing for 
fluid flow arom1d, rather than through or below the barrier 
106. It will be seen that the low-g flow path 118 is positioned 
at a more radially inward location than the underpass 112, 
making the low-g flow path 118 suitable for accommodating 
flowofa lessdensefluidcomponent, such as plasma, that may 
accumulate along the inner side wall portion 94, as will be 
described in greater detail herein. Further, the illustrated 
low-g flow puth 118 is positioned adjacent to the top of the 
channel 100, with a bottom or lower axial surface of the low-g 
flow path 118 being defined by an intermediate end wall 
portion 120, in contrast to the tmderpass 112, which is posi­
tioned adjacent to the bottom 98 of the chamber 66 (FIG. 5). 
(0047] As shown in FlG. 4, the low-g flow path 118 may 
include both non-radial and radial portions or legs 122 and 
124, respectively, giving the low-g flow path 118 a generally 
L-shaped configuration. In the illustrated embodiment, the 
non-radial or allllular portion or leg 122 is de.fined by 1he 
space between the inner side wall portion 94 and a radially 
inward surface of the barrier 106. The illustrated radial por­
tion or leg 124 is defined by the downstream side 110 of the 
barrier 106 and an interior radial wall extension 126. The 
interior radial wall extension 126 of PIGS. 4 and 5 terminates 
at an outer edge 128 which is located at an intermediate radial 
location between the inner and outer side wall portions 94 and 
96. 
(0048] The illustrated chamber 66 further includes first and 
second outlets 84 and 86, respectively, which may be defined 
by opposing surfaces of interior radial walls. The first 
(plasma) outlet 84 communicates with the channel 100 
upstream of the barrier 106. The second (red blood cell) outlet 

4 
Jul. 12, 2012 

86 communicates with the channel 100 downstream of the 
barrier 106. Both the first and second outlets 84 and 86 extend 
radially inward frolll the cham1el 100. T11e first outlet 84 
extends radially inward from an opening 130 which, in the 
illustrated embodiment, is located at the inner side wall por­
tion 94. The second outlet 86 extends radially inward from an 
opening 132 that communicates with the downstream side of 
the barrier 106. ln one embodiment, the opening 130 of the 
first outlet 84 is disposed at approximately a 45 degree angle 
relative to the opening 132 of the second outlet 86, a lthough 
other angles and orientations are also possible. 

III. The Centrifuge Station 

10049] As for the centrifuge station 44 which fimctions to 
receive and rotate the chamber 66, it is of the type which 
supports the chau1ber 66 while components of the centrifuge 
station 44 spin ar01md a central axis m1der the power of an 
electric drive motor or rotor. The centrifuge station 44 
includes a yoke member for engaging the umbilicus 92 
extending between the chamber 66 and the cassette 28 in an 
upside-down q11estion-mark shape. The yoke member causes 
the umbilicus 92 to orbit around the chamber 66 at a one 
omega rotational speed. The umbilicus 92 twists about its 
own axis as it orbits around the chamber 66. The twisting of 
the umbilicus 92 about its axis as it rotates at one omega with 
the yoke member imparts a two omega rotation to the cham­
ber 66, according to known design. T11e relative rotation of the 
yoke member at a one omega rotational speed and the chum­
ber 66 at a two omega rotational speed keeps the tllllbilicus 92 
rn1twisted, avoiding the need for rotating seals. A suitable 
centrifuge station 44 for use with the illustrated chamber 66 is 
described in greater detail in U.S. Patent Application Pub]j­
cation No. 2009/0215602. 
[0050) Blood is introduced into and separated within the 
processing chamber 66 as it rotates. As the processing cham­
ber 66 rotates, the umbilicus 92 conveys whole blood into the 
channel 100 through the passage 82, where it separates as a 
result of centrifugal forces. 
10051] FIG. 6 shows the re lative positions of a radially 
imlermost layer 134, a radially outermost layer 136, and a 
radially intermediate or interface layer 138 of separated blood 
components during a typical procedure when the chamber 66 
is used to fractionate an amount of blood. The radially illller­
most layer 134 is positioned adjacent to the inner (low-g) wall 
portion 94 and, in one embodiment, will be substantially 
comprised of plasma. The radially outermost layer 136 is 
positioned adjacent to the outer (high-g) wall portion 96 and, 
in one embodiment, will be substantially comprised of red 
blood cells. The interface layer 138 is located radialJy inter­
mediate the other layers 134 and 136 and, in one embodiment, 
will be substantially comprised ofwlrite blood celJs and plate­
lets. 
(0052] The constitution of the various layers illustrated in 
FIG. 6 may vary according to the particular procedure. For 
example, when the chamber 66 is spun at a relatively high 
speed the radially innermost layer 134 will comprise substan­
tially cell-free plasma, whereas the illllermost layer 134 will 
instead comprise a mixture ofpJasma and platelets (referred 
to herein as a "plasma/platelet layer") when a slower spin 
speed is employed. In other procedures, the radially inner­
most layer 134 may also contain an amount of anticoagulant, 
white blood cells, and/or a non-plasma platelet storage solu­
tion. 
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(0053] Regardless of the exact composition of the various 
layers, the radially outermost layer 136 will flow through the 
underpass 112 (FIG. 5) l0 the downstream side 110 of lhe 
barrier 106 and into the opening 132 of the second outlet 86, 
where it exits the charu1el 100 (FIG. 6). A portion of the 
radially innermost layer 134 will enter the opening 130 of the 
first outlet 84 and exit the channel 100 therethrough, upstream 
( approximately 40-45°) of the barrier 106. Another portion of 
the radially innermost layer 134 will flow past the opening 
130 and into the low-g flow path 118, but is prevented from 
flowing into the opening 132 of the second outlet 86 by the 
presence of the denser outermost layer 136 on the down­
stream side 110 of the barrier 106. As for the interface layer 
138, it will engage against the upstreamsideofthebarrier 106 
and accumulate without exiting the channel 100. A method of 
collecting the blood components in the interface layer 138 
will be described in greater detail herein. 

