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(57) Abstract

The filter device (16) for removing leukocytes is disclosed. The outer housing (18) enclosing the filter pad assembly (20) includes
two sheets (44, 46) of flexible plastic material. The filter device (16) includes tangential side ports (36, 38) as an inlet and an outlet. The
filter pad assembly (20) includes a composite of three media regions (28, 30, 32) including non-contiguous layers (40) having an overall
thickness of greater than about 6 mm but not more than about 10 mm. Each non-contiguous layer (40) comprises an interlocked matrix of
polyester fibers, fiberglass fibers, and cellulose acetate fibrets. The matrix has a number average fiber diameter no greater than about 0.23

micron.




applications under the PCT.

AT
AU
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CcG
CH
Cl
CM
CN
Cs
cz
DE
DK

ES
FI

FR
GA

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international

Austria
Australia
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus
Canada

Central African Republic
Congo
Switzerland
Cote d’Ivoire
Camieroon
China
Czechoslovakia
Czech Republic
Germany
Denmark

Spain

Finland

France

Gabon

KR
KZ
LI
LK
LU
LV
MC
MD
MG
ML
MN

United Kingdom
Georgia

Guinea

Greece

Hungary

Ireland

Ttaly

Japan

Kenya

Kyrgystan
Democratic People’s Republic
of Korea
Republic of Korea
Kazakhstan
Liechtenstein

Sri Lanka
Luxembourg
Latvia

Monaco

Republic of Moldova
Madagascar

Mali

Mongolia

MR
MW
NE
NL
NO
NZ
PL

RO
RU
SD
SE
SI

SK
SN
D
TG
)

UA
Us

Mauritania
Malawi

Niger

Netherlands
Norway

New Zealand
Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Slovenia

Slovakia

Senegal

Chad

Togo

Tajikistan
Trinidad and Tobago
Ukraine

United States of America
Uzbekistan

Viet Nam




WO 95/17236 PCT/US94/14819

10

15

20

25

30

FILTRATION MEDIA AND DEVICE FOR FILTERING LEUKOCYTES

Field of the Invention:

The invention generally relates to blood
collection and processing systems and methods. In
a more particular sense, the invention relates to
systems and methods for removing leukocytes from red
blood cells before transfusion or long term storage.
Background of the Invention:

Most of the whole blood collected from do-
nors today is not itself stored and used for
transfusion. Instead, the whole blood is separated
into its clinically proven components (typically red
blood cells, platelets, and plasma), which are them-
selves individually stored and used to treat a
multiplicity of specific conditions and diseased
states. For example, the red blood cell component
is used to treat anemia; the concentrated platelet
component is used to control thrombocytopenic
bleeding; and the platelet-poor plasma component is
used as a volume expander or as a source of Clotting
Factor VIII for the treatment of hemophilia.

Plastic bags have met widespread use and
acceptance for collecting, processing and storing
these blood components.

In collecting whole blood components for
transfusion, it is desirable to minimize the
presence of impurities or other materials that may
cause undesired side effects in the recipient. For
example, because of possible febrile reactions, it
is generally considered desirable to transfuse red
blood cells substantially free of leukocytes,
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particularly for recipients who undergo frequent
transfusions.

One way to remove leukocytes is by washing

the red blood cells with saline. This technique is

5 time consuming and inefficient, as it can reduce the

number of red bldod cells available for transfusion.

Another way to remove leukocytes is by

filtration. Systems and methods for accomplishing

this in conventional blood bag systems are described

10 in Wisdom U.S. Patents 4,596,657 and 4,767,541, as
well as in Carmen et al U.S. Patents 4,810,378 and
4,855,063, Other systems and methods for removing

leukocytes in the blood bag systems are described in
Stewart U.S. Patent 4,997,577 and Stewart et al.

15 U.S. Patent 5,128,048. 1In these arrangements, an in
line filtration device is used.

A need still exists for further improved
systems and methods for removing undesired matter
like leukocytes from blood components before

20 transfusion or storage.
Summary of the Invention:

The invention provides a filtration media
for removing leukocytes from a blood suspension.
The media comprises non-contiguous layers having an

25 overall thickness of greater than about 6 mm but not
more than about 10 mm. Each non-contiguous layer
comprises an interlocked matrix of polyester fibers,
fiberglass fibers, and cellulose acetate fibrets.
The matrix has a number average fiber diameter no

30 greater than about 0.23 micron.

According to this aspect of the invention,
the number average diameter is calculated as
follows:

(i) deriving the 1length of each fiber

35 material present in the matrix, using the following
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equation:

40,
np,d;

L,

where:

y is the selected fiber (polyester,

fiberglass, and cellulose acetate fibrets);
5 L; is the length of the selected fiber
(in cm);
| Q; is the weight fraction of the
selected fiber (expressed as a decimal; e.g., 10% =
0.1);

10 T is 3.1417;

d; is the diameter of the selected
fiber (in cm); and

p; is the density of the selected
fiber (in g/cm®); and '

15 where:

the diameter of the cellulose acetate
fibrets (which presents a complex fiber structure
that cannot be readily measured by conventional
means) is derived according to the following

20 equation:

d =-% X AW
where:

d is the diameter of the cellulose
acetate fibrets (in cm, or, by multiplying cm by
10,000, in microns);

25 p 1is the density of the cellulose
acetate from which the fibrets are formed (in
g/cm3); and

A/W is the area-to-weight ratio of the
cellulose acetate fibrets (in cmz/g); and
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(ii) deriving the number average diameter
of all fibers present in the matrix by adding
together the product of the length L; (expressed in
cm) and diameter divided by the length L; (in cm/qg)

5 for each fiber, using the following equation:
1L, x d;
XL,

where:

' i is the fiber;

L; is the length of the fiber (in cm);
d; is the diameter of the fiber (in
10 cm) .

It has been determined that the number
average fiber diameter, as calculated above, can be
used to correlated various physical and performance
characteristics of the complex leukodepletion media.

15 A number average fiber diameter of no more than
about 0.23 micron, as calculated above, correlates
with an acceptable log reduction of leukocytes in
whole blood at an acceptable whole blood flow rate.

Other features and advantages of the inven-

20 tion will become apparent upon review of the
following description, drawings, and appended
claims.

