Office de la Propriete Canadian CA 2502405 A1 2004/05/13

Intellectuell Intellectual P
du Canada_ Office T ey 2 502 405
g,rngags?:i‘:g:na " ﬁgﬁg‘?y‘éyaﬁ; " 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2003/10/24 (51) Cl.Int.’/Int.CI.Y BO1D 39/00

(87) Date publication PCT/PCT Publication Date: 2004/05/13 | (71) Demandeur/Applicant:

(85) Entree phase nationale/National Entry: 2005/04/13 PALL CORPORATION, US

86) N° demande PCT/PCT Application No.: US 2003/033700| (72) Inventeurs/Inventors:

o Shanee PPACAton 1O SOWEMIMO-COKER, SAMUEL, US;
(87) N° publication PCT/PCT Publication No.: 2004/039474 DELGIACCO, GERARD R.. US

(30) Prionte/Priority: 2002/10/25 (60/421,066) US (74) Agent: SMART & BIGGAR

(54) Titre : FILTRE POUR FLUIDES BIOLOGIQUES
(54) Title: BIOLOGICAL FLUID FILTER

(57) Abrégée/Abstract:
A biological fluid filter for processing biological fluids wherein the filter includes at least one porous leukocyte depletion filter element
comprising a plurality of layers of fibrous porous media, the element having a P8 of at least about 36.8 cm of water, Is disclosed.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




wO 2004/039474 A2 I 00O T A0 0 A0 00 0

CA 02502405 2005-04-13

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau

(43) International Publication Date

13 May 2004 (13.05.2004)

B0O1D 39/00

(51) International Patent Classification’:

(21) International Application Number:
PCT/US2003/033700

(22) International Filing Date: 24 October 2003 (24.10.2003)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

60/421,066 US

25 October 2002 (25.10.2002)

(71) Applicant (for all designated States except US): PALL
CORPORATION [US/US]; 2200 Northern Boulevard,
East Hills, NY 11548-1209 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): SOWEMIMO-
COKER, Samuel [US/US]J; 8 Colby Drive, Dix Hills, NY
11746 (US). DELGIACCO, Gerard, R. [US/US]; 196
Tibbets Road, Yonkers, NY 10705 (US).

(74) Agent: JAY, Jeremy, M.; Leydig, Voit & Mayer, Ltd., 700
Thirteenth Street, Suite 300, Washington, DC 20005 (US).

(54) Title: BIOLOGICAL FLUID FILTER

(10) International Publication Number

WO 2004/039474 A2

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, L.C,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG,
SK, SL., TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VN,
YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR,
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent
(BE, Bl, CFL, CG, CI, CM, GA, GN, GQ, GW, ML, MR,

NE, SN, TD, TG).

Published:
without international search report and to be republished

upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(57) Abstract: A biological fluid filter for processing biological fluids wherein the filter includes at least one porous leukocyte
depletion filter element comprising a plurality of layers of fibrous porous media, the element having a P8 of at least about 36.8 cm

of water, 1s disclosed.



CA 02502405 2005-04-13
WO 2004/039474 PCT/US2003/033700

1
BIOLOGICAL FLUID FILTER

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS
[0001] This patent application claims the benefit of U.S. Provisional Patent Application
No. 60/421,066, filed October 25, 2002, which 1s incorporated by reference.

FIELD OF THE INVENTION
[0002] This invention pertains to filters for treating biological fluid, preferably
leukocyte depletion filters for filtering biological fluids such as whole blood and blood
components.

BACKGROUND OF THE INVENTION
[0003] Blood contains a number of components, including red blood cells, platelets, and
plasma, as well as various types of white blood cells (leukocytes). Blood components may
be separated, and further processed, for a variety of uses, particularly as transtusion
products. Illustratively, red blood cells (typically concentrated as packed red blood cells),:
plasma, and platelets (typically concentrated as platelet concentrate), can be separately
administered to patients. Some components, e.g., plasma and/or platelets, can be pooled
before administration, and plasma can be further processed, e.g., fractionated to provide
enriched components for a variety of uses.
[0004] Some processing protocols include filtration to remove leukocytes from the red
cells, platelets and/or plasma. However, some filters fail to remove the desired level of
leukocytes, fail to provide the desired yield of one or more of the other components and/or
provide different results depending on the temperature and/or storage period of the fluid to
be filtered. Some filters have an undesirably large hold up volume, or cause processing
time to be increased.
[0005] The present invention provides for ameliorating at least some of the
disadvantages of the prior art. These and other advantages of the present invention will be
apparent from the description as set forth below.

BRIEF SUMMARY OF THE INVENTION
[0006] In one embodiment of the invention, a biological fluid filter is provided,
comprising at least one porous leukocyte depletion filter element comprising a plurality of
layers of fibrous media, the element having a P8 value of at least about 14.5 inches (about
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36.8 cm) of water, preferably, wherein the element has a pore diameter in the range of from
about 2 micrometers to about 6 micrometers.

[0007] In another embodiment, the invention provides a biological fluid filter
comprising at least one first leukocyte depletion filter element and at least one second
leukocyte depletion filter element, the first and second filter elements each comprising a
plurality of layers of fibrous media; the first leukocyte depletion filter element having a
different basis weight than the second leukocyte depletion filter element, each filter element
having a basis weight of about 42 o/ft* (about 452 g/m”) or less, wherein at least one
element has a P8 value of at least about 14.5 inches (about 36.8 cm) of water.

[0008] A biological fluid filter according to another embodiment of the invention
comprises two first leukocyte depletion elements and a second leukocyte depletion filter
element, wherein the second filter element 1s interposed between, and adjacent to, the first
leukocyte depletion filter elements; the first and second filter elements each comprising a
plurality of layers of fibrous media; wherein the second filter element has a higher basis
weight and/or a lower P8 value than the adjacent first filter elements. In more preferred
embodiments, the second filter element also differs from the adjacent first filter elements
with respect to at least one of pore structure, average fiber diameter, average voids volume,
and number of layers.

[0009] In yet another embodiment, a biological fluid filter is provided, comprising a
first leukocyte depletion filter element and two second leukocyte depletion filter elements,
wherein the first filter element is interposed between, and adjacent to, the second leukocyte
depletion filter elements; the first and second filter elements each comprising a plurality of
layers of fibrous media; wherein the first filter element has a lower basis weight and/or a
higher P8 value than the adjacent second filter elements. In more preferred embodiment,
the first filter element also differs from the adjacent second filter elements with respect to at
least one of pore structure, average fiber diameter, average voids volume, and number of
layers. :

[0010] In preferred embodiments, the plurality of layers of fibrous media, and even
more preferably, the plurality of leukocyte depletion filter elements, are easily separable
from each other.