IV. Other Components of the Durable System 

(0054] In addition to the centrifuge station 44 and pump 
and valve station 30, the case 18 may include other compo­
nents compactly arranged to aid blood processing. For 
example, the case 18 may include a weigh station 140, an 
operator interface station 142, and one or more trays 144 or 
hangers 146 for containers. The arrangement of these com­
ponents in the case 18 can vary. In the illustrated embodimen~ 
the weigh station 140, the hangers 146, the controller 16, and 
the user interface station 142, like the pump and valve station 
30, are located in the lid 22 of the case 18. 111e holding trays 
144 are located in the base 20 of the case 18, adjacent the 
centrifuge station 44. 
(0055) The illustrated weigh station 140 comprises a series 
of container hangers 146 arranged a.long the top of the lid 22 
from which selected containers of the flow set 12 are sus­
pended. The containers receive blood components separated 
during processing. The weigh station 140 includes weight 
sensors (which may be incorporated into the strncture of the 
hangers 146) v,'hich provide output reflecting weight changes 
over time. This output is conveyed to the controller 16, ,vhich 
processes the incremental weight changes to derive fluid pro­
cessing volumes and flow rates. The controller generates sig­
nals to control processing events based, in part, upon the 
derived processing volumes. 
[0056] The holding trays 144 comprise molded recesses in 
the base 20 which accommodate selected containers of the 
flow set12. and may also include weight sensors. 
(0057] Using the weight sensors, the controJJer 16 can con­
tinuously determine the actual volume of fluid that is moved 
per pump stroke and correct for any deviations from com­
manded flow. The controller 16 can also diagnose exceptional 
situations, such as leaks and obstrnctions in the fluid path. 
111is measure of monitoring and control is desirable in an 
automated apheresis application, where it is desirable for 
anticoagulant to be accurately melered with the whole blood 
as it is drawn from the donor, and where product quality (e.g., 
hematocrit., plasma purity) may be influenced by the accuracy 
of the pump flow rates. 
[0058] Alternatively, rather than employing weight sen­
sors, flow monitoring can be achieved by electrical monitor­
ing means, such as a metal electrode located in thechan1berof 
each pump station of the cassette. Suitable flow and weight 
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monitoring arrangements are described in greater detail in 
U.S. Patent Application Publication No. 2009/0215602. 

V. The ControJJer 

(0059] The controller 16 carries out process control and 
monitoring functions for the system. In one embodiment, the 
controller 16 comprises a main processing unit (MPU), which 
can comprise, e.g., a PentiumTM type microprocessor made 
by Intel Corporation, although other types of conventional 
microprocessors can be used. 1be controJJer 16 may be 
mounted inside the lid 22 of the case 18, adjacent to the 
operator interface system 142. The controller 16 is pro­
grammed to execute at least one blood processing application 
but, more advantageously, is programmed to execute a variety 
of different blood processing applications. For example, the 
controJJer 16 may be programmed to carry out one or more of 
the following: a double unit red blood cell collection proce­
dure, a plasma collection procedure, a plasma/red blood cell 
collection procedure, and a red blood cell/platelet/plasma 
collection procedure. The details of an exemplary red blood 
cell/platelet/plasma procedure will be described later. Addi­
tional or alremative procedure applications can be included 
without departing from the scope of the present disclosure. A 
more detailed description of the programming and function ­
ality of a suitable controller can be found in U.S. Patent 
Application Publication No. 2009/0215602. 
[0060) The operator interface station 142 is associated with 
the MPU to allow the operator to view and comprehend 
infom1ation regarding the operation of the system. The inter­
face station 142 also allows the operator to select applications 
to be executed by the controller 16, as well as lo change 
certain fonctions and performance criteria of the system. In 
the illustrated embodiment, the interface station 142 includes 
touch screen carried in the lid 22. The interface screen dis­
plays infonnation for viewing by the operator in alpha-nu­
meric format and as graphical images. It receives input from 
the operator by conventional touch activation. In other 
embodiments, the screen may omit touch-activation capabili­
ties and instead include an associated keypad for entering 
commands and data. 

V1. Exemplary Processing Procedure 

(0061) An exemplary blood separation procedure will now 
be described. Tue following procedure is used to separate 
donor blood into its components and collect amounts ofred 
blood cells, platelets, and platelet poor plasma for later use. 

A. Pre-Processing 

(0062) Prior to processing, an operator selects the "RBC/ 
Platelet/Plasma" protocol using the operator interface station 
142. If the blood source is a donor, the operator then proceeds 
to enter various parameters, such as the donor gender/height/ 
weight. In one embodiment, the operator also enters the target 
yield for the various blood components. In an exemplary 
procedure, the pre-selected yields are one unit each of single 
dose platelets, packed red cells, and platelet poor plasma. As 
will be described in greater detail herein, an amount of plasma 
may be used to harvest platelets and packed red cells from the 
chamber and act as a platelet storage fluid, so it may be 
advantageous to specify an additional amount of plasma ( e.g., 
approximately 335 ml extra- 300 mJ to harvest and store the 
platelets and 35 ml to harvest the packed red cells) to ensure 
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that one unit remains in the plasma collection container af1er 
the platelets and packed red cells have been harvested. 
10063] The operator also selects the collection control sys­
tem, which may be based on, for example: (I) the amount of 
whole blood to process, (2) a donor platelet pre-count (i.e ., the 
amount of platelets in a pre-donation sample of the donor's 
blood) and the target platelet yield, or (3) the target platelet 
yield alone (when 110 platelet pre-count is available). 

(0064] Further, before. processing begins, any separate con­
tainers (e.g., a platelet storage solution container) are con­
nected to the flow set 12 and the flow set 12 is secured to the 
blood processing device 14. An integrity check of the flow set 
12 may be executed by the controller 16 to ensure the various 
components are properly connected and fonctioning. Follow­
ing a successful integrity check, the blood source is connected 
to the flow set 12 ( e.g., by phlebotomizing a donor), and the 
chamber 66 is primed by saline pumped from the saline 
container 52 by operation of one or more pumps of the cas­
sette 28. 

