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ABSTRACT

Filter assemblies are processing biological fluid, such as blood or a blood
component containing leukocytes. The filter assemblies include a flexible housing
with first and second walls. A filtration medium and a support member are at least
partially positioned between the walls of the housing, with a seal joining the walls
of the housing, the filtration medium, and the support member. The filter
assemblies may further include a pre-filter and/or a post-filter positioned between
the walls of the housing. If provided, the pre- and post-filter may be positioned on
opposite walls of the filtration medium, with the post-filter being a mesh positioned
between the filtration medium and one of the walls of the housing or within an
opening defined by the support member. A seal of the filter assembly may pass
through the filtration medium, with the filtration medium being substantially omitted

in a section of the seal.
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FLEXIBLE BIOLOGICAL FLUID FILTERS

DESCRIPTION

TECHNICAL FIELD

The present disclosure generally relates to filters used in the collection and

processing of blood and blood components or other biological fluids. More
particularly, the present disclosure relates to flexible "soft housing" filters and

methods for manufacturing such filters.

BACKGROUND

Using various manual and automated systems and methods, whole blood

is collected and separated into its clinical components (typically red blood cells,
platelets, and plasma). The collected components are typically individually stored
and used to treat a variety of specific conditions and diseased states.

Before transfusing the collected blood components to a recipient in need of
the components, or before subjecting blood components to treatment (such as,
but not limited to, pathogen inactivation), it is often desirable to minimize the
presence of impurities or other materials that may cause undesired side effects in
the recipient. For example, because of possible reactions, it is generally
considered desirable to reduce the number of leukocytes in blood components
before storage, or at least before transfusion (i.e., "leukoreduction").

Filters are widely used to accomplish leukoreduction in blood products
today (e.g., warm and cold filtration of leukocytes from whole blood, red cells,
and/or platelet products). Filters typically include a filter media disposed between
mating walls of a filter housing. Inlet and outlet ports associated with the housing
provide flow paths to and from the interior of the filter. The walls of the housing
may be made of a rigid, typically plastic, material, although filters including soft
housings are also known. Soft housing filters provide the advantage of being able
to withstand handling and centrifuging without breakage of the filter. Examples of
soft housing filters are disclosed in U.S. Patent No. 6,367,634; U.S. Patent No.
6,422 397; U.S. Patent No. 6,745,902; U.S. Patent No. 7,353,956; U.S. Patent No.

-1-

Date Regue/Date Received 2020-10-07



10

15

20

25

30

7,332,096; U.S. Patent No. 7,278,541; and U.S. Patent Application Publication
No. 2003/0209479. Due to the importance of filtering blood or blood components,
there exists an ongoing desire to improve the construction, performance, and

manufacturability of biological fluid filters.

SUMMARY

There are several aspects of the present subject matter which may be
embodied separately or together in the devices and systems described and
claimed below. These aspects may be employed alone or in combination with
other aspects of the subject matter described herein, and the description of these
aspects together is not intended to preclude the use of these aspects separately
or the claiming of such aspects separately or in different combinations as set forth
in the claims appended hereto.

In one aspect, a biological fluid filter assembly is provided. The filter
assembly includes a flexible housing having first and second walls. A filtration
medium is at least partially positioned between the first and second walls of the
housing. A seal passes through the filtration medium to define a perimeter within
the biological fluid filter assembly and joins the first and second walls of the
housing, with there being substantially no filtration medium present in a central
section of the seal along at least a majority of the extent of the perimeter defined
by the seal.

In another aspect, a biological fluid filter assembly is provided. The filter
assembly includes a flexible housing having first and second walls. A filtration
medium is at least partially positioned between the first and second walls of the
housing. A post-filter mesh is at least partially positioned between the filtration
medium and the second housing wall. A seal joins the first and second walls of
the housing.

In yet another aspect, a biological fluid filter assembly is provided. The
filter assembly includes a flexible housing having first and second walls, the first
wall including an inlet port and the second wall including an outlet port, with the
first and second walls being made of a plastic material. A filtration medium for
removing at least one substance from a biological fluid is at least partially
positioned between the inlet and outlet ports, with a pre-filter at least partially

positioned between the inlet port and the filtration medium. A mesh element
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having a mesh integrally formed with a frame is at least partially positioned
between the outlet port and the filtration medium, with the mesh element being
made of the plastic material. A seal is formed by integrating a section of the
filtration medium at or adjacent to its perimeter, a section of the pre-filter at or
adjacent to its perimeter, a section of the frame of the mesh element, and a
section of the first and second walls at or adjacent to their perimeter and over their
entire perimeter. The seal includes a central section consisting of a layer
consisting only of the plastic material of the first wall and having a thickness in the
range of approximately 90-100 micrometers, an intermingled layer in which the
plastic material of at least the first wall is intermingled with the pre-filter and having
a thickness in the range of approximately 170-200 micrometers, and an aggregate
in which the plastic material of at least the second wall and the frame are
intermingled and having a thickness in the range of approximately 840-900
micrometers.

In another aspect, a biological fluid filter assembly is provided. The filter
assembly includes a flexible housing having first and second walls. A filtration
medium is at least partially positioned between the first and second walls of the
housing. A post-filter mesh is at least partially positioned between the filtration
medium and the second housing wall and has a normalized air permeability at a
pressure difference of 125 Pa in the range of approximately 40 to approximately
800 cm?/s. More preferably, the normalized air permeability at a pressure
difference of 125 Pa is in a range of approximately 50 cm?/s — 400 cm?/s or, even
more preferably, in a range of approximately 70 cm?2/s — 150 cm?/s. A seal joins
the first and second walls of the housing.