Brief Description of the Drawings:

Fig. 1 is a schematic view of a blood col-

25 lection assembly that embodies the features of the
invention;

Fig. 2 is an exploded perspective view of
the filter device that is associated with the
assembly shown in Fig. 1, showing the filter pad

30 assembly and surrounding housing;

Fig. 3 is an exploded side section view of
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the first, second, and third media regions of the
filter pad assembly shown in Fig. 2;

Fig. 4 1is a side section view of the
formation of the peripheral seal about the first,
second, and third media regions to create the filter
pad assembly usiﬁg an ultrasonic sealing tool;

Fig. 5 is a side view of the composite
filter pad assembly that is formed in Fig. 4;

Fig. 6 is an exploded perspective view of
the assembly of the filter housing to the composite
filter pad assembly using a radiofrequency welding
tool;

Fig. 7 is a perspective view of the filter
device that is formed in Fig. 6;

Fig. 8 is a fragmentary cross-sectional
view taken centrally through a port in the wall of
the filter device of Fig. 7;

Fig. 9 is a fragmentary view of sheet of

- material showing an initial step in the manufacture

of the port shown in Fig. 8;

Fig. 10 is a fragmentary view showing a
further step in the manufacturing of the port shown
in Fig. 8;

Fig. 11 is a fragmentary view showing the
finished port in the filter device;

Fig. 12 is a central sectional view showing
the components in the manufacture of the port prior
to heating thereof;

Fig. 13 is a sectional view of the
components shown in Fig. 12 during the heating step;

Fig. 14 is a sectional view taken along
line 14-14 of Fig. 13;

Fig. 15 is a table, calculated according to
one aspect of the invention, showing the number
average fiber diameters for complex filtration media
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comprising given weight percentages of polyester
fiber/core sheath; fiberglass fiber; and cellulose
acetate fibrets;
Fig. 16 charts the number average fiber
5 diameter of the complex media (x-axis) against mean
flow pore size ky-axis) of the media based upon
empirical data, showing a trend that correlates
these two structural characteristics;
Fig. 17 charts the number average fiber
10  diameter of the media (x-axis) against the flow time
of whole blood (y-axis) through the media, based
upon empirical data, showing a trend that correlates
the structural characteristic (fiber diameter) with
an expected performance characteristic (flow time);
15 and
Fig. 18 charts the mean flow pore size (x-
axis) of the media against the log depletion of
leukocytes in whole blood (y-axis) passed through
. the media, based upon empirical data, showing a
20 trend that correlates the physical characteristic
(mean flow pore size) with an expected performance
characteristic (leukocyte depletion).
The invention may be embodied in several
forms without departing from its spirit or essential
25 characteristics. The scope of the invention is
defined in the appended claims, rather than in the '
specific description preceding them. All enm-
bodiments that fall within the meaning and range of
equivalency of the claims are therefore intended to
30 be embraced by the claims.
Description of the Preferred Embodiments:
A blood collection assembly 10 is shown in
Fig. 1. In the illustrated embodiment, the assembly
10 serves ﬁo filter leukocytes from red blood cells
35 before transfusion.
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In the embodiment shown in Fig. 1, the
assembly 10 includes a transfer bag or container 12.
The transfer bag 12 includes integrally attached
transfer tubing 14. In the illustrated embodiment,
the tubing 14 carries a conventional blood bag spike
26 at its distal end. As will be discussed later,
other types of aseptic or sterile connectors can be
used.

The transfer tubing 14 also carries an in
line filter device 16. As Figs. 2 and 7 best show,
the filter device 16 includes a two part housing 18
that encapsulates a filter pad assembly 20. The pad
assembly 20 is intended to be used to remove
leukocytes from red blood cells.

The system 10 further includes a vent path
22. The vent path 22 also leads to the transfer bag
12, but it bypasses the filter device 16.

The vent path 22 includes an in line one
way valve 24. The valve 24 allows flow through the
path 22 from the transfer bag 12 toward the spike
26, but blocks flow through the path 22 from the
spike 26 tbward the transfer bag 12.

The bag 12 and tubing 14/22 associated with
the assembly 10 can be made from conventional ap-
proved medical grade plastic materials, such as
polyvinyl chloride plasticized with di-2-ethylhexyl-
phthalate (DEHP). Conventional "Y" or "T" connec-
tors 28 can be used to form the branched paths
14/22.

In use, the spike 26 is inserted into a
port of a conventional primary blood collection bag
(not shown). The primary bag contains red blood
cells, which have been earlier separated from whole
blood by centrifugation.

The red blood cells flow by gravity from
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the primary bag into the transfer tubing 14 and
through the filter device 16. The filter pad
assembly 20 removes leukocytes from the red blood
cells as they pass through the device 16.

The one way valve 24 prevents parallel flow
through the vent path 22.

The red blood cells, with all or a portion
of the leukocytes removed, exit the filter device 16
and enter the transfer bag 12.

Once the primary bag connected to the spike
26 empties and flow has stopped, the user clamps the
transfer tubing 14 immediately above and below the
filter device 16. The user then manually squee:zes
the transfer bag 12 to express air from it. The air
flows through the vent path 22, bypassing the
filtration device 16, back toward the primary bag
16.

The user then removes the clamps above and.
below the filter device 16. The air pressure now
resident in the assembly 10 upstream of the filter
device 16 urges residual red blood cells through the
filter device 16 and into the transfer bag 12.

The transfer bag 12 can now be detached
from the assembly 10 for storing or transfusing the
leukocyte-depleted red blood cells.

The detachment can be accomplished using a
conventional heat sealing device (for example, the
Hematron® dielectric sealer sold by Baxter
Healthcare Corporation), which forms a hermetic,
snap-apart seal in the transfer tubing 14 somewhere
downstream of its junction with the vent path 22.

In an alternative arrangement (not shown) ,
instead of the spike 26, the transfer tubing 14 can
carry a sterile connection device that mates with a
sterile connection device carried by the primary

PCT/US94/14819
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bag. The user brings the mating sterile connection
devices together at time of use. Sterile connection
devices that could be used for this purpose are
shown in Granzow et al. U.S. Patents 4,157,723 and
4,265,280.

Alternatively, the sterile connection can
be accomplished in the manner described in Spencer
U.S. Patent U.S. 4,412,835. 1In this arrangement, a
seal is formed between a region of the transfer
tubing 14 and a tube carried by the primary bag.

Further details of the filter device 16
will now be discussed.

The Filtration Device

The filter device 16 can be variously

constructed.

In the illustrated and preferred embodiment

(best shown in Figs. 2 and 7), the outer housing 18

enclosing the filter pad assembly 20 comprises two
sheets 44 and 46 of flexible plastic material. The
housing 18 is thus "soft," instead of rigid.

Also in the illustrated and preferred
embodiment, the filter device 16 includes tangential
side ports, one port 36 (in sheet 44) serving as an
inlet and the other port 38 (in sheet 46) serving as
an outlet.

The ports 36 and 38 are arranged about 180
degrees apart on opposite flow sides of the filter
device 16 (see Figs. 1 and 2). This orientation
facilitates the set up and use of the filter device
18 in gravity flow conditions, as Figs. 1 and 7
show.

The tangential, oppositely spaced ports 36
and 38 allow the direct attachment of transfer
tubing 14 without kinking or bending. The
tangential, oppositely spaced ports 36 and 38 also

PCT/US94/14819
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allow the filter device 16 to hang in a vertical
position during use. This vertical position allows
air trapped in the filter device 16 to vent through
the filter pad assembly 20 during priming,
preventing air entrapment and the need for auxiliary
air vents.

Further details of the ports 36 and 38 will
be described later.

The flexible housing 18 avoids the handling
and processing problems rigid filter housings have
presented in-the.past. Unlike a rigid housing, the
flexible housing 18 will not puncture associated
bags, which are also made of flexible plastic
materials. Unlike a rigid housing, the flexible
housing 18 conforms and is compliant to stress and

_pressures induced during use.

The flexible sheet 44 on the inlet side of
the filter device 16 expands under the fluid head
pressure of gravity flow. It thus creates a natural
pressure manifold, which evenly distributes the
fluid across the inlet face of the filter pad
assembly 20. This assures that entrapped air is
vented and that the fluid flows through the filter
pad assembly 20 wunder uniform pressure and
distribution.