B. Blood Drnw 

( 0065] Once the pre-processing tasks have been performed 
by the system and the open1tor, a blood draw stage begins. 
Blood is continuously drawn from the blood source and into 
the flow set 12 at a draw flow rate by a two-phase process that 
is iJJustrated in FIGS. 7A and 78. Before the blood enters the 
cassette 28 in either of the phases, an amount of anticoagulant 
is added to it. Anticoagulant is continuously pumped from the 
anticoagulant container 48 (which is connected via tubing to 
port POlO of the cassette 28) at an anticoagulant flow rate. 
through the cassette flow circuit (identified in FIG. 3 as e le­
ment 150), and out port P09 of the cassette 28 by operation of 
the anticoagulant pump PUS. The anticoagulant travels 
through the nibing 88 connected to the port P09 and exits 
through they-connector 90, where it mixes with blood flow­
ing from the blood source into tJ.1e cassette 28 via port PO8. 
(00661 FIG. 7A schematically illustrates the path through 
the cassette 28 taken by anticoagulated whole blood being 
pumped from the blood source (which is connected via tubing 
to port PO8 of the cassette 28), through the cassette flow· 
circuit 150. and directly into the chamber 66 (which is con­
nected via tubing to port P05 of the cassette 28). The donor 
pumps PU3/PU4 cooperate with the in-process pump PUl to 
flow the blood through the cassette flow circuit 150 in this first 
phase. 
10067] In the phase illustrated in FIG. 78 , anticoagulated 
blood is pumped from the blood source, through the cassette 
flow circuit from port PO8 to port POI , and to the in-process 
container 80 instead of flowing directly into the chamber 66 
via port POS. In contrast to the first phase, the operation of 
just the donor pumps PU3/PU4 is sufficient for flowing the 
blood into the in-process container 80 in the phase of FIG. 7B. 
The blood pumped into the in-process container 80 is tempo­
rarily stored therein before it is eventually pumped into the 
chamber 66, as will be described in greater detail herein. 
(0068] In one embodiment, blood is drawn from the source 
by one of the donor pumps PU3/PU4 while the other donor 
pump PU3/PU4 expels the blood to the chamber 66 or the 
in-process container 80. This allows for simultaneous blood 
draw and pumping to the chamber 66 or the in-process con­
tainer 80. 

6 
Jul. 12, 2012 

[0069] The blood may be alternate ly pumped to the cham­
ber 66 (FIG. 7 A) and then to the in-process container 80 (FIG. 
7B) ar a particular ratio ( e.g., 9 : 1) to fill both at the same time. 

C. Blood Separation 

(0070] TI1e blood in the chamber 66 is subjected to a sepa­
ration stage, wherein separation of the fluid components 
occurs based on density, as shown i.n FIG. 6, while the cham­
ber spins at a "hard spin" rate of, for example, approximately 
4500 RPM. It is noted that the angular velocities used herein 
conventionally are "two omega" (i.e., the spin speed of the 
chamber itself) altJ10ugh "one omega" (i.e., the speed at 
which the umbilicus is orbited around the chamber) may also 
be used, as well as some combination thereof. A higher den­
sity component such as red blood cells is forced towards the 
outer or high-side wall portion in an outermost layer 136 and 
a lower density component such as platelet poor plasma is 
forced towards an inner or low-g side wall portion in an 
innermost layer 134. The interface layer 138 between the red 
blood cells and the plasma contains a huffy coat layer which 
inc.ludes at least a portion of platelets and white blood cells, 
although the components of the interface will vary based on 
the particular procedure employed. 

D. Blood Component Collection 

I . Initial Plasma and Red Cell Collection 

[0071] As the interface is pooling upstream of the barrier 
106, fluid may be collected separately from either side of the 
interface-or both sides thereof- through the respective out­
let 84 or 86 depending on the requirements of the procedure. 
For example, FIG. 8 schematically illustrates the path of 
whole blood out of por1 PO5 of the cassette 28 and into the 
chamber 66, with the blood separating into its constituent 
parts and some platelet poor plasma exiting the chamber 66 
through the plasma outlet 84 (per FIG. 6). 1be plasma exiting 
the plasma outlet 84 flows through nibing and into the cassette 
28 via port P06 of the cassette 28. When the plasma enters the 
cassett.e fluid circuit 150, the plasma pump PU2 cooperates 
with the various valves to convey 1he plasma to port P03 of the 
cassette 28. TI1e plasma exiting port P03 travels through nib­
ing and into the plasma collection container 62. 
10072] Simultaneously, some red blood cells are collected 
radially outward of the interface, exiting the chamber 66 
through the red blood cell outlet 86 (per FIG. 6). The red 
blood cells exiting the red blood cell outlet 86 flow through 
111 bing and into the cassette 28 via port P07 of the cassette 28. 
When the red blood cells enter the cassette fluid circuit 150, 
they are directed to port PO2 of the cassette 28. The red blood 
cells exiting the port PO2 travel through lllbing and into the 
red blood cell collection container 64. 

2. Plate.Jet Accumulation 

[0073] While the plasma and red blood ce lls are being 
separated and removed from the chamber 66, the barrier 106 
allows for accumulation of plate lets (which are contained in 
the buffy coat/interface layer 138) in the channel 100, sub­
stantialJy without the platelets exiting the chamber 66 (per 
FIG. 6) . 
[0074] In one embodiment, the stages of drawing whole 
blood into the chamber and collecting platelet poor plasma 
and red blood cells (while retaining buffy coat in a pool 
upstream of the barrier 106) are repeated until a predeter-
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mined amount of platelets is present in the pooled buffy coat. 
In one embodiment, the low-g and bigh-g walls are suffi­
ciently spaced from each other to allow for at least one thera­
peutic unit of single dose platelets, or approximately 3.0-4. 
7xl 011

, platelets to be pooled upstream of the barrier without 
allowing the pooled buffy coat to spill past the barrier 106. In 
another embodiment, the low-g and high-g walls are suffi­
ciently spaced from each other to allow for at least approxi­
mately 7xl01 1 platelets to be pooled upstream of the barrier 
without allowing the pooled bu.tfy coat to spill past the barrier 
106. 
(0075] Typically, the amount of blood that must be pro• 
cessed to collect one therapeutic unit of single dose platelets 
results in a surplus of separated platelet poor plasma and red 
blood cells. Accordingly, periodically during the platelet 
pooling process, an amount of ihe collected platelet poor 
plasma and red blood cells may be rentrned to the blood 
source or otherwise conveyed to a recipient. 
(0076] At the end of the platelet pooling process and when 
it has been determined that the required amounts of plasma, 
red blood cells, and platelets are present in the system, any 
excess collected red blood cells and plasma may be ren1med 
to the donor, folJowed by the donor being disconnected from 
the system. An additional amount of red blood cells may be 
conveyed to the donor, with the understanding that the red 
blood cell harvesting stage (which will be described in greater 
detail herein) will ultiniately bring the amount of collected 
red blood cells up to the target yield. 