In another aspect, a method is provided for manufacturing a biological fluid
filter assembly. The method includes providing a first flexible housing wall and a
second flexible housing wall. At least a portion of a filtration medium is positioned
between the housing walls. A seal that passes through the filtration medium is
formed to join the housing walls and define a perimeter within the biological fluid
filter assembly, with there being substantially no filtration medium presentin a
central section of the seal along at least a majority of the extent of the perimeter

defined by the seal.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a front elevational view of a biological fluid filter assembly

according to an aspect of the present disclosure;

Fig. 2 is a perspective, exploded view of the biological fluid filter assembly
of Fig. 1;

Fig. 3 is a front elevational view of a support member of the biological fluid
filter assembly of Fig. 1;

Fig. 3A is a front elevational view of the support member of Fig. 3,
incorporating a post-filter,

Fig. 4 is a side cross-sectional view of a portion of the biological fluid filter
assembly of Fig. 1,

Fig. 5 is a side cross-sectional view of a portion of another embodiment of
a biological fluid filter assembly according to an aspect of the present disclosure;

Figs. 6A-6C illustrate steps of an exemplary process for manufacturing
biological fluid filter assemblies according to the present disclosure;

Figs. 7A-7C illustrate steps of another exemplary process for
manufacturing biological fluid filter assemblies according to the present disclosure;

Fig. 8 is a cross-sectional view of a sealing die according to known design
that may be used to form an inner seal of a biological fluid filter assembly
according to the present disclosure;

Fig. 9 is a cross-sectional view of a sealing die that may be used to form an
inner seal substantially omitting filtration medium in a section thereof;

Fig. 10 is a detail view of a section of a biological fluid filter assembly prior
to forming an inner seal;

Fig. 11 is a cross-sectional view of the section of the biological fluid filter
assembly of Fig. 10, after having formed an inner seal substantially omitting
filtration medium in a section thereof; and

Fig. 12 is a cross-sectional view of an alternative sealing die that may be
used to form an inner seal substantially omitting filtration medium in a section

thereof.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

The embodiments disclosed herein are for the purpose of providing a

description of the present subject matter, and it is understood that the subject
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matter may be embodied in various other forms and combinations not shown in
detail. Therefore, specific embodiments and features disclosed herein are not to
be interpreted as limiting the subject matter as defined in the accompanying
claims.

Fig. 1 shows an exemplary embodiment of a biological fluid filter assembly
10 according to the present disclosure. As shown in Fig. 1, the filter assembly 10
may include an outer housing having first and second sides or walls 12 and 14
(Figs. 2 and 4), which may correspond to inlet and outlet sides for fluid flowing
through the filter assembly 10. In one embodiment, the first and second walls 12
and 14 of the filter housing may be separate sheets of flexible material (Figs. 2
and 6A-6C), which may be formed of a polyvinyl chloride (“PVC”) material or any
other suitable material (preferably a flexible, medical grade plastic material)
through which the biological fluid will not flow. In another embodiment, the first
and second walls 12 and 14 of the filter housing may be opposing faces of a
generally tubular piece of material 16 (Figs. 7A-7C) or two portions of a single
sheet of material that is folded onto itself.

Preferably, the inlet or first side 12 of the filter housing is provided with an
inlet port 18 (Figs. 1 and 2) and the outlet or second side 14 of the filter housing is
provided with an outlet port 20 (Figs. 1 and 4), with the ports 18 and 20 positioned
at least partially outside of the filter assembly 10 for connection to other
components of a fluid processing set by tubing or the like. The inlet and outlet
ports 18 and 20 may be secured to their associated walls of the filter housing by
any suitable means (e.g., being heat sealed thereto using radio-frequency
energy). The walls 12 and 14 of the filter housing are preferably each provided
with an opening or aperture with which the associated port communicates to allow
fluid flow into and out of the filter assembly 10. Fig. 2 shows an opening 22
formed in the first wall 12 and Fig. 4 shows an opening 24 formed in the second
wall 14 of the filter housing.

In the embodiment of Fig. 4, the outlet port 20 includes an extension or
projection or formation or spacer 26 which passes through the associated opening
24 and into an interior of the filter assembly 10. If provided, the spacer 26 may
serve to space or separate the outlet side 14 of the filter housing from an interior
component of the filter assembly 10 (such as a filtration medium) to prevent the

interior component from being pulled into contact with the outlet side 14 during
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filtration (due to a pressure differential), which can hinder fluid flow through the
filter assembly 10. Alternatively, an outlet port 28 may be provided without a
spacer (Fig. 5), in which case the filter assembly may or may not include a
separate spacer positioned within the filter assembly, adjacent to the outlet side
14 of the filter housing to separate the outlet side 14 from an interior component of
the filter assembly.

The inlet and outlet ports 18 and 20, 28 are preferably relatively rigid
compared to the filter housing, and may comprise molded components formed of
a plastic material, although other materials and manufacturing methods may be
employed without departing from the scope of the present disclosure.

A filtration medium 30 (Figs. 2 and 4) is at least partially positioned
between the two walls 12 and 14 of the filter housing. Preferably, the filtration
medium 30 is fully positioned within the filter housing when the filter assembly 10
is fully assembled, as in Fig. 1.

The filtration medium 30 may be variously configured, depending on the
nature of the substance(s) to be removed or separated from the biological fluid
passed through the filter assembly 10. For example, the filtration medium 30 may
be configured to remove a substance or substances from a biological fluid by
depth filtration or by a binding material that retains the targeted substance(s) while
allowing the other components of the biological fluid to flow through the filtration
medium 30. In an exemplary embodiment, the filtration medium 30 is configured
to separate leukocytes from blood or a blood component or some other leukocyte-
containing fluid by depth filtration, in which case the filtration medium 30 may be
formed of a fibrous or non-fibrous material having pores sized to trap leukocytes
within the filter assembly 30, while allowing other components of the biological
fluid to pass through. The filtration medium 30 may be formed of any suitable
material but, in one exemplary embodiment, is formed of a melt-blown, nonwoven,
fibrous material, such as a polybutylene terephthalate (“PBT”) material.

In one embodiment, the filtration medium 30 is formed from a plurality of
layers, which may be either substantially identical or differently configured. For
example, a multi-layer filtration medium may be comprised of a plurality of fibrous
layers, a plurality of non-fibrous layers, or a combination of fibrous layers and non-
fibrous layers. While a multi-layer filtration medium may be preferred for improved

filtration performance, it is also within the scope of the present disclosure for the
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filtration medium to be a single-layer component.