When the distance between the filter device
16 and the source container is at a determinable
amount (approximately 0.75 meter), the fluid head
pressure within the inlet side is sufficient for the
filter device 12 to become self-priming. The user
is not required to "squeeze prime" the filter device
16, by squeezing the source container.

As the fluid container empties, negative
pressure is created downstream of the filter device
16. Because the inlet and outlet sheets 44 and 46

PCT/US94/14819
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of the housing 18 are flexible, they will collapse
around the space occupied by the filter pad assembly
20. Fluid drains from the outlet side without the
use of an auxiliary air vent.

Furthermore, the flexible housing 18 will
not crack during heat sterilization. The flexible
housing 18 also does not impede heat penetration
during heat sterilization processes. Instead, the
housing 18 accommodates uniform heat penetration
into the filter pad assembly 20.

In the illustrated and preferred embodiment
(as Fig. 3 best shows), the filter pad assembly 20
comprises a composite of three media regions
28/30/32.

The first media region 28 serves as a
prefilter. Its purpose is to remove microaggregates
of cellular blood components that can form in red
blood cells after collection.

The second media region 30 serves as a
leukocyte removal filter.

The third media region 32 serves as a
manifold. It keeps the downstream side of the
filter pad assembly 20 open to fluid flow, despite
the presenbe of a negative fluid head pressure that
pulls the downstream side of the flexible housing 18
(i.e., flexible sheet 46) in against the third media
region 32.

As Figs. 2 and 5 best show, a sealed region
34 joins the three media regions 28/30/32 at their
peripheries. At least one of the media regions
28/30/32 extends above and below the sealed
periphery 34. The region 34 is created by the
application of heat and pressure, as will be
described later.

In the illustrated and preferred embodiment

PCT/US94/14819
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(see Fig. 5), the pad assembly 20 is essentially
symmetrical with respect to the sealed region 34;
that is, the thickness of the filter pad assembly 20
that rises above the sealed reagion 34 is generally
the same as the thickness of the filter pad assembly
20 that extends below the sealed region 34.

The sealed region 34 comprises a rigid,
flat surface. It bonds the peripheries of the media
regions 28/30/32 to each other. This prevents fluid
being filtered from leaking past or bypassing one or
more of the media regions 28/30/32.

As will be described in greater detail
later, the rigid, flat surface the seal region 34
presents also presents a surface to which the
flexible housing 18 can be bonded.

The First Media Region

While the constituents of the first. media
region 28 can vary, in the preferred embodiment, the
first media region 28 comprises a needled assembly
of three non-woven polyester fiber mats. The region
28 has .an overall thickness of about 2 millimeters.

In the preferred embodiment, the fibers
differ in denier among the three mat layers. The
first mat layer comprises 1.0 denier polyester fiber
(available from Hoescht Corporation, as L30 Fiber).
The second mat layer comprises 1.5 denier polyester
fiber (available Hoescht Corporation, as 224 Fiber).
The third mat layer comprises 3.0 denier polyester
fiber (also available as Hoescht 224 Fiber).

Components for the needled assembly can be
purchased from Hoescht Corporation.

The Second Media Region

In the preferred embodiment (see Fig. 3),
the second media region 30 comprises five individual
layers 40 of a non-woven fiber media stacked one

PCT/US94/14819
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above the other.

In the preferred embodiment, each layer 40
of the second media region 30 has the same
composition. Each 1layer 40 comprises web of
interlocked polyester fibers, fiberglass fibers, and
cellulose acetate fibrets made in accordance with
the teaching of Heagle et al. U.S. Patent 5,190,657,
which is incorporated into this Specification by
reference.

While the thickness of each individual
layer 40 can vary, in the illustrated embodiment,
each individual layer 40 has a nominal thickness of
about 2 millimeters. The composite thickness of the
5 layer second media region 30 is therefore about 10
millimeters.

The precise composition and mix of the
fiber components within each layer 40 can vary. In
the preferred embodiment, the mix of interlocked
fibers in each layer 40 constitutes about 75% by
weight of 0.5 denier polyester fiber (made by Teijin
Corporation, Type TKO4N); about 10% By weight of
microglass fiber (made by Schuller Corporation, Type
Code 106); and about 5% by weight of cellulose
acetate fibrets (made by Hoechst Corporation).

The interlocked fibers in each layer 40 are
supported on a core sheath structure of polyolefin
fibers that constitutes about 10 percent by weight
of the layer (made by Chisso Corporation, Type EKC).

To reduce the incidence of particle
shedding, each layer 40 is preferably coated after
assembly by spraying with an acrylic emulsion. The
acrylic emulsion coating serves to significantly
reduce the incidence of particle shedding within the
pad assembly 20.

It has been observed empirically the

PCT/US94/14819
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emulsion that is sprayed on the layer 40 should not
constitute more than about 0.3% acrylic by volume.
The use of an emulsion that is greater than 0.3%
acrylic by volume has been observed to degrade the
leukocyte depletion capabilities of the layer 40.
It is believed that the degradation occurs because
the thickness of the coating applied to the fibers
begins to constrict the tortuous fluid paths through

~ the layer 40.

An acrylic volume of 0.3% or less in the
emulsion maximizes the intended anti-shedding effect
without compromising the 1leukocyte depletion
capabilities of the layer 40.

In the preferred embodiment, a 0.25%
percent acrylic emulsion made by Rohm and Haas (Type
HA8) is used. Each layer 40 so coated meets the
AAMI particle shedding requirements for filtration
devices.

It has also been determined that, to
maximize the leukocyte removal efficiency of the
second media region 30, a composite thickness for
the second region 30 should exceed about 6 mm but
should .not exceed about 10 mm. Preferably,
multiple. layers should be used to obtain this
composite nominal thicknesses.

A significant increase in leukocyte removal
is observed when four individual layers of 2mm
nominal thickness each are used, as compared to
three individual 2 mm layers. Still further
increases are observed when a fifth 2mm layer is
added.

The further addition of individual layers
beyond five (exceeding a total composite nominal
thickness about 10 mm) does not incrementally
increase leukocyte removal efficiencies. However,

PCT/US94/14819



WO 95/17236

10

15

20

25

30

35

- 15 -

above about 10 mm, increasingly significant
incremental decreases in flow rates through the pad
are observed that offset the increased removal
efficiencies.

It is believed that more than three, and
optimally five, individual layers of 2mm thickness
strike an effective balance between considerations
of flow rate and leukocyte removal efficiencies.

The five layer pad assembly for the second media

region meets AABB guidelines, which requires an
output volume that is at least 90% of the input
volume.

The five layer pad assembly also
effectively removes leukocytes from red blood cells,
providing as much as a 3 to 5 log reduction in the
number of leukocytes.

The Third Media Region

The third media region 32 comprises a fluid
manifold to promote uniform flow out of the filter
pad assembly 20 through the outlet port 38.

In use, gravity flow through the filter
device 16 creates positive fluid head pressure on
the upstream side of the housing 18 (i.e, the sheet
44, which faces the first media region 28). This
positive pressure causes the upstream sheet 44 of
the flexible housing 18 to flex outward, 1like a
balloon.