3. Recombination and Recirculation 

(00771 Next, the separated fluid components within the 
chamber 66 are recombined. FIGS. 9A and 9B illustrate the 
operation of the cassette 28 during the recombination stage. 
In one embodiment, recombination is performed by rotation 
oftbe chamber 66 in botb c.lockwise aod counterclockwise 
directions, whereby Ille chamber 66 is rotated alternately io 
clockwise and counterclockwise directions one or more 
times. During this recombination stage, the valves VAL17 
and VAL19 associated with the plasma outlet 84 (which is 
connected via mbing to port PO6 of the cassette 28) are 
closed. With the plasma outlet 84 effectively closed, the con· 
tents ofthechamber66 are forced to exit or enter the chamber 
66via the whole blood inlet 82 and/or the red blood cell outlet 
86. l11e donor pumps PV3 and PU4 and the ID-process pump 
PUl of the cassette 28 are operated to cycle the blood com· 
ponents into and out of the chamber 66, as generally illus­
trated in the two-phase process of FIGS. 9A and 9B. 
[0078] 1n the phase illustrated in FIG. 9A, the blood com· 
ponents present in the donor ptunps PU3 and PU4 are pumped 
through the cassette flow circuit 150 to the in-process pump 
PUl . 1n the phase illustrated in FIG. 9B, the blood compo· 
nents present in the in-process pump PUl are pumped 
through the chamber 66 (in through the whole blood i11let 82 
via cassette port PO5 and out the red blood cell outlet 86 via 
cassette port PO7) and into the donor pumps PU3 and PU4. 
l11ese phases alternate as the chamber 66 is rotated alter­
nately in clockwise and counterclockwise directions. 
(0079] The recombination stage results in a uniform blood· 
like mix1ure which includes plasma, red blood cells, platelets, 
and white blood cells having an approximate hematocrit of 
20-40 percent (in one embodiment). Toe recombination stage 
may last approximately one to three minutes, although this 
time period may vary. The rotation of the chamber in either 
direction may be at a rate much lower than the rate of rotation 
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dttring initial separation of the components and may be, for 
example, in the range of approximately 300 to 600 RPM, 
although other rates of rotation are possible. 
(0080] After a sufficient recombination period, the first 
phase of a recirculation stage begins by causing the chamber 
66 to rotate in a uniform (i.e., noo-alternating) direction. The 
flow of fluid within the chamber 66 is generally directed from 
the inlet 82 to the first and second outlets 84 and 86, a lthough 
fluid is still prevented from exi1ing the chamber via the 
plasma outlet 84. l11e specific speed of the rotor of the cen­
trifuge station 44 may vary, but may be a "slow spin" of 
approx:imately 2500-2700 RPM, which separates a red blood 
cell layer from a layer containing plasma and platelets. Dur­
ing this time, the valves VAL17 and VAL19 associated with 
cassette port PO6 are closed., effectively closing the plasma 
outlet 84 and forcing the fluid in thechamber66 to exit via the 
red blood cell outlet 86 (which is connected via tubing to port 
PO7 of the cassette 28) and flow into the donor pumps PU3 
and PV4, identical to the second phase of the recombination 
stage shown in FIG. 98 . The donor pumps PU3 and PV4 
pump the fluid through the cassette flow circuit 150 to the 
in-process pump PUl (identical to the first phase of the 
recombination stage shown in FIG. 9A). Finally, the in-pro­
cess pump PUl pumps the fluid out of port POS, through the 
whole blood inlet 82, and back into the channel 100. l11is 
phase of the recirculation stage continues for a sufficient time 
to allow the red blood cell layer to settle within the chamber 
66. 
[0081] After the red blood cell layer has settled within the 
chamber 66, the second phase of the recirculation stage may 
begin. Valve VAL 17 is opened, as shown in FIG. l0A, allow­
ing flow through cassette port PO6 and effectively re-opening 
plasma outlet 84 (which is connected via tubing to port PO6). 
During this phase, ihe red blood ce-ll layer continues exiting 
the chamber 66 via the red blood cell outlet 86, flowing into 
the cassette flow circuit 150 via port PO7, and being directed 
to one of the donor pumps P03. \\lith the plasma outlet 84 
re-opened, the layer including plasma and platelets is allowed 
to exit the chamber therethrough and enter the cassette flow 
circuit 150 via port PO6. The plasma/platelet layer is directed 
from port P06 to the plasma pump PU2, as shown in F1G. 
l0A. 
(0082] l11ereaiter, Ille contents of the donor pump PV3 
(i .e., the red blood cell layer) and Ille plasma pump PU2 (i.e., 
the plasma/platelet layer) are pumped through the cassette 
flow circuit 150 and into the in-process pump PUl (FIG. 
16B), where they are recombined. The in-process pump PUl 
subsequently pumps the combined fluids out of the cassette 
28 via port PO 5 and back to the chamber 66 (FIG. 16A). 
These sub-phases alternate, thereby creating a recirculation 
loop into and out of the chamber 66. 
(0083] During recirculation, no plasma, plaielets, or red 
blood cells are collected. The platelet concentration io the 
plasma/platelet layer generally increases dttring this phase, 
with platelets from the interface becoming suspended in the 
plasma. 
10084) Recirculation of the plasma/platelet layer may con­
tinue for several minutes (approximately tv,..-o to four minutes 
in one embodiment), which duration may vary depending 
upon the particular procedure. The recirculation stage ends 
when an optical sensor associated with the tubing 152 con­
necting the plasma outlet 84 and cassette port PO6 detects a 
plasma/platelet layer which has a desired concentration of 
platelets and which is visually low in red blood cells (e.g., a 



 
Terumo v. Haemonetics - IPR2025-01391 

Petitioner Terumo Exhibit 1016-0019

US 2012/0175313 A l 

hematocrit between approximat.ely 20-40 percent, as noted 
above). A suitable optical sensing system is described in 
greater detail in U.S. Patelll Application Publication No. 
2009/0215602. 