In addition to a filtration medium 30, at least a portion of a support member
may also be positioned between the walls 12 and 14 of the filter housing.
Preferably, the support member is fully positioned within the filter housing when
the filter assembly 10 is fully assembled (as in Fig. 1), between the filtration
medium 30 and the outlet or second side 14 of the filter housing.

The support member may be variously configured, but in the embodiment
of Figs. 14, the support member is provided as a frame 32. The frame 32 may be
variously configured, but is preferably configured as a planar or sheet-like
component with an outer perimeter having a shape that is congruent to the
filtration medium 30. Fig. 3 illustrates an embodiment of a frame 32 having a
generally rectangular outer perimeter, which matches the generally rectangular
configuration of the associated filtration medium 30. While it may be preferred for
the perimeter of the frame 32 to be substantially the same size and shape as the
associated filtration medium 30, it is also within the scope of the present
disclosure for the perimeter of the frame 32 to be differently sized (typically larger)
and shaped from the associated filtration medium 30.

As shown in Fig. 3, the frame 32 may define an opening or aperture 34,
which may be centrally or non-centrally located and either the same shape as the
outer perimeter of the frame 32 (as in Fig. 3) or a different shape. In other
embodiments, the frame may define a plurality of openings or apertures, which
may be similarly or differently configured. In a preferred embodiment, the frame
32 is formed of a material through which the biological fluid being filtered will not
pass, in which case the opening 34 or openings allow for the flow of fluid through
the frame 32.

As described above, the frame 32 may be formed of a material through
which the biological fluid being filtered will not flow. In one embodiment, the frame
32 is formed of a PVC material (e.g., the same material as is used to form the
housing), but other materials may be employed without departing from the scope
of the present disclosure. The frame 32 may be provided as a single-sheet or
single-piece component or as a multi-sheet or multi-piece, stacked component.

The filter assembly 10 may include additional components positioned
between the walls 12 and 14 of the housing. In the embodiment of Figs. 1-2 and

4, the filter assembly 10 includes a pre-filter 36 at least partially positioned

-7-

Date Regue/Date Received 2020-10-07



10

15

20

25

30

between the walls 12 and 14 of the filter housing. Preferably, the pre-filter 36 is
fully positioned within the filter housing when the filter assembly 10 is fully
assembled (as in Fig. 1), between the filtration medium 30 and the inlet or first
side 12 of the filter housing.

The pre-filter 36 may be variously configured, but is preferably configured
as a planar or sheet-like component with a shape that is congruent to the filtration
medium 30. In the illustrated embodiment, the pre-filter 36 has a generally
rectangular configuration, which matches the generally rectangular configuration
of the associated filtration medium 30 and frame 32. While it may be preferred for
the perimeter of the pre-filter 36 to be substantially the same size and shape as
the filtration medium 30, it is also within the scope of the present disclosure for the
perimeter of the pre-filter 36 to be differently sized and shaped from the perimeter
of the associated filtration medium 30.

The pre-filter 36 is configured to allow the passage of biological fluid
therethrough. Preferably, the pre-filter 36 has different filtration properties (e.g.,
porosity) than the associated filtration medium 30. In one embodiment, the pre-
filter 36 has larger pores than the associated filtration medium 30. If the filter
assembly 10 is provided as a leukofilter, the pre-filter 36 may be configured to
remove microaggregates from the biological fluid prior to the fluid encountering
the filtration medium 30. In such an application, it may be advantageous for the
pre-filter 36 to be comprised of a polyethylene terephthalate (“PET”) material. In
other applications, other material compositions may be employed. The pre-filter
36 may be provided as a single-sheet or single-piece component or as a multi-
sheet or multi-piece, stacked component.

In an alternative embodiment, which is illustrated in Fig. 5, the filter
assembly 10a includes the same components as the embodiment of Figs. 1-4, but
with an additional post-filter 38 at least partially positioned between the walls 12
and 14 of the filter housing. Preferably, the post-filter 38 is fully positioned within
the filter housing when the filter assembly 10a is fully assembled. The post-filter
38 may be variously secured within the filter housing, such as being secured
between the frame 32 and the outlet or second side 14 of the filter housing.
Alternatively, the post-filter may be positioned or seated within the opening 34
defined by the frame 32, as in the embodiment of Fig. 3A. Preferably, the post-

filter occupies the entirety of the opening 34, but it is also within the scope of the
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present disclosure for the post-filter to occupy only a portion of the opening 34. If
the post-filter is mounted within the opening 34 of the frame 32, the outer
perimeter of the post-filter may be secured to the frame 32 by adhesion or a weld
or a mechanical fastener or any other suitable fixation means.

The post-filter 38 may be variously configured, but is preferably configured
as a planar or sheet-like component with a shape that is congruent to the frame
32. In the illustrated embodiment, the post-filter 38 has a generally rectangular
configuration, which matches the generally rectangular configuration of the
associated filtration medium 30 and frame 32. While it may be preferred for the
post-filter 38 to be substantially the same size and shape as the outer perimeter of
the frame 32, it is also within the scope of the present disclosure for the post-filter
38 to be differently sized and shaped from the perimeter of the associated frame
32.

The post-filter 38 is configured to allow the passage of biological fluid
therethrough. The post-filter 38 may have filtration properties (e.g., porosity) that
are either the same as or different from those of the associated filtration medium
30. In one embodiment, the post-filter 38 is formed of the same material as the
associated filtration medium 30 (e.g., PBT), in which case the post-filter 38 may
be distinguished from the filtration medium 30 by the presence of the frame 32
positioned therebetween. Depending on the material composition and
configuration of the post-filter 38, it may provide any of a number of functions,
including filtration-improvement functions (e.g., acting as a spacer or manifold if
the associated outlet port omits an inwardly projecting spacer) and/or
manufacturability-improvement features. The post-filter 38 may be provided as a
single-sheet or single-piece component or as a multi-sheet or multi-piece, stacked
component.