[0011] Filter devices including the filters, systems including the filters and filter
devices, and methods of using the filters, filter devices, and systems to leukocyte-deplete
biological fluid, preferably, whole blood, are also provided.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0012] Figure 1 1s a schematic view of an embodiment of a filter according to the
present invention, showing alternating leukocyte depletion filter elements, wherein a second
leukocyte depletion filter element is interposed between two first leukocyte depletion filter
elements.
[0013] Figure 2 is a schematic view of another embodiment of a filter according to the
present mnvention, showing alternating leukocyte depletion filter elements, wherein a first
leukocyte depletion filter element is interposed between two second leukocyte depletion
filter elements. |
[0014] Figure 3 1s a schematic view of an embodiment of a filter according to the
present invention, showing alternating first and second leukocyte depletion filter elements.
[0015] Figure 4 1s a schematic view of an embodiment of an embodiment of a system
for processing biological fluid including a leukocyte filter device according to the invention,
wherein an additional portion of filtered biological fluid can be recovered from the device.

10016] Figure 5 1s a schematic view of one system used in calculating P8 values.

DETAILED DESCRIPTION OF THE INVENTION
[0017] In an embodiment, a leukocyte depletion filter is provided, comprising at least
one porous leukocyte depletion filter element comprising a plurality of layers of fibrous
media, the element having a P8 value of at least about 14.5 inches (about 36.8 cm) of water.

Preferably, the leukocyte depletion filter element has a pore diameter in the range of from
about 2 micrometers to about 6 micrometers.

[0018] In another embodiment, a leukocyte depletion filter comprises at least one
porous leukocyte depletion filter element comprising a plurality of layers of fibrous media,
the element having a P8 in the range of from about 15 to about 18 inches (about 38.1 to
about 45.7 cm) of water, a pore diameter in the range of from about 2 micrometers to about
6 micrometers, and a basis weight in the range of from about 15 to about 30 g/ft* (about 161
to about 323 g/m?).

[0019] In accordance with another embodiment, a leukocyte depletion filter element is
provided, the element comprising a porous fibrous medium comprising at least three layers,
each layer having a basis weight in the range of from about 2.2 g/ft* to about 3.1 g/ft* (about
23.7 to about 33.3 g/m°) wherein the fibers have an average fiber diameter of about 3.5

micrometers or less, and wherein the element has a critical wetting surface tension of at
least about 75 dynes/cm (.75 erg/mm®).
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[0020] In preferred embodiments of the invention, a biological fluid filter is provided.
In one embodiment, the filter comprises at least one first porous leukocyte depletion filter
clement and at least one second porous leukocyte depletion filter element, the first and
second filter elements each comprising a plurality of layers of fibrous media; the first filter
element having a different basis weight and a higher P8 value than the second filter element;
at least one element having a P8 value of at least about 14.5 inches (36.8 cm) of water.
(0021} In a more preferred embodiment, the biological fluid filter comprises a plurality
of adjacent porous leukocyte depletion filter elements, each element comprising a plurality
of layers of fibrous media, wherein, for every pair of adjacent filter elements, the elements
differ with respect to at least one of basis weight, P8 value, pore structure, average fiber
diameter, average voids volume, and number of layers. More preferably, for every pair of
adjacent filter elements, the elements differ from each other with respect to at least one of
the P8 value and the basis weight. For example, in an illustrative embodiment, the
mmvention provides a biological fluid filter comprising at least one first leukocyte depletion
filter element and at least one second leukocyte depletion filter element, the first and second
filter elements each comprising a plurality of layers of fibrous media; the first leukocyte
depletion filter element having a different basis weight than the second leukocyte depletion
filter element, each filter element having a basis weighf of about 42 g/ft* (about 452 g/m?)
or less, wherein at least one element has a P8 value of at least about 14.5 inches (about 36.8
cm) of water.
[0022] In an embodiment, a biological fluid filter comprises at least three adjacent
porous leukocyte depletion filter elements, wherein, for the leukocyte depletion element
interposed between the adjacent leukocyte depletion filter elements, the interposed element
has at least one of a lower P8 value, a higher basis weight, a higher average voids volume, a
larger pore diameter, and a larger average fiber diameter, than that of the adjacent upstream
and downstream leukocyte depletion filter elements.
[0023] In yet another embodiment of the mnvention, a biological fluid filter comprises at
least three adjacent porous leukocyte depletion filter elements, each element comprising a
plurality of layers of fibrous media, wherein, for the leukocyte depletion element interposed
between the adjacent leukocyte depletion filter elements, the interposed element has at least
one of a higher P8 value, a lower basis weight, a lower average voids volume, a smaller
pore diameter, and a smaller average fiber diameter, than that of the adjacent upstream and
downstream leukocyte depletion filter elements.
[0024] A biological fluid filter according to another embodiment of the invention
comprises two first leukocyte depletion elements and a second leukocyte depletion filter
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element, wherein the second filter element is interposed between, and adjacent to, the first
leukocyte depletion filter elements; the first and second filter elements each comprising a
plurality of layers of fibrous media; wherein the second filter element has a higher basis
welght and/or a lower P8 value than that of each of the adjacent first filter elements. In
more preferred embodiments, the second filter element also differs from the adjacent first
filter elements with respect to at least one of pore structure, average fiber diameter, average
voids volume, and number of layers.
[0025] In yet another embodiment, a biological fluid filter comprises a first leukocyte
depletion filter element and two second leukocyte depletion filter elements, wherein the first
filter element is interposed between, and adjacent to, the second leukocyte depletion filter
elements; the first and secoﬁd filter elements each comprising a plurality of layers of fibrous
media; wherein the first filter element has a lower basis weight and/or a higher P8 value
than each of the adjacent second filter elements. In more preferred embodiment, the first
filter element also differs from the adjacent second filter elements with respect to at least
one of pore structure, average fiber diameter, average voids volume, and number of layers.
10026] In preferred embodiments, the plurality of layer of fibrous media, and in even
more preferred embodiments, the plurality of leukocyte depletion elements, are easily
separable from each other.
[0027] In accordance with another embodiment of the invention, the biological fluid
filter as described above is disposed in a housing to provide a leukocyte depletion device,
the housing having an inlet and an outlet and providing a fluid flow path between the inlet
and the outlet, wherein the filter is disposed in the housing across the fluid flow path.
[0028] In accordance with yet another embodiment of the invention, the biological fluid
filter as described above is disposed in a flexible container to provide a leukocyte depletion
device, the container having an inlet and an outlet and providing a fluid flow path between
the inlet and the outlet, wherein the filter is disposed in the flexible container across the
fluid flow path.
[0029] In another embodiment, two biological filters as described above are disposed in
a housing to provide a leukocyte depletion device, the housing having an inlet and an outlet
and defimng first and second fluid flow paths between the inlet and the outlet, wherein one
filter 1s disposed in the housing across the first fluid flow path, and the other filter is
disposed in the housing across the second fluid flow path. In an embodiment, the first
surface of the one filter opposes, and has at least a portion of the surface spaced apart from,
the first surface of the other filter, more preferably, wherein the device essentially lacks a
solid partition between the first and second filters. For example, the space between the
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filters, which typically has a dimension that changes (e.g., a tapered diametric
cross-sectional area), can be bounded on one side by the first filter, and bounded on the
other side by the second filter.