4. Platelet Collection 

(0085] After the recirculation stage and any additional 
blood processing stages (if it is determined during t.he recir­
culation stage that additional blood collection and processing 
are required to colJect the target amount of platelets), a plate­
let harvesting stage is initiated. In the platelet harvesting 
stage, the plasma/platelet layer is pumped out of the chamber 
66 via the plasma outlet 84 and into the platelet collection 
container 60. This is achieved by continuing the immediately 
preceding recirculation stage, but adding a platelet storage 
fluid (platelet poor plasma from the plasma colJection con­
tainer 62 and/or non-plasma storage solution from the platelet 
storage solution container) to the circulating fluid. The addi­
tional fluid replaces the fluid volume Jost within the chamber 
66 due to colJection oftbe plasma/platelet layer. 
(00861 In particular, as shown in FIG. 108 , the contents of 
t.he plasma pump PU2 (i.e., the plasma/platelet layer) and the 
contents of the donor pump PU3 (i.e ., the red blood cell layer) 
How to the in-process pump PUl . The mixed contents of the 
in-process pump PUl are then pumped out of cassette port 
PO5 and into the chamber 66, as packed red cells exit the 
chamber 66 via the red blood cell outlet 86 and are pumped 
through cassette port PO7 iuto the donor pump PU3 (FIGS. 
17 A/17B). Simultaneously, the plasma/platelet layer exits the 
chamber 66 via the plasma outlet 84 and is pumped through 
cassette port PO6, through the cassette flow circuit 150, aud 
out port PO4 to the platelet collection container 60 (FIGS. 
17 A/17B). Rather t.han being filled with the plasma/platelet 
layer (as in the recirculation stage), the plasma pump PU2 is 
filled with a platelet storage fluid. In one embodiment, illus­
tratedin FIG. 1 l A, the plasma pump PU2 is filled with plasma 
from the plasma coUection container 62 (which is co1111ected 
via tubing to port P03 of the cassette 28). In another embodi­
ment, illustrated in FIG. 11 B, the plasma pump PU2 is instead 
filled with non-plasma storage solution from the platelet stor­
age solution container (v..-hich is co1111ected via tubing to port 
POll of the cassette 28). 
(0087] With this additional fluid in the plasma pump PU2, 
the contents thereof and the contents of the donor pump PU3 
again flow into the in-process pump PUl (FIG. 168). Finally, 
the in-process pump PUl is emptied into the chamber 66 
through the whole blood inlet 82 (which is connected via 
tubing to port PO5 of the cassette 28), with the plasma/ 
platelet layer being displaced out of the plasma outlet 84 and 
into the cassette flow circuit 150 via port PO6 (alternatively 
illustrated in FIGS. 11A and 118). Once in the cassette 28, the 
plasma/platelet layer is pumped from port PO6 to port PO4 
and to the platelet collection container 60. Simultaneously, 
the packed red cells flow from the red blood cell outlet 86 of 
the chamber 66, into the cassette flow circuit 150 via port 
PO7, and through the cassette flow circuit 150 to the donor 
pump PU3 (alternatively illustrated in FIGS. H A and 11B). 
These sub-phases alternate (i.e., between the sub-phase ilJus­
trated in FIG. 10B and the sub-phase illustrated in FIGS. 
llA/118), thereby creating a recirculation loop into and out 
of the chamber 66, with an amount of the plasma/platelet 
layer being coJJected during each iteration of the loop. 
(0088] The sub-phases illustrated in FIGS. llA and 118 
may be practiced independently (e.g., employing only the 
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sub-phase of FIG. llA in combination with the sub-phase of 
FIG. 10B to harvest and store platelets in platelet poor 
plasma) or combined during a given procedure. For example, 
the platelet harvesting stage may following a repeating loop 
from the sub-phase illustrated in FIG. 108 , to the sub-phase 
illustrated in FIG. llA, to the sub-phase illustrated in FIG. 
10B, to the sub-phase illustrated in FIG. 118, and finally back 
to the beginning of the loop. In yet another embodiment, 
a.on-plasma storage solution is used to displace and store 
platelets (i.e., the FIGS. 108 aud 10B sub-phases are alter­
nated) until a target amount of storage solution has been used, 
at which time platelet poor plasma is used to displace and 
store the platelets (i.e., the FIGS. I OB and llA sub-phases are 
altemated) until the target platelet yield is achieved. 
(0089] When the target platelet yield has been reached, the 
system may operate to flow plasma and/or non-plasma stor­
age solution directly to the platelet collection container (by­
passing the chamber 66) if need be. 
(0090] Alfuough the majority ofleukocytes in the plasma/ 
platelet layer will sediment therefrom during the aforemen­
tioned recirculation stages, some leukocytes typically remain 
in the collected fluid. The illustrated flow set 12 (FIG. 5) has 
an in-line leukoreduction filter 68 between the cassette 28 and 
the platelet collection container 60. In such an embodiment, 
the plasma/platelet layer that is pumped out of the chamber 66 
by the plasma pump PU2 is pumped through the leukoreduc­
tion filter 68 andiuto the platelet collection container 60 while 
the chamber 66 is still spinning and processing the blood 
components. In one example, a reduction of white blood cells 
from approximately l .0xl07 io approximately J.0xlif on 
account of an in-line leukoreduction filter was observed. 

5. Additional Red CelJ CoJJection 

(0091] When the platelet harvesting stage is complete, the 
system continues with a red blood cell harvesting stage, 
which is illustrated schematically in FIG. 12. During th.is 
stage, the valves VALl 7 and VAL19 associated with cassette 
port PO6 are closed. effectively closing the plasma outlet 84, 
and the spin speed of the chan1ber 66 is increased to a "hard 
spin" of, for example, approximately 4500 RPM. The in­
process pump PUl delivers platelet poor plasma from the 
plasma collection container 62 (which is connected via tubing 
to port P03 of the cassette 28) to the chamber 66 via the whole 
blood inlet 82 (which is connected via 1t1bing to port PO5 of 
t.he cassette 28). 111e incoming plasma forces the packed red 
blood cells out of the red blood cell outlet 86 and into the 
cassene flow circuit 150 via port PO7. The red blood cells are 
directed through the cassette flow circuit 150, out of port PO2, 
and to the red blood cell collection container 64. In an alter­
native embodiment, red. blood cells remaining in the chamber 
66 may be removed therefrom by otl1er means. For example, 
rather than employing plasma to flush red blood cells from the 
chamber 66, another fluid (e.g., saline) or air may be 
employed. 
(0092) After the platelets and red blood cells have beeu 
collected, any of a number of post-processing procedures 
may be initiated, a number of which are described in greater 
detail in U.S. Patent Application Publication No. 2009/ 
0215602. 