In an altermative embodiment, the post-filter may be provided as a mesh or
mesh-ike layer. As used herein, the term “mesh” refers to a semi-permeable
layer with material present in a grid or web or crossed arrangement, such as
shown in Fig. 3A as component 38a. The mesh 38a may be formed according to
any suitable method, resulting in a mesh having a varying thickness (referred to
herein as a “three-dimensional” mesh) or a mesh having a generally uniform
thickness (referred to herein as a “two-dimensional” or “planar” mesh). If provided

as a three-dimensional mesh, the mesh may be formed of overlapping or woven
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strands or strips of material. If provided as a two-dimensional mesh, the mesh
may be defined by non-woven, non-overlapping strands or strips of material
present in a plane.

The material of the mesh 38a defines openings or voids through which
filtered fluid passes before exiting the filter assembly 10 via the outlet port 20, 28.
The mesh 38a of Fig. 3A is shown with generally diamond-shaped openings or
voids, but it is within the scope of the present disclosure for the openings or voids
to be differently shaped (e.g., a regular shape, such as generally square or
rectangular or circular or triangular or pentagonal or hexagonal, or an irregular
shape). A primary purpose of the mesh 38a may be to act as a manifold which
separates the filtration medium 30 from the outlet side 14 of the filter housing,
while allowing filtered fluid to freely flow from the filtration medium 30 to the outlet
port 20, 28. Accordingly, the voids may be relatively large to provide a mesh 38a
having a porosity that is greater than the porosity of the filtration medium 30.
However, if the voids are too large, it is possible for the outlet side 14 of the filter
housing to press against the filtration medium 30 during use, thereby making it
more difficult for filtered fluid to flow out of the filter assembly 10. Thus, it may be
preferred for the mesh 38a to have an intermediate porosity, with voids that are
large enough to allow substantially free flow of filtered fluid out of the filter
assembly 10, but not so large as to negate the desired manifold effect. in one
exemplary embodiment, the voids are generally rectangular or square or diamond-
shaped, each having a height and width in the range of approximately 0.5 — 20
mm, with the mesh 38a having a thickness in the range of approximately 0.5 — 4
mm.

Alternatively, rather than characterizing the porosity of the mesh 38a in
terms of the size and shape of its voids, it is also possible to characterize its
porosity in terms of its permeability properties. For example, at a pressure
difference of 125 Pa (1250 dyne/cm?), an approximately 1.6 mm thick mesh 38a
according to the present disclosure was measured as having an air permeability of
approximately 510 cm®s-cm? using an air permeability tester of Frazier Precision
Instrument Company of Hagerstown, Maryland (although other air permeability
testers and test methods may be employed without departing from the scope of
the present disclosure). This raw value for a mesh 38a having a thickness of

approximately 1.6 mm may be normalized to approximately 81.5 cm?/s, which is
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the air permeability at a pressure difference of 125 Pa (1250 dyne/cm?) of the
same material having a thickness of 1 cm. It may be advantageous for an
approximately 1.6 mm thick mesh 38a of the type described herein to have an air
permeability in the range of approximately 250 cm®/s-cm? — 5000 cm®/s-cm? at a
pressure difference of 125 Pa (1250 dyne/cm?) or a normalized (i.e., fora 1 cm
thickness) air permeability at the same pressure difference in a range of
approximately 40 cm?/s — 800 cm?/s. More preferably, the normalized air
permeability at a pressure difference of 125 Pa (1250 dyne/cm?) is in a range of
approximately 50 cm?/s — 400 cm?/s or, even more preferably, in a range of
approximately 70 cm?/s — 150 cm?/s. While such normalized air permeabilities
may be preferred for a mesh 38a according to the present disclosure, it is also
within the scope of the present disclosure for the mesh 38a to have an air
permeability that lies outside of (preferably above) these ranges.

The mesh 38a may have a generally uniform porosity or permeability, with
generally uniform voids arranged in a uniform pattern, or may have a non-uniform
porosity or permeability, with differently sized and/or shaped voids in a uniform or
non-uniform pattern or generally uniform voids arranged in a non-uniform pattern.

The mesh 38a may be formed of any suitable material or materials such as,
but not limited to, PVC. If the filter assembly 10 is provided with both a frame 32
and a mesh 38a, the frame 32 and mesh 38a may be separate components that
are joined to each other (e.g., by welding or an adhesive or any other suitable
method) prior to being incorporated into the filter assembly 10 or may remain
separate. While the frame 32 and mesh 38a may be formed of different materials,
the frame 32 and the mesh 38a are preferably formed of the same material, with
the two being incorporated together as a unitary or integrated or single component
formed by a molding process or any other suitable method. As shown in Fig. 3A,
when the filter assembly 10 includes both a frame 32 and a mesh 38a, the mesh
38a is preferably positioned or seated or defined within the opening 34 defined by
the frame 32. Preferably, the mesh 38a occupies the entirety of the opening 34,
but it is also within the scope of the present disclosure for the mesh 38a to occupy
only a portion of the opening 34. The composite frame 32 and mesh 38a
component of Fig. 3A may be referred to herein as a mesh element.

In another embodiment, rather than pairing the mesh 38a with a frame 32,

a filter assembly may be provided with only a mesh 38a between the filtration
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medium 30 and the outlet side 14 of the filter housing. If only a mesh 38a is
provided, the mesh 38a may be configured to free-float with respect to the other
components of the filter assembly (i.e., positioned inward of the seals of the filter
assembly) or be fully secured within the filter assembly (e.g., having a perimeter
that is fully present within one or more seals of the filter assembly) or be partially
secured within the filter assembly (e.g., having only a portion of the perimeter of
the mesh 38a positioned within one or more seals of the filter assembly).

The filter assembly 10, 10a includes a seal 40 (Figs. 1, 4, and 5), which
joins the two walls 12 and 14 of the filter housing, as well as the filtration medium
30 and the frame 32. If provided, the seal 40 may also join the other interior
components of the filter assembly 10, 10a (i.e., the pre-filter 36 and/or the post-
filter 38). The seal 40 may be formed by any suitable sealing process, such as
the application of pressure and radio-frequency heating to the two walls 12 and 14
of the filter housing and the interior components of the filter assembly 10, 10a
positioned therebetween (collectively identified at 42 in Fig. 6A). Preferably, the
seal 40 forms a complete seal at or adjacent to the perimeters of the interior
components 42 of the filter assembly 10, 10a to prevent the biological fluid from
“shortcutting” the interior components 42 (i.e., passing from the inlet port 18 to the
outlet port 20, 28 without passing through all of the interior components 42 of the
filter assembly 10, 10a.