[0030] Embodiments of the invention are particularly suitable for filtering biological
fluids containing red blood cells, platelets, plasma and leukocytes, e.g., whole blood,
wherein high yields of leukocyte-depleted blood components, especially red blood cells and
platelets, are desired.

[0031] A method of processing biological fluid according to an embodiment of the
mvention comprises passing a leukocyte-containing biological fluid through a biological
tlud filter including at least one porous leukocyte depletion filter element comprising a
plurality of layers of fibrous media, the element having a P8 of at least about 14.5 inches
(about 36.8 cm) of water, to deplete leukocytes from the biological fluid. In a more
preferred embodiment, the biological fluid is passed through a biological fluid filter
comprising at least one first porous leukocyte depletion filter element and at least one
second porous leukocyte depletion filter element, the first and second filter elements each
comprising a plurality of layers of fibrous media; the first filter element having a different
basis weight and a higher P8 value than the second filter element; at least one element
having a P8 value of at least about 14.5 inches (about 36.8 cm) of water, to deplete
leukocytes from the biological fluid. In one preferred embodiment, the biological fluid
passed through the filter 1s whole blood.

[0032] The biological fluid to be filtered can be stored before filtration, if desired.
Typically, the biological fluid is filtered within about 24 hours of collection, and in some
embodiments, within about 8 hours of collection.

[0033] In accordance with another embodiment of the invention, a biological fluid
processing system is provided, the system comprising the biological fluid filter, more
preferably, the leukocyte depletion device, as described above, and at least one flexible
container, such as a blood bag, in fluid communication with the filter or device including
the filter. In a typical embodiment of the system, the system includes a biological fluid
recelving container comprising a flexible blood bag downstream of the outlet of the
leukocyte depletion device. In a more preferred embodiment, the system comprises a closed
system including at least two flexible blood bags.

[0034] Each of the components of the invention will now be described in more detail
below, wherein like components have like reference numbers.

[0035] In accordance with preferred embodiments of the invention, the filter includes at
least three filter elements (e.g., as illustrated as Figures 1-3), each element including two or
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more fibrous layers (more preferably, wherein the fibrous layers are easily separable, 1.¢.,
not tightly bound to one another), wherein for every three adjacent elements, the
intermediate element differs from the adjacent upstream and downstream elements with
respect to at least one of basis weight, P8 value, pore structure, average fiber diameter,
average voids volume, and number of layers. Even more preferably, the intermediate
element differs from the adjacent upstream and downstream elements with respect to at least
one of basis weight and P8 value.

[0036] The upstream and downstream elements adjacent the intermediate element can
have the same or different basis weight, P8 value, pore structure, average fiber diameter,
average voids volume and/or number of layers, wherein that feature or combination of
features is different than the feature or combinations of features of the intermediate element.
[0037] This can be illustrated using Figures 1-3 for reference, wherein each Figure
shows a schematic view of a filter including at least three elements, each element including
a plurality of layers. Figure 1 shows a filter element 2 (a second filter element), interposed
between two filter elements 1 (two first filter elements). Figure 2 shows a filter element 1
interposed between two filter elements 2. Figure 3, showing four filter elements, shows a
filter element 2 interposed between two filter elements 1, and also shows a filter element 1
interposed between two filter elements 2.

[0038] In embodiments wherein filter element 2 is interposed between two filter
elements 1 (as shown in Figures 1 and 3), filter element 2 differs from the adjacent elements
1 with respect to at least one of basis weight, P8 value, pore structure, average fiber
diameter, average voids volume, and number of layers. Filter elements 1 can have the same
or different basis weight, P8 value, pore structure, average fiber diameter, average voids
volume, and/or number of layers, wherein that feature or combination of features 1s different
than the feature or combinations of features of interposed filter element 2. For example,
filter element 2 can have a P8 value of about 12 inches (about 30.5 cm) of water, and both
filter elements 1 can have a P8 value of about 15 inches (about 38.1 cm) of water, or
elements 1 can have different P8 values for the respective elements, e.g., about 14.5 mches
(about 36.8 cm) of water for one element, and about 15 inches (about 38.1 cm) of water for
the other element. Alternatively, or additionally, filter element 2 can have, for example, a
basis weight in the range of from about 32 to about 35 g/ ft* (about 344 to about 376 o/m?)
and both filter elements 1 can have a basis weight in the range of from about 22 to about 23
g/ft* (about 237 to about 301 g/m?) or filter elements 1 can have different basis weights,
e.g., in the range of from about 23 to about 25 o/ft* (about 247 to about 269 g/m”) and in the
range of from about 26 g/ ft? to about 28 g/ft* (about 280 to about 301 g/m?) respectively.
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[0039]  Similarly, m those embodiments wherein filter element 1 is interposed between
two filter elements 2 (as shown in Figures 2 and 3), filter element 1 differs from the
adjacent elements 2 with respect to at least one of basis weight, P8 value, pore structure,
average fiber diameter, average voids volume, and number of layers. Filter elements 2 can
have the same or different basis weight, P8 value, pore structure, average fiber diameter,
average voids volume, and/or number of layers, wherein that feature or combination of
teatures 1s different than the feature or combinations of features of interposed filter element
1. For example, filter element 1 can have a P8 of about 14.5 inches (about 36.8 cm) of
water, and both filter elements 2 can have a P8 value of about 12 inches (about 30.5 cm) of
water, or elements 2 can have different P8 values for the respective elements, e.g., about
11.5 inches (about 29.2 cm) of water for one element and about 13 inches (about 33 cm) of
water for the other element. Alternatively, or additionally, filter element 1 can have, for
example, a basis weight in the range of from about 23 to about 27 g/ft* (about 247 to about
290 g/m®) and both filter elements 2 can have a basis weight in the range of from about 31
to about 39 g/ft* (about 333 to about 419 g/m®) or filter elements 2 can have different basis
weights, e.g., in the range of from about 32 to about 35 g/ft* (about 344 to about 376 o/m®)
and in the range of from about 37 g/ft* to about 39 g/ft* (about 398 to about 419 g/m”)
respectively.
[0040] The filter can have any number of first and/or second elements, and either
element can be the most upstream or downstream. The filter can include alternating and
non-alternating filter elements.
[0041] In one more preferred embodiment, the filter includes a plurality of alternating
first and second elements, e.g., first element, second element, first element, second element
(e.g., as shown m Figure 3), wherein the first elements each have a greater P8 value and/or a
lower basis weight than the P8 value and/or basis weight for the second elements.
[0042] Without being limited to any particular mechanism, it is believed the alternating
arrangement provides a plurality of flow paths for the various blood components, allowing
more efficient separation of the components from each other (while retaining leukocytes)
and more efficient passage of the desired components. Additionally, or alternatively, while
the mechanism is not understood, and without being limited thereby, it is believed this
arrangement may reduce platelet activation (thus, increasing the yield of optimum quality
filtered platelets), while increasing leukocyte activation and/or increasing activation of at
least one subset of leukocytes (thus, retaining a greater percentage of leukocytes as
activated leukocytes may be even more efficiently adsorbed by the filter element(s)).
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[0043] As noted above, 1n a preferred embodiment, each element comprises a plurality