In use, a negative fluid head develops on
the downstream side of the housing 18 (i.e., the
sheet 46, which faces the third media layer 30) as
the fluid source empties. This negative pressure
causes the both the upstream and downstream sheets
44 and 46 to flex inward.

In the absence of the third media region
32, the inwardly flexed downstream sheet 46 would

PCT/US94/14819
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press directly against the downstream layer 40 of
the pad assembly 20, sealing it close. In other
words, in the absence of the third media region 32,
the negative head pressure would occlude the
downstream side of the flexible filter housing 18.

The third media region 32 interrupts the
occluding surface contact between the downstream
side of the housing and the second media region 30,
keeping the flow path open in the face of negative

 head pressure.

The third media region 32 can comprise an
embossed or textured surface on the inside surface
of the outlet sheet 46 of the housing 18.

In the illustrated embodiment, the third
media region 32 comprises a screen of woven mesh or
knitted fiber. The region 32 preferably comprises
a knitted layer of polyester fibers, like a 70
denier polyester knit made by DuPont (Type 34). _

As Fig. 3 shows, the first, second and
third media regions 28/30/32 are stacked one above
the other. As Fig. 4 shows, the regions 28/30/32
are fused together about their peripheries by
pressure and heat to form the seal 34 and the
essentially symmetric pad assembly 20 shown in Fiqg.
5.

In the illustrated embodiment, the pad
assembly 20 measures about 3.4 inches in overall
diameter (about the peripheral seal 34) and about .5
inch in overall height. The peripheral seal 34
itself measures about .044 inch in thickness and
about .226 inch in width.

Various techniques can be wused to
peripherally fuse the regions 28/30/32 together. 1In
the preferréd embodiment (as Fig. 4 shows), the
regions are welded together ultrasonically. The

PCT/US94/14819



WO 95/17236

10

15

20

25

30

35

- 17 -

operating ranges for making the sonic weld can vary
according to the materials used.

One representative embodiment wuses an
ultrasonic welder comprising a horn 35 and an anvil
37. The horn 35 is operated at 20 Khz, tuned in a
range from 100 to 300 watts. The horn 35 is
operated at a temperature of about 85 degrees
Fahrenheit, with a weld time of about 1.8 seconds;

~a hold time of about 3.0 seconds; a weld delay of

about 1.0 seconds; an afterburst of about .10
second; and a pressure of about 105 PSI.

The essential symmetry of the filter pad
assembly 20 maximizes the surface area available for
leukocyte removal, as the peripheral seal 34
occupies only a relatively small area of the overall
pad assembly 20.

 The essential symmetry of the pad assembly
20 also simplifies the final assembly of the pad
assembly 20 within the housing 18 of the filter

 device 16, as will be demonstrated shortly.

The Filter Housing

As Fig. 6 show, the filter device housing
18 comprises two sheets 44 and 46 of flexible,
inert, thermoplastic material. For example,
plasticized medical grade polyvinyl chloride
material can be used.

The sheets 44 and 46 are fused about their
periphery by the application of heat and pressure
against opposite sides of the peripheral seal 34 of
the filter pad assembly 20.

The sheet 44 overlies the first media
region 28 of the filter pad assembly 20. The sheet
46 overlies the third media region 32 of the filter
pad assembly 20. _

As Fig. 6A best shows, the fused perimeters

PCT/US94/14819
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of the sheets 44 and 46 form an integrated or
composite seal 48. The inner portion 49 of the seal
48 integrally bonds the material of the sheets 44/46
with the peripheral seal 34 of the filter pad
assembly 20. The outer portion 51 of the seal 48
bonds the material of the sheets 44/46 together.
The exterior of the sheets 44 and 46
conform about the symmetrical shape of the enclosed

- filter pad assembly 20.

The integrated seal 48 encapsulates the
filter pad assembly 20 between the housing sheets
44/46 in a straightforward, one step process.

The integrated seal 48 can be accomplished
in various ways. In the illustrated embodiment (see
Fig. 6), a radiofrequency (RF) welder comprising
upper and lower dies 53 and 55 (see Fig. 6) is used.

 The operating ranges for making the seal 48
can vary according to the materials used. For
example, one representative process uses a 12

- kilowatt RF generator and applies pressures between

the two dies 53 and 55 in excess of 1000 pounds to
Create the seal 48. Since the peripheral seal 34 of
the pad assembly 20 is not itself RF sealable, high
pressure must be used to integrally bond the plastic
sheets 46/48 to the seal 34 in the inner portion 49
of the seal 48, as Fig. 6A shows.

As before described, the filter device 16
includes the inlet port 36 and the outlet port 38.
The ports 36 and 38 are joined to the transfer
tubing 14 to conduct red blood cells into and out of
the filter device 16. _

In the illustrated and preferred
embodiment, the ports 36 and 38 are spaced away from
the integrated seal 48. The ports 36 and 38 also
extend tangentially with respect to the filter pad



WO 95/17236

10

15

20

25

30

35

- 19 -

assembly 20. The inlet port 36 is associated with
the sheet 44, while the outlet port 38 is associated
with the sheet 48.

The ports 36 and 38 are preformed in their
respective sheet 44/46 before making the integrated
seal 48. The téchnique of forming each port 36/38
in the sheets 44/46 is described in copending
related U.S. Patent Application Serial No.
08\121,344, filed September 14, 1993, and entitled
"Medical Container Port.

As bqth ports 36/38 are formed in the same
way, only the formation of the inlet port 36 will be
described in detail.

As seen in Figure 9, a slit 50 is formed in
sheet 44 at a location spaced from the periphery of
sheet 44. This slit 50 is made in the sheet 44
before it is integrally welded to the filter pad
assembly 20.

The slit 50 is made of a length to just
accept the outer diameter of a tube 52 of
thermoplastic material (see Fig. 10).

As seen in Figures 12 to 14, a pair of
opposed dies 54 and 56 are positioned on opposite
sides of slit 50 and tube 52. A mandrel 58 having
an outer diameter equal to the inner diameter of
tube 52 is inserted within tube 52, as seen in Figs.
12 and 13. The dies 54 and 56 are provided with
aligned concave recesses 60 and 62 that together
form a circular bore. Central grooves 64 and 66 are
formed in recesses 60 and 62, respectively.

The sheet 44, dies 54 and 56, tube 52, and
mandrel 58 are all brought together into the
position shown in Fig. 13. Preferably, a stop is
provided to accurately space the dies 54 and 56
apart from each other.

PCT/US94/14819



WO 95/17236

10

15

20

25

30

35

- 20 -

Radiofrequency (RF) energy is then applied
through dies 54 and 56 and mandrel 58 to soften the
thermoplastic material of tube 52 and sheet 44. The
dies 54 and 56, which remain relatively cool, act as
a mold for the softened material.

Material from tube 52 flows as indicated
into grooves 64 and 66 to form an enlargement of
material or ridge 68. The ridge 68 reinforces the
junction between tube 52 and slit 50 in the sheet
44,

A depression 70 of slightly decreased
thickness is also formed in the sheet 44 surrounding
the completed port 36. The resultant port 36 is,
thus, reinforced at its potentially weakest point
and is capable of withstanding substantial pressure.