Prior to forming the seal 40, the layers of a multi-layer interior component of
the filter assembly 10, 10a (e.g., the layers of a multi-layer filtration medium 30)
and/or two or more of the interior components of the filter assembly 10, 10a (e.g.,
the filtration medium 30, the frame 32, the pre-filter 36, and/or the post-filter 38)
may be sealed together at or adjacent to their peripheral edges. Thus, the seal 40
may be formed using either a two-step method, wherein a peripheral seal is first
formed within or amongst the interior components of the filter assembly 10, 10a
and then the peripheral seal is joined to the filter housing (and any interior
components of the filter assembly not included within the peripheral seal), or by a
one-step method in which the filter housing and the interior components 42 of the
filter assembly 10, 10a are joined together simultaneously.

A second or outer seal 44 may also be provided (Figs. 1, 4, and 5), spaced
outwardly of the first seal 40. If provided, the outer seal 44 may join only the two

walls 12 and 14 of the filter housing to each other. Alternatively, the frame 32 may
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also be included in the outer seal 44, between the walls 12 and 14 of the filter
housing. Preferably, the outer seal 44 forms a complete seal around the inner
seal 40 to prevent leakage of the biological fluid out of the filter assembly 10, 10a.

Similar to the inner seal 40, the outer seal 44 may be formed by the
application of pressure and radio-frequency heating to the two walls 12 and 14 of
the filter housing or by a different sealing process. The seals 40 and 44 may be
formed in sequential sealing processes, which is represented in Figs. 6A-6C, with
Fig. 6B representing a step in which the inner seal 40 is formed and Fig. 6C
representing a step in which the outer seal 44 is formed. Alternatively, the inner
and outer seals 40 and 44 may be formed simultaneously, in a single sealing
process, which can be understood as proceeding directly from an assembling or
stacking stage (Fig. 6A) to a dual-sealing stage (Fig. 6C).

If two seals 40 and 44 are provided, there may or may not be an unsealed
area 46 between them. If there is an unsealed area 46 between the two seals 40
and 44, the outer perimeter of the filtration medium 30 and the frame 32 (and, if
provided, the pre-filter 36 and the post-filter 38) may be positioned therein, as
shown in Figs. 4 and 5. By such a configuration, the unsealed area 46 provides
the filter assembly 10, 10a with a softened or cushioned periphery. If provided,
the cushioned periphery provides enhanced protection against damage to tubing
and bags of the associated fluid processing set if the bags, tubing, and filter
assembly 10, 10a of the set are centrifuged.

As described above, the filter housing may be formed of a pair of flexible
sheets (Figs. 6A-6C) or a single sheet of tubular material 16 (Figs. 7A-7C) or a
single sheet of material that is folded in half onto itself, with only minor variations
between the manufacturing methods thereof. For example, if the filter housing is
formed using two sheets of material, the interior components of the filter assembly
are positioned therebetween prior to forming the seals. In contrast, if the filter
housing is formed using a single sheet of tubular material 16, the interior
components 42 of the filter assembly 10b may be inserted into an open interior
defined by the housing sheet 16 (Fig. 7A) prior to the seals 40 and 44 being
formed (Figs. 7B and 7C). If the filter housing is formed from a single sheet of
material that is folded onto itself, the interior components of the filter assembly are
positioned between the two portions of the sheet that are folded into facing

relationship prior to the seals being formed.
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Another manufacturing difference is related to the extent of the outer seal
44 along the edges of the filter housing. In particular, if the filter housing is formed
from two sheets of material, it is preferable to form the outer seal 44 along all of
the edges of the housing sheets. In contrast, if the filter housing is formed from a
single sheet of material, the outer seal 44 need not be formed along all of the
edges of the housing. For example, if the filter assembly is formed by inserting
the interior components of the filter assembly between folded portions of a single
housing sheet, the outer seal may be formed at only the three facing, overlapping
edge pairs, without forming the outer seal at the folded edge. Similarly, the outer
seal may be formed at only the two opposing edges 48 and 50 (Figs. 7A-7C),
without forming the outer seal over the entire outer perimeter of the filter housing,
when the filter housing is formed of a tubular sheet of material 16.

Fig. 8 illustrates a sealing die or electrode 52 provided according to known
design. A sealing die 52 of the type shown in Fig. 8 (when used in combination
with an opposed or facing sealing die that is not illustrated, but may be a mirror
image of the illustrated sealing die 52) may be used to press the layers of the filter
assembly together and melt at least certain layers to cause the layers between the
sealing dies to become sealed together. When sealing dies 52 of the type shown
in Fig. 8 are used to form an inner seal 40, filtration medium 30 positioned
between the sealing dies 52 is compressed, but remains positioned between the
inlet and outlet sides 12 and 14 of the resulting inner seal 40. If the filtration
medium 30 is formed of a generally opaque material, such as PBT, the resulting
inner seal 40 will be generally opaque (i.e., not substantially transparent or
translucent) as well.

While known sealing dies of the type shown in Fig. 8 may be used to form
an inner seal 40, it may be preferred to use a sealing die having a different profile
to form the inner seal. For example, Fig. 9 illustrates a sealing die or electrode 54
that may be used (in combination with an opposed or facing sealing die that is not
illustrated, but may be a mirror image of the illustrated sealing die 54) to form an
inner seal. Compared to the sealing die 52 of Fig. 8, the sealing die 54 may have
the same or a similar width (e.g., approximately 5.5 mm), but a different cross-
sectional profile. For example, the sealing die 52 of Fig. 8 has a substantially flat
or planar contact surface 56 extending between inner and outer corners 58 having

a relatively small radius (e.g., approximately 1.5 mm in one embodiment). In
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contrast, the sealing die 54 of Fig. 9 has a generally semi-circular contact surface
60 with a relatively large radius (e.g., approximately 2.75 mm in one embodiment).
In use, sealing dies 52 of the type shown in Fig. 8 are typically brought within
approximately 1.4 — 1.8 mm of each other to form a seal, whereas sealing dies 54
of the type shown in Fig. 9 may be brought closer together (e.g., within
approximately 1.0 — 1.4 mm in one embodiment) to form a seal. The other sealing
parameters (e.g., pressure, energy, and temperature) may be substantially the
same when using sealing dies of the type shown in Fig. 8 or Fig. 9.