of fibrous layers wherein the layers are easily separable from each other. In accordance
with the mvention, layers are easily separable from each other wherein, for example, the
major surfaces of the layers are not bound, or not tightly bound, to one another by, e.g.,
heating, calendering, and/or adhesives. Typically, for example, the contacting surfaces of
adjacent layers are not thermally or adhesively bound to each other, and the layers are not
calendered together. Illustratively, at least about 85%, preferably, at least about 95%, even
more preferably, at least about 98% of the surface area of the contacting surfaces of
adjacent layers are not bound to each other. While, for example, the outer edges or outer
perimeters of the major surfaces of the adjacent layers contacting each other can be
compressed together, the layers can be easily separated. In an even more preferred
embodiment, the filter elements are also easily separable from each other. Without being
bound to a particular mechanism, it is believed the use of unbound layers (and elements)
exposes the components of the biological fluid to more filter surface area, surprisingly
without unduly increasing the hold up volume of the filter.

[0044] In accordance with a preferred embodiment of a method for processing a
brological fluid according to the invention, a red blood cell- and/or platelet-containing
biological fluid, more preferably, a red blood cell and platelet-containing biological fluid,
even more preferably, whole blood, is passed through a biological fluid filter asq described
above, to provide a leukocyte-depleted biological fluid.

[0045] In a more preferred embodiment, the filtered leukocyte-depleted biological fluid
i1s obtained in a closed system. Even more preferably, the leukocyte-depleted biological
fluid 1s further processed, typically, including centrifugation, e.g., to separate various
leukocyte-depleted biological fluid components, for example, to provide leukocyte-depleted
packed red blood cells (PRC), leukocyte-depleted platelet concentrate (PC) and/or
leukocyte-depleted plasma.

[0046] Some embodiments of the invention provide leukocyte-depleted biological fluid
(e.g., at least one of PRC, PC, and plasma) wherein the leukocyte-depleted biological fluid
has less than 5 x 10° residual leukocytes per unit of biological fluid, and an embodiment can
provide less than 1 x 10° residual leukocytes per unit of biolo gical fluid.

[0047]  Preferred embodiments of the invention provide leukocyte-depleted (leukocyte
reduced) PRC, PC, and plasma, wherein these blood components have less than 5 x 10°
residual leukocytes per unit of blood component, and wherein at least 75% of the units of
PC have at least 5.5 x 10° platelets per unit. In more preferred embodiments, at least 90%
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of the units of PC have at least 5.5 x 10'° platelets per unit and have less than 5 x 10°
residual leukocytes per unit.
[0048] Some embodiments of the invention provide leukocyte reduced PRC, PC, and
plasma wherein these blood components have less than 1 x 10° residual leukocytes per unit
of blood component, and wherein at least 75% of the units of PC have at least 6 x 10"
platelets per unit.
10049] In accordance with embodiments of the invention, these results can be obtained
in accordance with, for example, PRP processing at room temperature, as well as “buffy
coat” processing and the use of cooling plates, and with stored and with fresh blood.
[0050]) The following definitions are used in accordance with the invention.
[0051] Biological Fluid. A biological fluid includes any treated or untreated fluid
associated with living organisms, particularly blood, including whole blood, warm or cold
blood, and stored or fresh blood; treated blood, such as blood diluted with at least one
physiological solution, including but not limited to saline, nutrient, and/or anticoagulant
solutions; blood components, such as platelet concentrate (PC), platelet-rich plasma (PRP),
platelet-poor plasma (PPP), platelet-free plasma, plasma, fresh frozen plasma (FFP),
components obtained from plasma, packed red cells (PRC), transition zone material or buffy
coat (BC); blood products derived from blood or a blood component or derived from bone
marrow; stem cells; red cells separated from plasma and resuspended in physiological fluid
or a cryoprotective fluid; and platelets separated from plasma and resuspended in
physiological fluid or a cryoprotective fluid. The biological fluid may have been treated to
remove some of the leukocytes before being processed according to the invention. As used
herein, blood product or biological fluid refers to the components described above, and to
similar blood products or biological fluids obtained by other means and with similar
properties.
[0052] A "unit" 1s the quantity of biological flmid from a donor or derived from one unit
of whole blood. It may also refer to the quantity drawn during a single donation. Typically,
the volume of a unit varies, the amount differing from pzitient to patient and from donation
to donation. Multiple units of some blood components, particularly platelets and buffy coat,
may be pooled or combined, typically by combining four or more units. In accordance with |
some embodiments of the invention, more than one unit can be separately passed through
the biological fluid filter.
[0053] As used herein, the term “closed” refers to a system that allows the collection
and processing (and, if desired, the manipulation, e.g., separation of portions, separation
into components, filtration, storage, and preservation) of biological fluid, e.g., donor blood,
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blood samples, and/or blood components, without the need to compromise the integrity of
the system. A closed system can be as originally made, or result from the connection of
system components using what are known as “sterile docking” devices. Illustrative sterile
docking devices are disclosed in U.S. Patent Nos. 4,507,1 19, 4,737,214, and 4,913,756.
[0054] In accordance with the invention, a specific method of measuring pressure drop
1s used that normalizes both the weight and the voids volume of a sample of fibrous media,
permitting meaningful comparisons between different samples. This method yields a value,
called P8, that can be used to characterize filter layers and filter elements. As a result, the
filter elements (and thus, the filters) can be optimized in a well defined manner for
particular applications.
[0055] The P8 value 1s determined using a test apparatus connected to an adjustable test
Jig assembly (e.g., an illustrative jig assembly and an illustrative test apparatus are shown
schematically in Figure 5) having a standardized area and volume. The illustrated test
apparatus 500 mcludes a cleanup filter 502, an on/off valve 503, a pressure regulator 504, at
least one pressure gauge 505, a flow meter 506, a flow control (needle) valve 507, and a
pressure measuring device 508 (e.g., an electronic pressure sensor). Compressed air is
passed from a tank 501 through the test apparatus 500 into the j1g assembly 400 that
contains the fibrous sample to be tested.
[0056] The illustrated jig assembly 400 includes a measuring gauge 401 (1llustrated as a
digital measuring gauge), an adjusting screw 402, a top assembly 403, a bottom assembly
404, and support screens 405. The fibrous sample to be characterized is placed between the
support screens 405 and the jig assembly is adjusted.
[0057] By way of an example, the adjustable jig assembly is set initially to a gap of
0.080 1nches (the “8” in P8). For a jig assembly 3.059 inches in diameter, the volume of the
space 1n the jig is: :
[0058] (3.059 inches)” x (7/4) x (0.080 inches) x (16.4 cm’/in’) = 9.64 cc.
[0059] T'o normalize the volume of fibers in the jig assembly, the volume of the space in
the jig 1s multiplied by the solids fraction (SF) of the test sample. For a test sample having
an average voids volume of 84.7%, the SF is (100% - 84.7%) or 15.3%. Multiplying the SF
(0.153) by the jig assembly volume (9.64 cc) provides the cc’s of fibers required to fill the
volume of space in the jig assembly, in this example, 1.475 cc (= 0.153 x 9.64 cc) of fibers
are required.
[0060] S0, for samples made from the resin polybutylene terephthalate (PBT) which has
a density of 1.356 g/cc, the density (1.356 g/cc) multiplied by the cc’s of fibers required to
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fill the space in the jig assembly (1.475 cc) provides the target weight of sample, in this
case, 2 grams.
[0061] Layers of media made from PBT fibers are cut and stacked until the weight of
the stack comes a close as possible to the target weight of 2 grams. Illustratively, since the
area in the jig assembly is nearly 1/20 of a square foot (.051 ft*), multiplying the basis
weight of the sample media (in g/ft*) by 1/20 provides the weight in grams per layer. For
example, for a filter layer having a basis weight of 2.9 g/ft*, multiplying the basis welight by
1/20 ft° provides 0.145 grams/layer. Multiplying the target weight of 2 grams by 1/0.145
grams/layer equals 13.79 layers.
[0062] In this examﬁle, 13.79 1s not an integral number of layers, so a more convenient
number can be chosen. This can be done while providing meaningful results because the
thickness (t) of the jig opening (initially set at 0.080 inches) can be scaled to match the
actual weight used as follows:
[0063] t = (actual weight in grams/2 grams) x 0.080 inches.
[0064] Accordingly, the desired number of layers are placed in the jig assembly,
compressed air is passed through the test apparatus in accordance with the manufacturer’s
Instructions (e.g., as described in Example 1, below), and the delta P is measured.
[0065] To obtain the P8 value (in this example, the target weight is 2 grams):
[0066]} P8 = (target weight/actual disc weight) x (measured delta P).
[0067] The target weight for testing various materials, e.g., polymers, can be calculated
as shown 1n the following Table (listing illustrative resins). Other materials suitable for use
with biological fluids can be selected as is known in the art. Since the method for
measuring pressure drop and providing the P8 value is easily scalable, one of ordinary skill
in the art recognizes that the target weight for any material can be within a given range.
Illustratively, the target weight for PBT can be, for example, from about 1 to about 2.5