VU. Limiting Platelet Aggregation 

[0093] During processing, the platelets in the interface 
layer 138 within the channel 100 may tend to stick or clump 
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together, particularly when a foll dose of platelets (approxi­
mately 3.0-4. 7x10u platelets) is held in the channel 100 prior 
to collection. If the platelets become aggregated, it may be 
impossible to collect as many of them as desired, as the 
clumped platelets may not be able to flow readily out of the 
channel 100 through the appropriate outlet 84. Also, aggre­
gation can result in undesired activation of the platelets, 
potentially reducing the long tenn viability. These problems 
are not unique to the foregoing system and method, but can 
occur in other platelet collection systems as well. 
[0094] To avoid or limit such aggregation, the controller 
may be progralllllled to monitor the amount of platelets 
withln the blood or in the blood separation device (i.e., the 
chamber 66 in the illustrated embodiment) and predict the 
likelihood of platelet aggregation in the device. If the control­
ler determines that the likelihood approaches, meets, or 
exceeds some predetermined value, the controller may auto­
matically take corrective action to avoid or reduce the risk of 
platelet aggregation. As used herein, the term "approaches" 
refers to a situation in which the likelihood, while less than the 
predetermined value, may be indicative of potential platelet 
aggregation. More particularly, the term "approaches" may 
be tmderstood to refer to a sit11ation in which the likelihood is 
less than the predetermined value, but sufficiently close to 
give rise to concern, such as being within a particular percent­
age of the predetermined value. For example, the term 
"approaches" may be understood to refer to a situation in 
which the likelihood is less than the predetermined value, but 
within about 10-15%, and particularly within about 10% of 
the predetermined value. In yet another em bodin1ent, the tem1 
"approaches" may be understood to refer to a situation in 
which the likelihood is less than the predetermined. value, but 
increasing toward the predetermined value and within a par­
ticular percentage ( e.g., 10-15%) of the predetermined value. 
It is within the scope of the present disclosure for such cor­
rective action to encompass steps taken to prevent platelet 
aggregation from ever occurring and steps taken to counteract 
platelet aggregation which may have already taken place. 
However, it is preferred to prevent any platelet aggregation, as 
it may be difficult to counteract some instances of platelet 
aggregat ion once ihey have already occurred. 
(0095] 1n general, the corrective action preferably is in the 
form of an automatic adj ustment to one or more operat ional 
parameters of the blood processing protocol. For example, the 
controller may act to avoid platelet aggregation by changing 
the ratio of whole blood to anticoagulant in the system. Tbis 
may be achieved in a number of ways. 
(0096] One way of varying the ratio of whole blood to 
anticoagulant in the system is by maintaining the amotmt of 
bloodi11 the system or the rate at which blood is drawn into the 
system, but varying the amount ofanticoagulant in the system 
or the anticoagulant flo\v rate (i.e., the rate at which antico­
agulant is continuously added to the blood in the system). It 
has been fotmd that the incidence of platelet aggregation 
decreases with a decreasing whole blood-to-anticoagulant 
ratio. For example, it has been found that, for a full dose 
platelet collection protocol according to the foregoing 
description, by changing the whole blood-to-anticoagulant 
ratio from 11 :1 to 9: 1, platelet aggregation may be substan­
tially avoided. Accordingly, in one embodiment, the whole 
blood-to-anticoagulant ratio is decreased by increasing the 
amotmt of anticoagulant added to the blood. 
(0097] If the pump system is progra=ed to nomially 
operate at a default anticoagulant flow rate, the controller may 

9 
Jul. 12, 2012 

adjust the operation of the ptunp system to operate at an 
elevated anticoagulant flow rate. The anticoagulant flow rate 
may be increased :from the default rate to the elevated rate 
over the course of the procedure or illllllediately. The elevated 
flow rate may be maintained until the end of the procedure, 
until some later time in the procedure (at which time the rate 
decreases to the default rate or changes to some other rate, 
which may be lower or higher than the elevated flow rate), or 
may be illllllediately ended. If the rate at which anticoagulant 
is added to the system is immediately increased and then 
immediately returned to the default rate, such corrective 
action may be characterized as the inject ion of a large, one­
time bolus of anticoagulant. It is also within the scope of the 
present disclosure for injection of more than one bolus of 
anticoagulant. The increased amount of anticoagulant may be 
added to the blood being drawn :from the blood source or, 
particularly in the case of the bolus method, it may be added 
directly into the separation device. 
(0098] Alternatively, rather than varying the anticoagulant 
flo\l'..- rate or the amount of anticoagulant in the system, the 
controller may respond to the risk of platelet aggregation by 
varying the amount of blood drawn into the system or the 
blood draw rate (i.e., the rate at which blood is continuously 
drawn from the blood source into the system). As noted 
above, decreasing the whole-blood-to-anticoagulant ratio 
tends to decrease the occurrence of platelet clumping, and the 
controller may achieve this effect by operating the pump 
system to draw a decreased amount of blood from the blood 
source (e.g., by actuating the pump system to decrease the 
blood draw rate). Jt will be appreciated that such a course of 
action has a similar effect to adding additional anticoagulant 
in that it serves to further dilute the blood in the system (i.e., 
decrease the whole blood-to-anticoagulant ratio), but it may 
require longer procedure time. 
[0099] In yet another embodiment. the amollllt of antico­
agulant added to the system (or the anticoagulant flow rate) 
may be increased in combination with a decrease in the 
amotmt of blood drawn into the system (or the blood draw 
rate). Other methods of modifying the ratio ( e.g., by decreas­
ing the anticoagulant flow rate while decreasing the blood 
draw rate lo a larger degree or increasing the blood draw rate 
while increasing the anticoagulant flow rate to a larger 
degree) may also be employed without departing from the 
scope of the present disclosure. Further, the range of possible 
responses is not limited to actions taken during a blood sepa­
ration procedure, but may a lso include actions taken after­
ward, such as adding an amotmt of anticoagulant to the cham­
ber after the procedure is completed. 
[0100] Additionally, the response carried out by the con­
troller need not be a single event, but may comprise a nU111ber 
of predictions and responses. For example, the controller may 
be programmed with multiple values against which the pre­
dicted likelihood of platelet aggregation may be checked. 
Upon the prediction approaching, meeting, or exceeding a 
first threshold value, the controller may command the pump 
system to carry out a first corrective action to avoid platelet 
clumping. After the first corrective action, the controller again 
predicts the likelihood ofa platelet aggregation and compares 
it to another predetermined threshold value. lf the predicted 
likelihood approaches, meets, or exceeds this second value, a 
second corrective action (which may be either the same as the 
first corrective action or a different response) may be initiated 
by the controller. In another embodiment, the controller may 
be progralllllled to automatically take periodic corrective 
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actions, e .g., at each 50 ml interval of blood drawn into the 
system. This may be combined with any of the foregoing 
corrective actions to various effect. For example, the control­
ler may be programmed to increase the anticoaguJant flow 
rate at the designated time for each corrective action, resulting 
in an anticoagulant infusion profile which ramps upwardly 
over time as a step function. Other comparison protocols and 
corrective actions may also be paired together without depart­
ing from the scope of the present disclosure. 