When sealing dies 54 of the type shown in Fig. 9 are used according to the
foregoing method to form an inner seal, the resulting inner seal 40a (Fig. 11) will
have a central section that is at least substantially (but more preferably
completely) free of filtration medium 30. While the sealing dies 54 and component
filter materials are selected to result in a central section that is substantially free of
filtration medium 30 along the entire extent of the inner seal 40a (i.e., along the
entire perimeter that the inner seal 40a defines within the filter assembly),
eccentricities in individual manufacturing processes may result in trace amounts of
filtration medium 30 present along the inner seal 40a. Accordingly, it should be
understood that the central section of the inner seal 403, in practice, may have
small amounts of filtration medium 30 present therein, but the central section of
the inner seal 40a is preferably at least substantially free of filtration medium 30
along at least a majority of the extent of the inner seal 40a. If the filtration medium
30 is formed of a generally opaque material, while the other layers present in the
inner seal 40a are generally transparent, the complete or substantial exclusion of
the filtration medium 30 will result in an inner seal 40a having a central section
that is generally transparent along at least a majority of the extent of the inner seal
40a, but more preferably along the entire extent of the inner seal 40a. As used
herein, the term “central section” refers to a portion of a seal that is positioned
between inner and outer peripheral sections of the seal and is not limited to a
section that is centered about the midpoint of the seal.

Figs. 10 and 11 illustrate the formation of an inner seal 40a (Fig. 11) using
sealing dies 54 of the type shown in Fig. 9. In Figs. 10 and 11, the filter assembly
includes inlet and outlet housing walls 12 and 14 (which may be formed of a PVC
material), with a multiple-layer filtration medium 30 (which may be formed of a

PBT material) positioned therebetween. A pre-filter 36 (which may be formed of a
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PET material) is positioned between the inlet housing wall 12 and the filtration
medium 30, while a frame 32 (which may be formed of a PVC material) is
positioned between the outlet housing wall 14 and the filtration medium 30.
Although not illustrated, the frame 32 preferably includes an associated mesh (as
in Fig. 3A), which is positioned inwardly of the inner seal to be formed. While
Figs. 10 and 11 illustrate an inner seal 40a formed in a filter assembly having a
pair of housing walls, a filtration medium, a pre-filter, and a post-filter frame, it
should be understood that an inner seal which is transparent and/or at least
substantially omits a filtration medium may be formed in a filter assembly having
fewer layers (e.g., only a pair of housing walls and a filtration medium) or more or
different layers.

When sealing dies 54 of the type shown in Fig. 9 are used to form the inner
seal 40a, the inlet and outlet housing walls 12 and 14, the filtration medium 30,
and the frame 32 tend to melt, while the pre-filter 36 tends to not melt. Thus,
applying pressure to the layers of the filter assembly causes the inlet housing wall
12 to melt, with a portion of the molten inlet housing wall 12 invading the voids of
the pre-filter 36 to form an intermingled layer 62 within the inner seal 40a. Rather
than invading the voids of the pre-filter 36 and entering the intermingled layer 62,
the molten filtration medium 64 tends to be pushed aside, out of a central section
66 of the inner seal 40a and into inner and outer peripheral sections 68 and 70 of
the inner seal 40a. The space formerly occupied by the filtration medium 30 in the
central section 66 of the inner seal 40a is replaced by an aggregate 72 of melted
outlet housing wall 14 and frame 32 material. The aggregate 72 may be pressed
into the intermingled layer 62 in the central section 66 of the inner seal 403,
thereby meeting molten inlet housing wall 12 within the confines of the pre-filter
36. Although the molten filtration medium 64 is completely or at least substantially
excluded from the central section 66 of the inner seal 4043, it may tend to
intermingle with the adjacent layers (i.e., the pre-filter 36 and frame 32) and/or the
intermingled layer 62 and aggregate 72 to hold the molten filtration medium 64
within place in the peripheral sections 68 and 70 of the inner seal 40a. The
intermingled interface between the molten filtration medium 64 and adjacent
layers tends to be extremely thin (e.g., on the order of approximately 50 - 60
micrometers or less, but preferably less than 150 micrometers), but is sufficiently

strong to maintain the filtration medium 30 in place within the filter assembly.
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Outside of the peripheral sections 68 and 70 of the inner seal 40a, the various
layers of the filter assembly may remain un-melted, thereby maintaining their
independence from the adjacent layers.

With respect to Fig. 11, the dimensions of the various formations within the
inner seal 40a will typically vary, depending on the nature of the materials used
and the exact sealing method. However, in one exemplary embodiment, the inlet
housing wall 12 has a thickness of approximately 90 — 250 micrometers in the
central section 66 of the inner seal 40a, the intermingled layer 62 has a thickness
of approximately 170 — 300 micrometers in the central section 66, and the
aggregate 72 has a thickness of approximately 0.84 — 1.5 mm in the central
section 66. The central section 66 itself may have a width of approximately 0.15 —
8 mm (e.q., approximately 240 micrometers — 1.5 mm in one embodiment or
approximately 1.0 mm in a preferred embodiment) and a thickness of
approximately 0.2 — 7 mm (e.g., approximately 1.2 — 2 mm in one embodiment).
In the peripheral sections 68 and 70 of the inner seal 40a, the inlet housing wall
12 may having a greater thickness (e.g., approximately 130 — 350 micrometers),
the intermingled layer 62 may have a wider range of thicknesses (e.g.,
approximately 150 — 400 micrometers), the aggregate 72 may have a lesser
thickness (e.g., approximately 170 — 650 micrometers) than in the central section
66 of the inner seal 40a. The thickness of the molten filtration medium 64 may
vary in the peripheral sections 68 and 70, typically being thinner adjacent to the
central section 66 and thicker at the opposite end of the peripheral section 68, 70.
For example, in one embodiment, the molten filtration medium 64 may have a
maximum thickness of approximately 1.2 mm and taper to at least substantial
non-existence in the central section 66 of the inner seal 40a. The width of each
peripheral section 68, 70 may be in the range of approximately 0.5 -5 mm in an
exemplary embodiment or approximately 2.5 mm in a more preferred
embodiment. The length of the interface over which the molten filtration medium
64 is intermingled with the adjacent layers may vary, but in one embodiment is
approximately 3.5 — 4.6 mm, as measured along the edges of the molten filtration
medium 64 facing the inlet housing wall 12, the outlet housing wall 14, and the
central section 66.