grams.
[0068] | i ' '
Resin | Density (g/cc) _ Target Weight (g) |
Polyethylene 1.33 2.0
| terephthalate |
PED) | ]
Polypropylene | 091 1.3 )
| Polyurethane | 1.16 1.7 -
Nylon 6 R 1.13 | 1.7
Nylon 66 ) 1.14 1.7 i
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[0069] In accordance with preferred embodiments of the invention, at least one
leukocyte depletion filter element has a P8 value of at least about 14.5 inches (about 36.8
cm) of water, more preferably, a P8 value of at least about 15 inches (about 38.1 cm) of
water.

[0070} In more preferred embodiments of the invention, wherein a biological fluid filter
is provided, having at least two leukocyte depletion filter elements wherein each filter
element has a plurality of layers of fibrous media, at least one leukocyte depletion filter
element has a P8 value of at least about 14.5 inches (about 36.8 cm) of water (even more
preferably, a P8 value of at least about 15 inches (about 38.1 cm) of water, e.g., in the range
of about 15 inches (about 38.1 cm) to about 18 inches (about 45.7 cm) of water), and at least
one other leukocyte depletion filter element has a P8 value of about 13.5 inches (about 34.3
cm) of water or less (even more preferably, a P8 value of about 13 inches (about 33 cm) of
water or less, e.g., in the range of about 11 inches (about 27.9 cm) to about 13 mches (about
33 cm)).

[0071] In accordance with preferred elements of the invention, each of the leukocyte
depletion filter elements has a basis weight of about 42 o/ft* (about 452 g/m-) or less, more
preferably, about 40 g/ft* (about 430 g/m”®) or less. Typically, each of the leukocyte
depletion elements has a basis weight of at least about 8 g/ft* (about 86 g/m®).

(0072] In some embodiments of the immvention wherein a biological fluid filter 1s
provided comprising at least one first leukocyte depletion filter element and at least one
second leukocyte depletion filter element, at least one first leukocyte depletion filter
element has a P8 value of at least about 14.5 inches (about 36.8 cm) of water and a basis
weight of at least about 15 g/ft* (about 161 g/m?), e.g., in the range of from about 20 to
about 27 g/ft* (about 215 to about 290 g/m”) or, for example, 1 the range of from about 22
to about 25 g/ft* (about 237 to about 269 g/m*) or from about 26 o/ft* to about 27 o/ ft’
(about 280 to about 290 g/m?) and, at least one second leukocyte depletion filter element
has a P8 value of about 13 inches (about 33 cm) of water or less, and the element has a basis
weight 1n the range of from about 30 to about 39 o/ ft* (about 323 to about 419 g/m”) or, for
example, in the range of from about 31 to about 35 g/ft’ (about 333 to about 376 g/mz) or
about 37 g/ft* to about 39 g/ft* (about 398 to about 419 g/m?).