After a brief -period of cooling, the

'thermoplastic material hardens sufficiently and dies

54 and 56 and mandrel 58 can be withdrawn.

Placement of the ports 36 and 38 on the
sheets 44 and 46 away from the integrated seal 48
eliminates the need to bring the ports 36 and 38
through the integrated seal 48. The port placement
further complements the straightforward, single step
sealing process for integrating the housing 18 and
the filter pad assembly 20.

In a preferred embodiment the invention,
each sheet 44 and 46 is formed of polyvinylchloride
having a thickness of about 0.015 inch. A port tube
52 having a wall thickness of about 0.02 inch, an
outside of about 0.228 inch and a length of about
0.75 inch is used. The mandrel 58 is preferably
about 0.003 inch smaller than the inner diameter of
the tube 52, and the mandrel 58 extends
approximately 3/10 of one inch beyond the end of the
tube 52.

PCT/US94/14819
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RF energy is applied for the dielectric
heating step through a switching mechanism which
first feeds the energy to the mandrel 58 and then to
the opposing dies 54 and 56. Preferably, a
mechanical stop is used to ensure that the two dies
are separated by about 0.012 inch. Since the dies
are not greatly heated by the dielectric heating,
they can be withdrawn after a brief cooling period.

In accordance with the invention, a tube 52
is generally preferred that has a wall thickness of
approximately 20-70% thicker than the sheet 44/46.
This ensures that an adequate amount of
thermoplastic material is available to form rib 40
in the finished port opening joint. It is also
preferred that slit 50 be no longer than the
diameter of the tube 52 thereby ensuring a tight
initial fit between the sheet 44 and tube 52,

The sheet 44/46 surrounding the port 36/38
is preferably at least 80% of the original thlckness
of the sheet 44/46. The wall of tube 52 is thlnned
to approximately 60-70% of its'original thickness.

The integrated housing 18 and filter pad
assembly 20 permits the manufacture of a strong,
fluid tight, yet flexible filter device 1s.
Characterizing the Leukocvte Depletion Media

Fibrous leukocyte depletion filter media
have in the past been characterized in terms of
their average fiber diameter. For example, Watanabe
et al. U.S. Patent 4,701,267 describes and claims a
leukocyte filter of a non-woven fabric where the

fibers of the fabric have an average diameter of
from 0.3 microns to less than 3 microns.

However, it is not possible to physically
measure and quantify the average fiber diameter of
a complex, multiple fiber matrix like that found in
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second media region 30, where leukocyte depletion
occurs. This is true, not only because of the
intricacy of the physical structure of the matrix,
but also because of the geometry of the fibrets that
form part of the matrix.

Keith ef al. U.S. Patent 4,274,914 further
describes the nature of the fibrets, which have also
been called "fibrillated particles." They typically
have overall lengths of less than about 1000 microns
and overall widths of about 0.1 to 50 microns. They
comprise fibers from which branches of fine mini-
fibers (called fibrils) radiate. The' fibrils are
extremely small, e.g., less than 0.01 microns in
diameter. It is not possible to physically measure
and then average the diameter of the multitude of
fibrils present in each layer 40.

Still, average fiber diameter remains one
characteristic useful for correlating physical
structure with desired performance criteria. _

One aspect of the invention provides a
methodology to quantify the aVerage fiber diameter
in complex multiple fiber matrixes, even when the
diameter of one or more of the fibers cannot be
physically ascertained.

The derivation procedure that embodies the
features of this aspect of the invention comprises
four steps.

STEP (1) determines the density and
diameter of those component fibers which can be
physically measured by conventional methods. In the
described implementation, density is expressed in
g/cm®’ and diameter is expressed in cm (or microns).
Still, other units of measurement can be used, as
long as they are consistently applied through the
derivation procedure.

PCT/US94/14819
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STEP (2) derives the diameter of each
component fiber for which diameter cannot be
physically measured by conventional methods. The
derivation relies upon the Area-to-Weight ratio

5 (A/W) for the fiber and the density of the polymer
of the fiber. A/W is expressed in cm?/g and density
is expressed in g/cm3®. STEP (2) then derives the
diameter of the fibers using the following equation:

=4 1
d 5 X AW
where:
10 d is the diameter of the fiber (in cm,

or, by multiplying cm by 10,000, in microns);

p is the density of the fiber (in
g/cm3); and
‘ A/W is the area-to-weight ratio of the
15 fiber (in cm?/q).

STEP (3) derives the length (in cm) of each
fiber material present in 1 gram of the matrix,
using the following equation:

40;
L, = >
np,d;
where:
20 ; is the selected fiber;

L; is the length of the selected fiber
(in cm);

Q; is the weight fraction of the
selected fiber (expressed as a decimal; e.g., 10% =

25 0.1);

m is 3.1417;

d; is the diameter of the selected
fiber (in cm); and

p; is the density of the selected
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fiber (in g/cm3).

The 1length L; can be expressed in
simplified terms as a ratio based upon the shortest
absolute fiber length present in the matrix. This
simplifying conversion avoids working with large
numbers (a consideration particularly when the
calculation is done manually) and is made by
dividing each fiber length by the length of the
shortest fiber present. The converted quantity is
dimensionless and is expressed terms of a number
length per unit length of the shortest fiber present
in the matrix. Alternatively, the length L; can be
retained in its unsimplified form (expressed in cm
per cm of the shortest fiber present) during the
calculation procedure.

STEP (4) derives the number average
diameter of all fibers present in the matrix by
adding together the product of the length L;
(expressed in cm) and diameter divided by the length
L; (in ecm/g), for each fiber, using the following

equation:
2L, x d;
XL,
where:

i is the fiber;

L; is the length of the fiber (in cm);

d; is the diameter of the fiber (in
cm) .

The following Example 1 applies the above-
described methodology to derive the average diameter
of the fibers present in an individual layer 40 of
the second media region 30.

EXAMPLE 1

PCT/US94/14819
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Each individual 1layer 40 comprises the
following fibers:

Polyester and Core Sheath -- 85% by
weight.

Fiberglass =-- 10% by weight.

Ceilulose Acetate Fibrets =-- 5% by
weight.

STEP (1): The density and diameter of the
polyester and fiberglass fibers can be ascertained
by conventional methods, as follows:

Fiberglass
Density = 2.5 g/cm3; and
Diameter = 0.000065 cm (.65

micron)
Polyester (including the core sheath)
Density = 1.38 g/cm3®; and
Diameter = 0.001 cm (10
microns).

STEP (2): The diameter of the cellulose
acetate fibrets fibers cannot be measured by
conventional methods. The diameter is thereby
determined based upon the area-to weight ratio of
cellulose acetate fibrets and the density of
cellulose acetate (each of which can be
conventionally determined), as follows:

Area-to-weight ratio of cellulose
acetate (for fibret fiber material): 200,000 cm?/g:
and

Density of cellulose acetate (for
fibret fiber material): 1.28 g/cm3

The calculated diameter of the fibrets
is 0.00001563 cm (.1563 micron).

STEP (3): The lengths of polyester;
fiberglass; and fibrets in 1 g of the layer 40 is
determined, as follows:

PCT/US94/14819
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The shortest fiber length is
polyester, which is calculated to be 784,639.5 cnm
per gram of the layer 40; and, if divided by its
length for simplification purposes, Lpolyester 15 1
cm; .