The various dimensions of the filter assembly in and around the inner seal

40a may be measured using any suitable method. In one exemplary embodiment,
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a cut is made perpendicular to the seal 40a (i.e., from an inner portion of a seal to
an outer portion of the seal). The cross-section of the seal 40a formed by the cut
is then examined using a magnification device, such as an electron scanning
microscope or a digital microscope. The optimal level of magnification may vary,
depending on the portion of the seal 40a being observed and the dimension to be
measured. For example, it may be suitable to use a 10x magnification to observe
and measure certain larger dimensions (e.g., the width of the seal 40a), whereas
a greater magnification (e.g., 30x or more) may be preferred for measuring
smaller dimensions (e.g., the thickness of the intermingled interface between the
molten filtration medium 64 and the adjacent layers).

Fig. 11 and the above dimensions assume a generally symmetrical inner
seal 40a, formed by a substantially symmetrical sealing die 54, but it is also within
the scope of the present disclosure for an inner seal which is generally
transparent and/or at least substantially omits filtration medium to be non-
symmetrical. For example, Fig. 12 illustrates an alternative embodiment of a
sealing die or electrode 74 that may be used to form an inner seal with a central
section that is transparent and/or at least substantially omits a filtration medium.
The sealing die 74 of Fig. 12 may be understood as a combination of the sealing
dies 52 and 54 of Figs. 8 and 9, with a generally flat or planar contact surface 76
that extends between a first or inner corner 78 and a second or outer corner 80.
The second corner 80 is positioned lower than the first corner 78 (when the
sealing die 74 is oriented as the upper sealing die of a pair of opposing or facing
sealing dies), such that the contact surface 76 of the sealing die 74 is angled or
inclined or slanted with respect to horizontal. The first corner 78 may have a
relatively small radius (e.g., comparable to the radius of the corners 58 of the
sealing die 52 of Fig. 8), while the second corner 80 may have a larger radius
(e.g., comparable to the radius of the contact surface 60 of the sealing die 54 of
Fig. 9). The sealing die 74 of Fig. 12 (when used in combination with an opposing
or facing sealing die that is not illustrated, but may be a mirror image of the
illustrated sealing die 74) may be used to form an inner seal. The sealing die 74
of Fig. 12 may be wider (e.g., approximately 50% wider) than the sealing dies 52
and 54 of Figs. 8 and 9, in which case the resulting inner seal will be wider than a
seal formed using one of the sealing dies 52 and 54.

On account of the shape of the sealing die 74 of Fig. 12, the resulting inner
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seal will have a central section that is positioned in the vicinity of the second
corner 80 of the sealing die 74, rather than being centered about a midpoint of the
seal. The seal will have one relatively narrow peripheral section (to the right of the
central section in the orientation of Fig. 12) that is comparable to one of the
peripheral sections 68, 70 of Fig. 11 and a relatively wide peripheral section (to
the left of the central section in the orientation of Fig. 12) that is more comparable
to a seal formed using sealing dies 52 of the type shown in Fig. 8). The first
corner 78 of the sealing die 74 may be referred to as an inner corner because it
may be preferred for the sealing die 74 to be oriented such that the first corner 78
is positioned closer to the center of the layers of the filter assembly than the
second corner 80 is when the seal is being formed. However, it is also within the
scope of the present disclosure for the sealing die 74 to be oriented such that the
second corner 80 is positioned closer to the center of the layers of the filter
assembly than the first corner 78 is when the seal is formed.

As described above, an inner seal formed according to the present
disclosure may have a central section that is generally transparent or more light-
transmissive than a seal having filtration medium present therein. According to
one manner of assessing the transparency of the central section of an inner seal,
the light transmissivity of the central section of the inner seal may be compared to
the light transmissivity of an associated outer seal 44 (if provided) using a
conventional light detector. For example, in an exemplary test procedure, a Model
ILT1400A radiometer /photometer from International Light Technologies of
Peabody, Massachusetts was used to measure the light transmissivity of three
filter assemblies, one manufactured according to the methods described herein
and the other two manufactured according to conventional design. A light source
emitting a red laser having a wavelength of approximately 635 nm was positioned
approximately 19 inches away from a photodetector, with the laser focused off
center of the photodetector to prevent photodetector saturation. A baseline
reading of 852 kw/cm?2 was measured with no filter assembly positioned between
the light source and the photodetector. Then, a filter assembly was placed onto
the photodetector, with the outer seal positioned at the focus of the laser, and a
reading was taken to determine the light transmissivity of the outer seal. The filter
assembly was then repositioned to place the inner seal at the focus of the laser

and a reading was taken to determine the light transmissivity of the inner seal. In
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the exemplary test procedure, readings were taken at multiple locations along the
outer and inner seals, with one reading being taken at each of the upper, lower,
left, and right edges of each seal. The same procedure was then repeated for two
other filter assembilies.