[0101) lfthe controller includes anti-aggregation protocol, 
it may affect the default processing parameters. For example, 
if the controller responds to anticipated or acnial platelet 
aggregation by adding an extra amount of anticoagulant, it 
may be possible for the procedure to start at a lower antico­
agulant flow rate than usual (i.e., a higher whole blood-to­
anticoagulant ratio) and then later in the procedure, after 
platelets have been collected into the separation chamber 66, 
add a bolus of anticoagulant into the separation chamber 66 to 
reduce the potential platelet aggregation. By using a relatively 
low default anticoagulant flow rate, the total amount of anti­
coagulant used during a procedure may be decreased without 
unduly increasing the risk of platelet aggregation. Reducing 
the amom1t of anticoagulant used is beneficial in terms of both 
cost savings and decreasing the occurrence of negative donor 
citrate reactions. 
[0102) There are various ways in which the controller may 
predict the likelihood of platelet aggregation. In one embodi­
ment, the controller is programmed to calculate the amount. of 
platelets in the blood and/or in the separation device. The 
calculation may be carried out using any suitable algorithm 
and factors. For example, the amount of platelets may be 
calculated by taking into account the amount of blood drawn, 
the platelet concentration of the blood, and the mean platelet 
volume. The platelet concent ration may be either determined 
during the blood separation procedure (using an onli.ne esti­
mator, for example) or may be known before the procedure 
begins (e .g., if the blood source is a human donor with a 
known platelet pre-count) . Similarly, the mean platelet vol­
ume may be either determined during the blood separation 
procedure or may be known before the procedure begins. Any 
platelet information known prior to processiug may be pro­
vided to the controller at the time the desired protocol and 
required parameters (e.g., donor weight, amount of platelets 
to collect, etc.) are entered. 
[0103] Alternatively, rather than calculating the amount of 
platelets, one or more optical sensors may be employed to 
detect the amount of platelets in the blood and/or in the 
separation device. T11e use of optical sensors to determine the 
presence of platelets in blood. or in a separated blood compo­
nent is well known. Generally speaking, the difference 
between a baseline optical density of a fluid (e.g., the optical 
density of plasma substantially free of cellular components) 
and the acnial detected optical density (e.g., the optical den­
s ity of plasma containing platelets) may be indicative of the 
platelet concentration of the fluid, so a "snapshot" of the 
platelet content can be estimated by comparing the two values 
over a period of time and then integrating the area therebe­
tween during that time. The integrated value is equal to ( or at 
least indicative of) the amount of platelets in the blood and/or 
in the separation device. One particular system for optically 
mo.nitoring the platelet content of blood or a separated blood 
component is described in U.S. Patent Application Publica­
tion No. 2009/0215602. 
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[0104] Depending on the configuration of the blood sepa­
ration system and the separation device, the optical sensor(s) 
may be variously positioned. For example, when the separa­
tion device is opaque and/or it is impracticable to directly 
monitor the interior of the separation device, one or more 
optical sensors may be associated with the fluid flow tubes 
connected to the inJet(s) and outlet(s) of the device. Alterna­
tively, for separation devices having at least a portion that is at 
least partially transparent or translucent, one or more optical 
sensors may be positioned to directly monitor the contents of 
the separation device to determine the amount of platelets 
therein. 
[01 OS] The many features of the present subject matt.er have 
been demonstrated by describing their use in separating 
whole blood into component parts for storage and blood 
component therapy. This is because the present subject matter 
is well adapted for use in carrying out these blood processing 
procedures. It should be appreciated, however, that the 
described features equally lend themselves to use in other 
blood processing procedures and the present disclosure is not 
limited to any particular blood processing procedure. 
(0106] It will be m1derstood that the embodiments 
described above are illustrative of some oft he applications of 
the principles of the present subject matter. Numerous modi­
fications may be made by those skilled in the art without 
departing from the spirit and scope of the cla.imed subject 
matter, including those combinations of features that are indi­
vidually disclosed or claimed herein. For these reasons, the 
scope hereof is not limited to the above description but is as 
set forth in the following claims, and it is understood that 
claims may be directed to the feamres hereof, including as 
combinations of features that are individually disclosed or 
claimed herein. 

1. A blood processing method comprising: 
conveying blood into a blood separation device; 
detem1i.ning the amount of platelets in the blood ancVor in 

the blood separation device: 
predicting the likelihood of platelet aggregation in the 

blood separation device based at least in part on the 
determined amount of platelets; and 

adjusting an operational parameter if the predicted likeli­
hood of platelet aggregation in the blood separation 
device approaches, meets, or exceeds a predetermined 
value. 

2 . The metl1od of claim 1, wherein said adjustjng an opera­
tional parameter includes conveying an amount of anticoagu­
lant into the blood and/or the blood separation device. 

3 . The method of claim 1, further comprising continuously 
adding anticoagulant to the blood at an anticoagulant flow 
rate, wherein said adjusting an operational parameter 
includes adding anticoagulant to the blood at a different anti­
coagulant flow rate. 