[0073] Preferably, each of the leukocyte depletion filter elements having a plurality of
fibrous layers according to the invention comprises at least 3 layers of fibrous media, more
preferably, at least 4 layers, even more preferably, at least 5 layers, and in some
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embodiments, at least 6 layers. Typically, the first leukocyte depletion filter element has a
greater number of layers than the second leukocyte depletion filter element.
[0074] In some embodiments comprising at least one first leukocyte depletion filter
element and at least one second leukocyte depletion filter element, the at least one first
leukocyte depletion element includes at least four layers of fibrous media, each layer having
a basis weight in the range of from about 2.2 g/ft* to about 3.1 g/ft’ (about 23.7 to about
33.3 g/m”) and the at least one second leukocyte depletion filter element includes at least
four layers of fibrous media, each layer having a basis weight in the range of from about 4.8
g/ft* to about 5.8 g/ft* (about 51.6 to about 62.4 g/m?).
[0075] The filter and filter element(s) can have any suitable pore structure, €.g., a pore
size (for example, as evidenced by bubble point, or by K, as described in, for example, U.S.
Patent No. 4,340,479), a pore rating, or a pore diameter (e.g., when characterized using the
modified OSU F2 test as described in, for example, U.S. Patent Nos. 4,925,572 and
5,229,012), that allows the passage therethrough of one or more components of interest as
the fluid 1s passed through the element. While it is believed leukocytes are primarily
removed by adsorption, they can also be removed by filtration. The pore structure can be
selected to remove at least some level of leukocytes, while allowing the passing
therethrough of desired components, e.g., at least one of red blood cells, platelets, and
plasma. The pore structure used depends on the composition of the biological fluid to be
filtered, and the desired effluent level of the filtered biological fluid.
[0076] In preferred embodiments, wherein the biological fluid to be treated includes red
blood cells, platelets and plasma, e.g., whole blood, each filter element has a pore diameter
(when characterized by the modified OSU F2 test) in the range of from about 2 to about 9
micrometers, more preferably, in the range of from about 2 to about 6 micrometers, even
more preferably, in the range of from about 3 to about 5 micrometers. In preferred
‘embodiments wherein the biological fluid to be treated includes red blood cells, platelets,
and plasma, the filter (i.e., including a plurality of filter elements), has a pore diameter in
the range of from about 1 to about 5 micrometers, more preferably, in the range of from
about 2 to about 4 micrometers.
[0077] The filter elements can have any desired critical wetting surface tension (CWST,
as defined in, for example, U.S. Patent Nos. 4,925,572 and 4,880,548). The CWST can be
selected as 1s known 1n the art, e.g., as additionally disclosed in, for example, U.S. Patent
Nos. 5,152,905, 5,443,743, 5,472,621, and 6,074,869. The filter elements can have the
same or different CWSTs, and filters having plurality of elements can have a plurality of
elements having the same and/or different CWSTs. Typically, at least one, and preferably,
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each of the filter elements, has a CWST of greater than about 75 dynes/cm (about 0.75
erg/mm°), more typically greater than about 82 dynes/cm (about 0.82 erg/mm”), and can
have a CWST of about 86 dynes/cm (about 0.86 erg/mm®) or more.
[0078] Preferably, each of the elements has a CWST 1n the range from about 80
dynes/cm to about 115 dynes/cm (about 0.80 erg/mm” to about 1.62 erg/mm®), e.g., in the
range of about 82 to about 100 dynes/cm (about 0.82 to about 1.00 erg/mm°). In some
embodiments, each of the elements has a CWST in the range of from about 85 to about 95
dynes/cm (about 0.85 to about 0.95 erg/mm®).
[0079] The surface characteristics of the element(s) can be modified (e.g., to affect the
CWST, to include a surface charge, e.g., a positive or negative charge, and/or to alter the
polarity or hydrophilicity of the surface) by wet or dry oxidation, by coating or depositing a
polymer on the surface, or by a grafting reaction. Modifications include, e.g., irradiation, a
polar or charged monomer, coating and/or curing the surface with a charged polymer, and
carrying out chemical modification to attach functional groups on the surface. Grafting
reactions may be activated by exposure to an energy source such as gas plasma, heat, a Van
der Graff generator, ultraviolet light, electron beam, or to various other forms of radiation,
or by surface etching or deposition using a plasma treatment.
[0080] In an embodiment, at least one leukocyte depletion filter element comprises a
fibrous medium that has been treated (e.g., surface modified) to include a high density of
hydroxyl groups, more preferably, to also include anionic groups, €.g., some carboxyl
groups as well as the high density of hydroxyl groups. In some embodiments, the first and
second filter elements comprise fibrous media that has been so treated.
[0081] For example, the first and/or second element can have a hydroxylated surface,
and in an embodiment, has a grafted coating comprising hydroxyl groups, €.g., comprising
an hydroxylated polymer, such as, but not limited to, an hydroxyl acrylate polymer. In
some embodiments including a hydroxylated polymer, the polymer further comprises
carboxyl groups, e.g., a copolymer including a hydroxyl-containing monomer and a
carboxyl containing monomer, such as, but not limited to, a copolymer of
hydroxyalkylacrylate and acrylic acid.
[0082] In an exemplary technique, at least one of a variety of monomers each
comprising an ethylene or acrylic moiety and a second group, which can be selected from
hydrophilic groups (e.g., -COOH, or -OH) are used, e.g., in radiation grafting. Grafting of
the medium can also be accomplished by compounds containing an ethylenically
unsaturated group, such as an acrylic moiety, combined with a hydroxyl group, e.g.,
monomers such as hydroxyethyl methacrylate (HEMA) or acrylic acid. The compounds
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containing an ethylenically unsaturated group may be combined with a second monomer
such as methacrylic acid (MAA). In an embodiment, the fibrous medium is surface
modified using a mixture including hydroxyl-terminated and carboxyl-terminated
monomers.
[0083] [llustrative compounds and groups, e.g., hydroxyl groups and carboxyl groups,
as well as 1llustrative medium treatment protocols include, but are not limited to, those
disclosed in U.S. Patent Nos. 5,152,905, 4,880,548 and 4,925,572, as well as International
Publication No. WO 91/04088.
[0084] In some embodiments, at least one element, and typically, both the first and
second filter elements, has a negative zeta potential at physiological pH (e.g., about 7 to
about 7.4). For example, the first and/or second filter element can have a zeta potential of
about —3 millivolts (mv), at physiological pH, or the zeta potential can be more negative,
e.g., In the range of from about —5 mv to about —25 mv. In some embodiments, the first
and/or second filter element has a zeta potential in the range from about —8 mv to about —20
myv at physiological pH. In some embodiments wherein both elements have a negative
zeta potential at physiological pH, one element can have a zeta potential that is more
negative than that of the other element.
[0085] Typically, each leukocyte depletion filter element in accordance with the
invention has an average fiber surface area, as determined by gas adsorption
(Brunauer-Emmett-Teller (BET) measurement), of at least about 0.8 m*/g, more preferably,
at least about 0.9 m*/g, even more preferably, at least about 0.95 m*/g.
[0086] Preferably, the average fiber diameter of the fibers in the leukocyte depletion
elements 1s about 5 micrometers or less (calculated from, for example, the average fiber
surface area), more preferably, about 4 micrometers or less, even more preferably, about 3.5
micrometers or less. Even more preferably, the leukocyte filter element or elements having
a P8 value of at least about 14.5 inches (about 36.8 cm) of water have fibers with an average
tiber diameter of less than 3 micrometers, e.g., in the range of from about 1.5 micrometers
to less than 3 micrometers, and the leukocyte filter element or elements having a P8 value of
about 13.5 inches (about 34.3 cm) of water or less have fibers with an average fiber
diameter of 3 micrometers or more, e.g., in the range of from 3 to about 5 micrometers.
[0087] Typically, each leukocyte depletion filter element has an average voids volume
of at least about 75%, in some embodiments, each element has an average voids volume of
at least about 85%.
{0088] A variety of materials can be used, including synthetic polymeric materials, to
produce the fibrous porous media of the filter elements according to the invention. Suitable
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synthetic polymeric materials include, for example, polybutylene terephthalate (PBT),