The fiber length of fiberglass is
calculated to be 12,060,463 cm per gram of the layer
40; and, if divided by the length of polyester
(784,639.5) for simplification purposes, Lriverglass
is 15.371 cm per cm of polyester fiber; and

The fiber 1length of fibrets is
calculated to be 204,000,000 cm per gram of the
layer 40; and, if divided by the length of polyester
(784,639.5) for simplification purposes, Leipret 1S
260.598 cm per cm of polyester fiber.

STEP (4): By adding together the product of
the length L; (expressed in cm/cm of polyester) and
diameter d;, divided by the length L; (expressed in
cm/cm of polyester) for each fiber (when "i"
constitutes polyester; then fiberglass; and then
fibrets), the number average fiber diameter of the
fibers present is each layer 40 is derived to be
0.0000219 cm (0.219 micron).

The change in the number average fiber
diameter for a given layer 40 in response to changes
in the relative weight percentages of the individual
fibers can be calculated and placed in a look-up
table format using a conventional computer
spreadsheet program.

Fig. 15 shows a representative look=-up
table, calculated according to the above identified
methodology, of the number average fiber diameters
for a media layer comprising polyester fiber/core
sheath (d = 10 microns and p = 1.38 g/cmd);
fiberglass (d = .65 micron and p = 2.5 g/cm®); and

PCT/US94/14819
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cellulose acetate fibrets (A/wW = 200,000 cm2/g and
p = 1.28 g/em3). Fig. 15 shows the change in
average number fiber diameter occasioned by changing
the weight percentages of fiberglass (y-axis) and/or

5 fibrets (x-axis), with the polyester/core sheath
comprising the rémaining percentage.

As the following Example 2 shows, the
number average fiber diameter defines a useful
characteristic for correlating physical structure

10 with performance in complex, multiple fiber
leukocyte depletion media. The number average fiber
diameter can serve as a predictor of expected
performance during the development of such complex
media. It can also serve as a practical quality

15 control parameter for monitoring the manufacture of
such complex media.

' EXAMPLE 2

Table 1 list the results of empirical tests

that measured changes in 1leukocyte depletlon (in

20 . whole blood), in mean flow pore size, and in whole
blood flow time in complex leukodepletion media
comprising polyester, fiberglass, and fibret fibers,
when assembled in pads of different thicknesses and
different number éverage fiber diameters.

25 TABLE 1
SAMPLE 1

Weight

Percent
30 Fiberglass 10%
CA Fibrets 5%
Polyester 75%
Core Binder 10%

No. Average ‘
35 Fiber Diameter .219 microns
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Thickness (mm) 2.1 2.1
Max. Pore Size 17.110 Microns

Min. Pore Size

2.529 Microns

Mean Flow Pore Size 5.028 Microns
As measured by Coulter™ Porometer II

Whole Blood Flow.

Time/35ml 86 min 127 min

Log Depletion 0.43 0.25
S8AMPLE 2

Weight

Percent

Fiberglass 7%

CA Fibrets 3%

Polyester 83%

Core Binder 7%

No. Average

Fiber Diameter .250 Micron
Thickness (mm) 1.9 2.1
Max. Pore Size 50 Microns

Min. Pore Size

4.067 Microns

Mean Flow Pore Size 8.295 Microns

PCT/US94/14819

As measured by Coulter™ Porometer II

Blood Flow

Time/35ml 39 min 46 min

Log Depletion 0.31 0.19
SAMPLE 3

Weight

Percent

Fiberglass 7%

CA Fibrets 3%

Polyester 83%
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Core Binder 7%
No. Average
Fiber Diameter .250 Micron
Thickness (mm) 2.2 2.4
Max. Pore Size 50 Microns
Min. Pore Siée 3.875 Microns

Mean Flow Pore Size 8.68 Microns

PCT/US94/14819

As measured.by Coulter™ Porometer II

Blood Flow

Time/35ml 42 min 66 min 38 min

Log Depletion 0.27 0.06 0.49
SAMPLE 4

Weight

Percent

Fiberglass 7%

CA Fibrets 7%

Polyester 73%

Core Binder 13%

No. Average

Fiber Diameter - .197 Micron

Thickness (mm) 2.5 2.2

Max. Pore Size 50 Micron

Min. Pore Size 2.721 Micron

Mean Flow Pore Size 5.412 Micron

As measured by Coulter™ porometer II

Blood Flow
Time/35ml 79 min 67 min
Log Depletion 0.41 0.42

SAMPLE S
Weight
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Percent
Fiberglass 13%
CA Fibrets 7%
Polyester 73%
Core Binder 7%
No. Average'
Fiber Diameter .206 Micron
Thickness (mm) 2.05 2.3 2.3
Max. Pore Size 13.72 Micron
Min. Pore Size 2.145 Micron

Mean Flow Pore Size 3.682 Micron
As measured by Coulter™ pPorometer II
Blood Flow

Time/35ml 329 min 405 min 204 min

Log Depletion 1.07 0.06 0.94
SAMPLE 6

Weight

Percent

Fiberglass 13%

CA Fibrets : 3%

Polyester 71%

Core Binder 13%

No. Average

Fiber Diameter +267 Micron

Thickness (mm) 2.15 2.35 2.1

Max. Pore Size 15.81 Microns

Min. Pore Size 2.721 Microns

Mean Flow Pore Size 4.836 Microns

As measured by Coulter™ Porometer IT
Blood Flow
Time/35ml "~ 159 min 327 min 132 min
Log Depletion 1.11 0.07 0.93
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Fiberglass

CA Fibrets
Polyester

Core Binder
No. Average
Fiber Diameter
Thickness (mm)
Max. Pore Size
Min. Pore Size
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SAMPLE 7

7%
5%
81%
7%

.213 Micron

2.5 2.1 2.3
25.49 Microns
3.49 Microns

Mean Flow Pore Size 6.565 Microns

As measured by Coulter™ pPorometer II

Blood Flow
Time/35ml
Log Depletion

Weight
Percent

Fiberglass

CA Fibrets
Polyester

Core Binder
No. Average
Fiber Diameter
Thickness (mm)
Max. Pore Size
Min. Pore Size

75 min 123 min 60 min
0.5 0 0.59

SAMPLE 8

7%
7%
76%
10%

.197 Micron
2.1 2,2
50 Microns
2.529 Microns

Mean Flow Pore Size 5.219 Microns

As measured by Coulter™ porometer IT

Blood Flow
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Time/35ml
Log Depletion

Weight

Percent
Fiberglass

CA Fibrets
Polyester

Core Binder
No. Average
Fiber Diameter
Thickness (mm)
Max. Pore Size
Min. Pore Size

Mean Flow Pore Size

- 32 =

98 min 136 nin
0.35 0.24

SAMPLE 9

10%
7%
76%
2%

.202 Micron
2 2.3
18.64 Micron
2.145 Micron
4.067 Micron

PCT/US94/14819

As measured by Coulter™ Porometer IT

Blood Flow
Time/35ml
Log Depletion

Weight

Percent
Fiberglass

CA Fibrets
Polyester

Core Binder
No. Average
Fiber Diameter
Thickness (mm)
Max. Pore Size
Min. Pore Size