4. The method of claim 1, further comprising continuously 
adding anticoagulant to the blood at an anticoagulant flow 
rate, wherein said adjusting an operational parameter 
includes adding anticoagulant to the blood at an elevated 
anticoagulant flow rate. 

5. The method of claim 1, wherein said conveying blood 
into a blood separation device includes continuously drawing 
blood from a blood source at a draw flow rate and adding 
anticoagulant to the blood, wherein said adjusting an opera­
tional parameter includes drawing blood from the blood 
source at a different draw flow rate. 
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6. l11e method of claim 1, wherein said conveying blood 
into a blood separation device includes continuously drawing 
blood from a blood source at a draw flow rate and adding 
anticoagulant to the blood, wherein said adjusting an opera­
tional parameter includes drawing blood from the blood 
source at a decreased draw flow rate. 

7. The method of claim 1, wherein said conveying blood 
into a blood separation device includes continuously drawing 
blood from a blood source at a draw flow rate and continu­
ously adding anticoagulant to the blood at an anticoagulant 
flow rate, wllerei.t1 said adjusting au operational parameter 
includes drawing blood from the blood source at a decreased 
draw flow rate and adding anticoagulant to the blood at an 
elevated anticoagulant flow rate. 

8. The method of claim 1, wherein said determining the 
amount of platelets in the blood and/or in the blood separation 
device includes optically detecting the amount of platelets in 
the blood and/or in the blood separation device. 

9. The method of claim 1, wherein said determining the 
amount of platelets in the blood and/or in the blood separation 
device includes calculating the amount of platelets in the 
blood and/or in the blood separation device. 

10. 111e method of claim 9, wherein the amount of platelets 
is calculated as a ftl!lction of the ammmtofblood, the platelet 
concentration of the blood, and/or the mean platelet volllllle 
of the blood. 

11. The method of claim 1, wherei.t1 said adjusting an 
operational parameter includes the injection of a bolus of 
anticoagulant into the blood separation device. 

12. A blood separation system comprising: 
a device adapted for separating a blood component from 

blood, the device including an inlet for passing fluid 
thereinto and an outlet for removing fluid therefrom; 

a pump system for moving fluid through the system; and 
a controller, wherein the controller is programmed to 

actuate the pump system to convey blood into the device; 
determine the amount of platelets in the blood and/or in 

the device; 
predict the likelihood of platelet aggregation in the 

device based at least in part on the detemtined amount 
of platelets; and 

adjust the operation of the pump system if the predicted 
likelihood of platelet aggregation in the device 
approaches, meets, or exceeds a predetermined value. 

13. l11e blood separation system of claim 12, forther com­
prising an antkoagulant source, wherein the controller is 
programmed to adjust the operation of the pump system to 
convey an amount of anticoagulant from the anticoagulant 
source into the blood and/or the device if the predicted like­
lihood of platelet aggregation rn the device approaches, 
meets, or exceeds a predetem1ined value. 

14. TI1e blood separation system of claim 12, forther com­
prising an anticoagulant source, wherein the controller is 
programmed to 

actuate the pump system to contrnuously add anticoagulant 
to the blood at an anticoagulant flow rate, and 

adjust the operation of the pump system to add anticoagu­
lant to the blood at a different anticoagulant flow rate if 
the predicted likelihood of platelet aggregation in the 
device approaches, meets, or exceeds a predetermined 
value. 

15. The blood separation system of claim 12, further com­
prising an anticoagulant source, wherein the controller is 
programmed to 
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acniate the pump system to continuously add anticoagulant 
to the blood at an anticoagulant flow rate, and 

adjust the operation of the pump system to add anticoagu­
lant to the blood at an elevated anticoagulant flow rate if 
the predicted likelihood of platelet aggregation in the 
device approaches, meets, or exceeds a predetermined 
value. 

16. TI1e blood separation system of claim 12, ft.trther com­
prisrng an anticoagulant source, wherein the controller is 
programmed to 

actuate the pump system to continuously draw blood from 
a blood source at a draw flow rate, 

acn,ate the pump system to add anticoagulant to the blood, 
and 

adjust the operation of the pump system to draw blood from 
the blood source at a differeut draw flow rate if the 
predicted like lihood of platelet aggregation in the device 
approaches, meets, or exceeds a predetermined value. 

17. The blood separation system of claim 12, furthercom­
prisrng an anticoagulant source, wherein the controller is 
programmed to 

acniate the pump system to continuously draw blood from 
a blood source at a draw flow rate, 

acn1ate the pump system to add anticoagulant to the blood, 
and 

adjust the operation ofthe pump system to draw blood from 
the blood source at a decreased draw flow· rate if the 
predicted likelihood of platelet aggregation in the device 
approaches, meets, or exceeds a predetermined value. 

18. The blood separation system of claim 12, fttrthercom­
prising an anticoagulant source, wherein the controller is 
programmed to 

actuate the pwnp system to continuously draw blood from 
a blood source at a draw flow rate, 

acn,ate the pump system to continuously acid anticoagulant 
to the blood at an anticoagulant flow rate, and 

adjust the operation of the pump system to draw blood from 
the blood source at a decreased draw flow rate and acid 
anticoagulant to the blood at au elevated anticoagulant 
flow rate if the predicted Hkelihood of platelet aggrega­
tion in the device approaches, meets, or exceeds a pre­
determined value. 

19. The blood separation system of claim 12, further com­
prising an optical sensor associated with the device, wherein 
the controller is farther programmed to detenuine the amount 
of platelets in the blood and/or in the device by actuating the 
optical sensor. 

20. The blood separation system of claim 12, wllerein the 
controller is programmed to determine the amount of plate­
lets in ilie blood and/or in the device by calculating the 
amount of platelets in the blood and/or in the blood separation 
device. 

21. l11e blood separation system of claim 20, wherein the 
controller is programmed to calculate the amount of platelets 
as a function of the amount of blood, the platelet concentra-
60.11 of the blood, and/or the mean platelet volume of the 
blood. 

22. The blood separation system of claim 12, wllerei.t1 the 
controller is progralllllled to acniate the ptllllp system to add 
a bolus of anticoagulant to the blood if the predicted likeli­
hood of platelet aggregation in the device approaches, meets, 
or exceeds a predetem1ined value. 