polyethylene, polyethylene terephthalate (PET), polypropylene, polymethylpentene,
polyvinylidene fluoride, polysulfone, polyethersulfone, nylon 6, nylon 66, nylon 6T, nylon
612, nylon 11, and nylon 6 copolymers, wherein polyesters, e.g., PBT and PET, are more
preferred. Typically, the fibrous porous media are prepared from melt-blown fibers. For
example, U.S. Patent Nos. 4,880,548; 4,925,572, 5,152,905, and 6,074,869, disclose porous
filter elements prepared from melt-blown fibers. |
[0089] The filter, comprising a plurality of filter elements, 1s disposed in a housing
comprising at least one inlet and at least one outlet and defining at least one fluid flow path
between the inlet and the outlet, wherein the filter is across the fluid flow path, to provide a
filter device. Preferably, the filter device is sterilizable. Any housing of suitable shape
to provide at least one inlet and at least one outlet may be employed.
[0090] Suitable housings include, but are not limited to, those disclosed m U.S. Patent
Nos. 4,880,548, 4,25,572 and 5,600,731.
[0091] In some embodiments, e.g., wherein the housing defines a first fluid flow path
and a second fluid flow path, and includes a first biological fluid filter across the first fluid
flow path and a second biological fluid filter across the second fluid flow path, suitable
housings include, for example, those disclosed in U.S. Patent No. 6,231,770 (that also
discloses suitable two filter configurations, as well as sealing the filters in the housing).
Typically, the first surface of the one filter opposes, and has at least a portion of the surface
spaced apart from, the first surface of the other filter, more preferably, wherein the device
essentially lacks a solid partition between the first and second filters. For example, the
space between the filters, which typically has a dimension that changes (e.g., a tapered
diametric cross-sectional area), can be bounded on one side by the first filter, and bounded
on the other side by the second filter. However, in other embodiments, the device can
include a solid partition between the first and second filters.
[0092] A variety of device housing shapes are suitable for use in the invention. For
example, the housing may be generally circular, oval, triangular, rectangular or square 1
shape. In some embodiments, e.g., wherein the filter device 1s part of a system including
one or more blood bags, and the system is centrifuged, a generally circular or oval planar
shape can be preferable. For example, a circular or oval planar device can be easier to fit in
the centrifuge cup with a plurality of blood bags, and/or the circular or oval shape
minimizes or eliminates corners that can contact and damage the blood bag during
centrifugation.
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[0093] The housing can be fabricated from any suitable rigid impervious material,
including any impervious thermoplastic material, which is compatible with the biological
fluid bemng processed. For example, the housing can be a polymer, more preferably a
transparent or translucent polymer, such as an acrylic, polypropylene, polystyrene, or a
polycarbonated resin. Such a housing is easily and economically fabricated, and allows
observation of the passage of the biological fluid through the housing.
[0094] The surfaces of the housing contacting the fluid may be treated or untreated. For
example, the surfaces of the housing contacting the fluid may be rendered liquophilic for
better priming. Methods for treating the surface of the housing include but are not limited
to radiation grafting and gas plasma treatment.
[0095] In another embodiment, the filter, comprising a plurality of filter elements, is
disposed iha flexible housing, e.g., a flexible container, comprising at least one inlet and at
least one outlet and defining at least one fluid flow path between the inlet and the outlet,
wherein the filter is disposed across the fluid flow path, to provide a filter device. Suitable
tflexible containers can be fabricated from, for example, polymeric materials such as films
1dentical to or similar to those used in forming blood bags, such as plasticized polyvinyl
chloride, plasticized ultra-high-molecular weight PVC resin, ethylene butyl acrylate
copolymer (EBAC) resin, ethylene methyl acrylate copolymer (EMAC) resin, and ethylene
vinyl acetate (EVA).
[0096] Typically, the filter device according to the invention is included in a biological
fluid processing system, e.g., a system including a plurality of conduits and containers,
preferably tlexible containers such as blood bags (e.g., collection bags and/or satellite bags).
In one preferred embodiment, a system according to the invention comprises a closed
system. A wide variety of suitable containers and conduits are known in the art. For
example, blood collection and satellite bags, and conduits, can be made from plasticized
polyvinyl chloride. Bags and/or conduits can also be made from, for example, ethylene
butyl acrylate copolymer (EBAC) resin, ethylene methyl acrylate copolymer (EMAC) resin,
plasticized ultra-high-molecular weight PVC resin, and ethylene vinyl acetate (EVA). The
bags and/or conduits can also be formed from, for example, polyolefin, polyurethane,
polyester, and polycarbonate.
[0097]  In one embodiment, the filter device is included in a biological processing
system that provides for filtration during donation, e.g., wherein anticoagulant is mixed with
the blood withdrawn from the donor during donation and the mixture is passed through the
filter into a container such as a blood bag.
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[0098] In accordance with embodiments of a method for processing a biological fluid
according to the mvention, a biological fluid, typically a red blood cell- and/or
platelet-containing biological fluid, preferably, a red blood cell and platelet-containing
biological fluid, even more preferably, whole blood, 1s passed through the biological fluid
filter, to provide a leukocyte-depleted biological fluid. In a more preferred embodiment, the
filtered leukocyte-depleted biological fluid 1s obtained in a closed system.
[0099] In accordance with embodiments of the invention, the leukocyte-depleted
biological fluid can be further processed, typically, including centrifugation, e.g., to separate
various leukocyte-depleted biological fluid components, for example, to provide
leukocyte-depleted packed red blood cells (PRC), leukocyte-depleted platelet concentrate
(PC) and/or leukocyte-depleted plasma suitable for storage.
[0100] In some embodiments, a portion of the biological fluid remaining 1n the
leukocyte depletion filter device after the matial filtration 1s subsequently recovered. For
example, one or more gas inlets and/or gas outlets can be utilized to vent the device and
allow additional fluid to be recovered. Alternatively, or additionally, fluid that 1s
compatible with the biological fluid can be introduced 1nto the filter device to loosen
desired components (e.g., platelets) and flush and/or displace some of the desired biological
fluid from the filter device to a desired location, e.g., into a recerving container downstream
of the filter device. Compatible fluids include, for example, saline, and anticoagulant
solutions (e.g., CPD, and CP2D). Fluid can be mtroduced into the filter device via, for
example, at least one of gravity, using a pump, and using an expressor (including, but not
limited to, the expressor disclosed in US Patent No. 5,690,815). The pump or expressor can
be disposed upstream or downstream of the filter.
[0101] In one embodiment, this fluid, hereinafter referred to as the “flushing fluid,” 1s
utilized with a filter according to the invention in an apheresis system (e.g., including, but
not himited to, the Baxter Fenwall Amicus® Separator, Baxter Fenwall CS 3000 plus,
Gambro BCT OrbiSac system, and the Haemonetics Corp. MCS® +) to flush and/or
displace some of the desired biological fluid from the filter.
[0102] In another embodiment, the flushing fluid 1s disposed in a container or a
compartment of a container that also contains sterile air, and the system is arranged such
that the flushing fluid 1s directed to the filter device to displace a volume of held up filtered
biological fluid, and the sterile air following the flushing fluid contacts the wetted filter.
Since the air will not pass through the wetted filter, tlow stops. In a more preferred
embodiment, the volume of flushing fluid is less than the hold up volume of the filter
device, and thus, flushing fluid will not be collected in the downstream receiving container.
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[0103] In some embodiments, the flushing fluid can be utilized in an automated protocol
to recover desired biological fluid.
[0104] Figure 4 shows an embodiment of a system for flushing or displacing fluid from
the filter device. In exemplary variations of the system (not shown), the collection bag can
include a compartment for the flushing fluid, or one of the satellite bags can be used for
both adding the flushing fluid, and containing a separated biological fluid component, e.g.,
leukocyte depleted plasma.
[0105] The following examples further illustrate the invention but, of course, should not