250 min 146 min
0.46 0.86

EXAMPLE 10

7%
3%
77%
13%

.250 Micron
2.3 2.3
50 Microns
4.067 Microns
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Mean Flow Pore Size 7.526 Microns

As measured by Coulter™ Porometer II

Blood Flow
Time/35ml
Log Depletion

Weight

Percent
Fiberglass

CA Fibrets
Polyester

Core Binder
No. Average
Fiber Diameter
Thickness (mm)
Max. Pore Size
Min. Pore Size

37 min 35 min
0.21 0.36

SAMPLE 11

13%
3%
77%
7%

.267 Micron
2.2 2.4
20.48 Microns
2.914 Microns

Mean Flow Pore Size 5.412 Microns

As measured by Coulter™ Porometer II

Blood Flow
Time/35ml
Log Depletion

Weight

Percent

Fiberglass

CA Fibrets
Polyester

Core Binder
No. Average
Fiber Diameter

124 min 133 min
0.9 1

SAMPLE 12

13%

5%
72%
10%

.225 Micron

PCT/US94/14819
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2.3 2.3
18.64 Microns
2.336 Microns

Mean Flow Pore Size 4.643 Microms

PCT/US94/14819

As measured by Coulter™ Porometer II

Blood Flow
Time/35ml
Log Depletion

Weight
Percent
Fiberglass

CA Fibrets
Polyester

Core Binder
No. Average
Fiber Diameter
Thickness (mm)
Max. Pore Size
Min. Pore Size

151 121
0.49 0.56

SAMPLE 13

10%

3%
77%
10%

.259 Micron.

2.25 2
33.77 Microns
3.49 Microns

Mean Flow Pore Size 6.565 Microns
As measured by Coulter™ Porometer II

Blood Flow
Time/35ml
Log Depletion

Weight
Percent
Fiberglass
CA Fibrets
Polyester

101 min 59 min

0.3 0.46

SAMPLE 14

10%
5%
72%
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13%

«219 Micron
2.2 2.45
50 Microns
2.721 Microns

Mean Flow Pore Size 5.412 Microns

PCT/US94/14819

As measured by Coulter™ Porometer II

Blood Flow
Time/35ml
Log Depletion

Weight
Percent
Fiberglass

CA Fibrets
Polyester

Core Binder
No. Average
Fiber Diameter
Thickness (mm)
Max. Pore Size
Min. Pore Size

185 min 109 min

-0.07 0.65

SAMPLE 15

7%
7%
79%
7%

.197 Micron

2 2

50 Microns
3.106 Microns

Mean Flow Pore Size 5.989 Microns

92 min

0.57

As measured by Coulter™ Porometer IT

Blood Flow
Time/35ml
Log Depletion

Weight
Percent

76 min 57 min
0.25 0.36

SAMPLE 16
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Fiberglass

CA Fibrets
Polyester

Core Binder
No. Average
Fiber Diameter
Thickness (mm)
Max. Pore Size
Min. Pore Size

- 36 =

13%

7%
67%
13%

.206 Micron

2 2.5
14.69 Microns
2.145 Microns

Mean Flow Pore Size 3.875 Microns

PCT/US94/14819

As measured by Coulter™ Porometer II

Blood Flow
Time/35ml
Log Depletion

Weight

Percent
Fiberglass

CA Fibrets
Polyester

Core Binder
No. Average
Fiber Diameter
Thickness (mm)
Max. Pore Size
Min. Pore Size

270 min 208 min
0.47 0.97

SAMPLE 17

7%
5%
81%
7%

+213 Micron
2.3 2.4
33.77 Microns
3.297 Microns

Mean Flow Pore Size 5.989 Microns

As measured by Coulter™ porometer II

Blood Flow
Time/35ml
Log Depletion

72 min 81 min
0.43 0.17

Fig. 16 charts the number average fiber
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diameter of the layers (x-axis) against mean flow
pore size (y-axis), based upon the results listed in
Table 1. Fig. 16 shows a trend that correlates
these two structural characteristics.

Fig. ;7 charts the number average fiber
diameter of the layers (x-axis) against the flow
time of whole blood (y-axis), based upon the results
listed in Table 1. Fig. 17 also shows a trend that
correlates the structural characteristic (fiber
diameter) with an expected performance
characteristic (flow time).

Fig. 18 charts the mean flow pore size
(x-axis) against the log depletion of leukocytes in
whole blood (y-axis), based upon the results listed
in Table 1. Fig. 18 further shows a trend that
correlates the physical characteristic (mean flow

" pore size) with an expected performance

characteristic (leukocyte depletion).

Based upon Figs. 16 to 18, one. has a
reasonable basis to select a number average fiber
diameter of no more than about 0.23 micron as a
characteristic for the complex media layer. This
number average fiber diameter correlates with an
acceptable 1log reduction of leukocytes in whole
blood at an acceptable whole blood flow rate. .

More particularly, the 0.23 micron number
average fiber diameter correlates with a mean flow
pore size of about 5 to 6 microns, as the curve in
Fig. 16 shows. A mean flow pore size of 5 to 6
microns, in turn, correlates with region of
increasing leukocyte depletion on the curve shown in
Fig. 18. The 0.23 micron number average also
correlates with a region of stable, acceptable blood
flow time on the curve shown in Fig. 17.

By specifying a number average fiber

PCT/US94/14819
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diameter larger than 0.23 micron, one increases the
mean flow pore size of the media, as the curve is
Fig. 16 indicates. This, in turn, shifts expected
leukocyte depletion away from the more favorable
5 region on the leukocyte reduction curve (as Fig. 18
shows), with no expected corresponding favorable
shift in blood flow time (as Fig. 17 shows).
The follow claims set forth the features
of the invention.
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We Claim:

1. A filtration media for removing
leukocytes from a blood suspension comprising non-
contiguous layers having an overall thickness of
greater than about 6 mm but not more than about 10
mm and integraily sealed together about their
peripheries, each non-contigquous layer comprising a
matrix of polyester fibers, fiberglass fibers, and
cellulose acetate fibrets having a number average
fiber diameter no greater than about 0.23 micron,
calculated as follows:

(i) deriving the 1length of each fiber
material present in the matrix, using the following
equation:

40,

L; = >

where:
i 1s the selected fiber (polyester,
fiberglass, and cellulose acetate fibrets);
L; is the length of the selected
fiber (in cm); ' -
Q; is the weight fraction of the
selected fiber (expressed as a decimal; e.g., 10% =
0.1);
T is 3.1417;
d; is the diameter of the selected
fiber (in cm); and
p; is the density of the selected
fiber (in g/cm3®), and
where the diameter of the cellulose
acetate fibrets is derived according to the
following equation:
where:

PCT/US94/14819
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1

=4 1
d= 5 b's AW

d is the diameter of the cellulose
acetate fibrets (in cm, or, by multiplying cm by
10,000, in microns);

p is the density of the cellulose
acetate from which the fibrets are formed (in
g/cm3); and