be construed as in any way limiting its scope.

EXAMPLE 1
[0106] This example demonstrates filters according to embodiments of the invention
efficiently leukocyte-deplete whole blood while providing a desirable yield of platelets, red
blood cells, and plasma.
[0107] A plurality of filters are prepared and arranged in housings to provide filter
devices. Each filter includes two first porous filter elements and two second porous filter
elements.
[0108] The P8 values listed below for the filter elements are determined according to
the equations and procedure described earlier, and using the test apparatus 500 and jig
assembly 400 shown schematically in Figure 5. A tank 501 of compressed air is attached to
the apparatus, that includes a cleanup filter 502, an on/off valve 503, a pressure regulator
504, at least one pressure gauge 505, a flow meter 506, a flow control (needle) valve 507,
and an electronic pressure sensor 508. The air is passed into a jig assembly 400 that
contains the filter elements to be tested and the delta P is measured.
[0109] Compressed air (approximately 100 psig) is passed through a cleanup filter,
through a valve (when the valve is in the on position) and through a pressure regulator, a
tlowmeter, a flow control valve, and to the jig assembly. In accordance with the
manufacturer’s instructions for proper calibration of the flowmeter (downstream of the
regulator), the regulator is set at 44 psig. The needle valve downstream of the flowmeter is
adjusted to provide a filter face velocity of 28 ft/min/ft*. Since, as described above, the area
of the jig assembly 1s 1/20th of a square foot, the needle valve is adjusted to provide a flow
rate of 1.4 standard cubic feet per minute (SCFM), which is 1/20th of 28 ft/min/ft*>. The
differential pressure is measured at 1.4 SCFM, and the P8 value is calculated.
[0110]  The first and second elements are produced from melt-blown polybutylene
terephthalate (PBT) fibers. The fibers are surface modified as described in U.S. Patent No.
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4,880,548 to provide first and second elements having a CWST of 91 dynes/cm (.91
erg/mm®).
[0111] The first elements each have 9 layers of fibrous PBT media, the fibers having an
average fiber diameter of 2.7 micrometers. The fibrous layers, that are easily separable from
each other (e.g., they not calendered, adhesively bound, or exposed to increased heat to bind
layers to each other), have a basis weight of 2.7 g/ft* per layer. The first elements each have
a thickness of 55.9 mils (about 1420 micrometers), an average voids volume of 85.3%, a
pore diameter (as determined by the modified OSU F2 test) of 3.8 micrometers, and a fiber
surface area (as determined by BET measurement) of 1.2 m*/g. The P8 value is 16 inches
of water.
[0112] The second elements each have 6 layers of fibrous PBT media, the fibers having
an average fiber diameter of 3 micrometers. The fibrous layers, that are easily separable
from each other (as described with respect to the first elements), have a basis weight of 5.2
g/ft” per layer. The second elements each have a thickness of 86.9 mils (about 2207
micrometers), an average voids volume of 87.7%, a pore diameter (as determined by the
modified OSU F2 test) of 4.2 micrometers, and a fiber surface area (as determined by BET
measurement) of .95 m*/g. The P8 value is 12 inches of water.
[0113] The elements are placed in an alternating arrangement as generally illustrated in
Figure 3: the most upstream element (the element that is first to be contacted by the blood),
being a first element, followed by a second element, a first element, and the most
downstream element (the last element to be contacted by the blood) being a second element,
to provide a filter. The elements are easily separable from each other. The filter has a
thickness of 281.6 mils (about 7153 micrometers).
[0114] Each filter is disposed in a housing wherein the filter is across the fluid flow path
between the inlet and the outlet, and units of anticoagulated whole blood (about 450 cc, plus
63 mL of Citrate Phosphate Double Dextrose (CP2D) anticoagulant), disposed in collection
bags at a head height of 30 inches (76.2 cm), are filtered at room temperature.
[0115] The filtered (leukocyte-depleted) units received in the downstream receiving
bags are centrifuged and separated according to standard North American blood bank |
procedures to provide packed red blood cells (PRC), plasma, and platelet concentrate (PC).
The concentrations of residual white blood cells (WBCs) in each of the three components
are determined via flow cytometry, and the following parameters are measured: platelet
activation, platelet extent of shape change (ESC), platelet hypotonic shock response (HSR),
red cell hemolysis, red cell deformability, and plasma hemoglobin content. Additionally,
the platelet count 1s determined for each unit of PC.
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[0116] The leukocyte-depleted blood components have less than 5.0 x 10° residual
leukocytes per unit, and over 75% of the units of PC have at least 5.5 x 10'" platelets per
unit. The measured parameters are normal.
[0117] This example shows whole blood can be efficiently leukocyte depleted via a
single leukocyte depletion filter, while providing leukocyte-depleted processed plasma, PC
and PRC, that meet and exceed the North American blc\)"éd processing standards.

EXAMPLE 2
[0118] This example demonstrates a portion of filtered blood remaining in the filter
housing after filtration can be recovered using a flushing solution and air.
[0119] Filter devices are prepared as described in Example 1, and arranged in a system
as shown in Figure 4. The system 100 includes a plurality <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>