A/W is the area-to-weight ratio of
the cellulose acetate fibrets (in cm?/g), and

(ii) deriving the number average diameter
of all fibers present in the matrix by adding
together the product of the length L; (expressed in
cm) and diameter divided by the length L; (in cm/g)
for each fiber, using the following equation:

XL, x d;
ELi K

where:
i is the fiber;
L; is the length of the fiber (in
cm) ;
d; is the diameter of the fiber (in
cm) .
2 A filter device for removing
leukocytes from a blood suspension comprising
a filtration media comprising non-
contiguous layers having an overall thickness of
greater than about 6 mm but not more than about 10
mm, each non-contiguous layer comprising a matrix of
polyester fibers, fiberglass fibers, and cellulose
acetate fibrets having a number average fiber
diameter no greater than about 0.23 micron,
calculated as follows:

PCT/US94/14819
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(i) deriving the length of each fiber
material present in the matrix, using the following

equation:
LYo
L; = 5
np,d;
where:
15 i is the selected fiber (polyester,

fiberglass, and cellulose acetate fibrets);

L; is the length of the selected
fiber (in cm);

Q; is the weight fraction of the

20 selected fiber (expressed as a decimal; e.g., 10% =
0.1);

7 is 3.1417;

, d; is the diameter of the selected

fiber (in cm); and

25 p; is the density of the selected
fiber (in g/cm®), and

where the diameter of the cellulose
acetate fibrets is derived according to the
following equation:

- d =-%- X -Z%ﬁ
30 where:

d is the diameter of the cellulose
acetate fibrets (in cm, or, by multiplying cm by
10,000, in microns);

p is the density of the cellulose

35 acetate from which the fibrets are formed (in
g/cm®); and

A/W is the area-to-weight ratio of
the cellulose acetate fibrets (in cm?/g), and

(ii) deriving the number average



WO 95/17236 PCTfUS94/l4819

- 42 -

40 diameter of all fibers present in the matrix by
adding together the product of the 1length L;
(expressed in cm) and diameter divided by the length
L; (in cm/g) for each fiber, using the following

equation:
YL, x d;
XL,
45 where:
i is the fiber;
L; is the 1length of the fiber (in
cm) ;

d; is the diameter of the fiber,

50 a housing encapsulating the filtration
media.



WO 95/17236 PCT/US94/ 14819

FI6.7




WO 95/17236 PCT/US94/14819

Fi16.2

44




WO 95/17236 PCT/US94/14819

3/9

FI16.3

FI16.4

777

Fl16.5 28\ ’/—20

- A
\ / ‘aw




WO 95/17236

FI6.6

PCT/US94/14819

F16.64

a4
49

/.—48

51

34
46




WO 95/17236

5/9
/
FlG‘ 7 /-/ B\
L _28
14
22
= (1.
36 |
70 \\ 64
8
68 'II" 48
16
' a9l Il«
) 51
4
i 0 20
| X3
i 34
" _", | 46

T —
-
)

“

‘\\‘\

PCT/US94/14819

F16.10
= a4

36




WO 95/17236 PCT/US94/14819

6/9
Y L
FI1G.13 4>

77 727 7 A

N | —54
44 lll;’///s AN 58

P 07777 27

7 SR |
=

{4 [
Y

IIII —_———

et 56
66 70
,44_“ 64 ™
>FI16.12
—
FI1G.14 -
54
44
56




PCT/US94/14819

WO 95/17236
g
FI16.15
FIBERGLASS

.00% 5.00% 10.00% 15.00% 20.00% 25.00%

 1.00% 0.378 0.398 0.418 0.434| 0447 ]| 0.458
2.00% 0.269 0.286 0.304 0.320 0,335 0.348

w 300% 0.23! 0.244( 0.259 0.272 0.285 0.296
E 4.00% 0.212 0.222 0.235 0.246 | 0.256 0.266
:t) 5.00% -0.201 0.209 0.219 0.229 0.238 0.247
§ 6.00% 0,193 0.200( 0.209 0.217| 0.225 0.233
§ 7.00% 0.187 0.194| 0.202 0.209 0.216 0.223
8 8.00% 0.183 0.189 0.196 0.202 0.209 0.215
9.00% 0.180 0.185 0.191 0.197| 0.203| 0.209
10,00% 0177 0.182 0.188 0.193 0.199! 0.204




WO 95/17236 PCT/US94/14819

Fi16.16

| B S S T | | SPRPUT WS NI SO SR U N W SR I

P
Lo

MEAN FLOW PORE SIZE (MICRONS)
(o)}

Tt

o8 OI9 02 02

022 023 024 025 026 027
NUMBER AVERAGE FIBER DIAMETER (MICRONS)

Fl6.17

08 0l9 02 02 022 023 024 025 026 027

1

NUMBER AVERAGE FIBER DIAMETER (MICRONS)



PCT/US94/14819

WO 95/17236

3%

og

1°T

(SNOYDIW)3IZIS 3HOd MO14 NVIW

oc Gl

9/9

&1 °914

NOIL3Nd30 901



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US94/14819

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(6) :BO1D 25/00, 29/50, 35/00, 35/30
US CL  :Please Sec Extra Sheet.

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

us. :

210/483, 488, 489, 491, 496, 505, 507, 508, 509; 428/192, 194, 224, 288, 296

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US, A, 5,190,657 (HEAGLE ET AL) 02 MARCH 1993, SEE| 1-2

ENTIRE DOCUMENT

\

Y US, A, 4,157,967 (MEYST ET AL) 12 JUNE 1979, SEE| 1-2

ENTIRE DOCUMENT
Y,P US, A, 5,290,449 (HEAGLE ET AL) 01 MARCH 1994, SEE| 1-2

ENTIRE DOCUMENT
[[] Further documents are listed in the continuation of Box C. [] see patent family annex.
hd Special categories of cited documents: T h&dncmﬂhhdlﬁetﬁemmn::lﬁlmldmorpmmy
A" mzﬁqhgﬂ“d&mwﬁhmmﬁaﬁ mﬂ'ﬁmﬁ?m citedfo ndeniand
"E' carlier document published oa or aflr the indernational filing date % document of particular relevance; tho claimed o e
L dm@whﬂﬂﬁmmd:mehﬂl)mwhﬁ; when the document is taken alone

spocial reason (s specified) v :omrlendofo involve an mvmﬂ:;p%mmomb:
‘0" dmnfe:m;lo-mnld'-ch-ne, use, exhibition or other combined with one or more other such documents, such combi
being obvious to a person skilled in the art

P mmhumﬁwmwwm "&" document member of the same patent family

Date of the actual completion of the international search

. | Date of mailing of the international search report

17 MAR 1995

22 FEBRUARY 1995
Name and mailing address of the ISA/US Authorized officery SN s
ggmnumoner ofghtenunnd'l'ndemnrh }Ll/é(f / /L g
x PCT
Washington, D.C. 20231 SUN UK 7
Facsimile No.  (703) 305-3230 Telephone No.  *(703) 308-2350

Form PCT/ISA/210 (second sheet)(July 1992)%




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US94/14819

A. CLASSIFICATION OF SUBJIECT MATTER:
USCL :

210/483, 438, 489, 491, 496; 505, 507, 508, 509; 428/192, 194, 224, 288, 296

Form PCT/ISA/210 (extra sheet)(July 1992)*




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