The outer seal includes only the inlet and outlet housing walls, which are
preferably formed of a generally transparent material. In contrast, the central
section of the inner seal includes at least the inlet and housing walls, and may
also include other layers (e.g., a pre-filter and post-filter), but with no or
substantially no filtration medium. On account of typically having more layers and
a greater thickness than the outer seal, the central section of the inner seal will
typically have a lower light transmissivity than the outer seal, as demonstrated by
the results of the exemplary test procedure. For example, the outer seal of a filter
assembly manufactured according to the present disclosure was found to transmit
approximately 81-84% of the red laser light, whereas the inner seal of the filter
assembly was found to transmit approximately 7-33% of the red laser light.
Comparing the light transmissivity of each side of the inner seal to the
corresponding side of the outer seal, it was found that the inner seal had a light
transmissivity of approximately 8-40% of the light transmissivity of the outer seal.
For a first conventional biological fluid filter assembly, the light transmissivity of
the outer seal was measured to be approximately 73-84%, while the light
transmissivity of the inner seal was measured to be approximately 3-4% (i.e.,
approximately 3-5% of the light transmissivity of the outer seal). For another
conventional biological fluid filter assembly, the light transmissivity of the outer
seal was measured to be approximately 67-71%, while the light transmissivity of
the inner seal was measured to be approximately 2-3% (i.e., approximately 3-4%
of the light transmissivity of the outer seal). Thus, based on the exemplary test
procedure, it was found that the relative light transmissivity of the inner seal of a
filter assembly manufactured according to the present disclosure (i.e., the light
transmissivity of the inner seal divided by the light transmissivity of the outer seal)
was found to be at least approximately 100% greater than the relative light
transmissivity of the inner seal of a conventional filter assembly.

If the relative light transmissivity of the central section of the inner seal (i.e.,
the light transmissivity of the central section of the inner seal divided by the light

transmissivity of the outer seal) is above a particular percentage (e.g., above

-20-

Date Regue/Date Received 2020-10-07



10

15

20

25

30

approximately 8% or above approximately 20% or above approximately 30%), the
central section of the inner seal may be considered to be generally transparent, as
the term is used herein. The term “generally transparent” as used in connection
with the inner seal is intended as a measure of the light transmissivity of the inner
seal, meaning that an inner seal that is translucent, but with a light transmissivity
that is within a particular percentage of the light transmissivity of an associated
outer seal, may be considered to be “generally transparent.” Other methods for
measuring the transparency of the inner seal may also be employed without
departing from the scope of the present disclosure. For example, if the filter
assembly does not include an outer seal, then the light transmissivity of the
central section of the inner seal may be compared to the light transmissivity of two
sheets of material that correspond to the sheets of material used to form the inlet
and outlet housing walls of the filter assembly.

While several embodiments of filter assemblies and methods of
manufacturing such filter assemblies are described herein, it should be
understood that variations may be made to the described and illustrated filter
assemblies and methods without departing form the scope of the present
disclosure. For example, rather than including only one or two peripheral seals,
filter assemblies according to the present disclosure may be provided with more
than two peripheral seals. A third peripheral seal, positioned outwardly of the
second or outer seal 44, may be perforated or scored or otherwise weakened to
define a tear strip or tear seal between a filter assembly and a consecutively
manufactured filter assembly. By such a configuration, a plurality of filter
assemblies may be manufactured using elongated rolls of material, with adjacent
filter assemblies being torn along the third or outermost peripheral seal to

separate the filter assemblies.

Examples
Without limiting any of the foregoing, the subject matter described herein

may be found in one or more apparatus or methods. For example, according to a
first exemplary configuration, a biological fluid filter assembly includes first and
second flexible housing walls. A filtration medium is at least partially positioned
between the two housing walls. A seal joins the housing walls and passes

through the filtration medium to define a perimeter within the biological fluid filter
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assembly, but there is substantially no filtration medium present in a central
section of the seal along at least a majority of the extent of the perimeter defined
by the seal.

A second exemplary configuration of a biological fluid filter assembly
includes a configuration in accordance with the preceding exemplary
configuration, in which the first and second walls are generally transparent, the
filtration medium is generally opaque, and the central section of the seal is
generally transparent along at least a majority of the extent of the perimeter
defined by the seal.

A third exemplary configuration of a biological fluid filter assembly includes
a configuration in accordance with the preceding exemplary configuration, in
which the filtration medium is present in generally opaque peripheral sections of
the seal.

A fourth exemplary configuration of a biological fluid filter assembly
includes a configuration in accordance with any one of exemplary configurations
1-3, in which a pre-filter is at least partially positioned between the filtration
medium and the first housing wall, with the seal joining the housing walls and the
pre-filter.

A fifth exemplary configuration of a biological fluid filter assembly includes a
configuration in accordance with any one of exemplary configurations 1-4, in
which a support member is at least partially positioned between the filtration
medium and the second housing wall, with the seal joining the housing walls and
the support member.

A sixth exemplary configuration of a biological fluid filter assembly includes
a configuration in accordance with any one of exemplary configurations 1-5, in
which a mesh is at least partially positioned between the filtration medium and the
second housing wall.

A seventh exemplary configuration of a biological fluid filter assembly
includes a configuration in accordance with the preceding exemplary
configuration, in which the mesh is part of a mesh element. The mesh element
includes the mesh integrally formed with a frame that surrounds the mesh to
define a perimeter of the mesh element. The seal joins the housing walls and the
frame.

An eighth exemplary configuration of a biological fluid filter assembly
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includes first and second flexible housing walls. A filtration medium is at least
partially positioned between the two housing walls. A post-filter mesh is at least
partially positioned between the filtration medium and the second housing wall. A
seal joins the housing walls.

A ninth exemplary configuration of a biological fluid filter assembly includes
a configuration in accordance with the preceding exemplary configuration, in
which the seal joins the housing walls and the post-filter mesh.

A tenth exemplary configuration of a biological fluid filter assembly includes
a configuration in accordance with the eighth exemplary configuration, in which a
frame is positioned between the filtration medium and the second housing wall,
with the post-filter mesh being integrally formed with the frame.

An eleventh exemplary configuration of a biological fluid filter assembly
includes a configuration in accordance with the preceding exemplary
configuration, in which the seal joins the housing walls and the frame.

A twelfth exemplary configuration of a biological fluid filter assembly
includes a configuration in accordance with the preceding exemplary
configuration, in which the frame is comprised of the same material as the second
housing wall and the frame and second housing wall are melted together in at
least a portion of the seal.

A thirteenth exemplary configuration of a biological fluid filter assembly
includes a configuration in accordance with any one of exemplary configurations
8-12, in which a pre-filter is at least partially positioned between the filtration
medium and the first housing wall, with the seal joining the housing walls and the
pre-filter.

A fourteenth exemplary configuration of a biological fluid filter assembly
includes a flexible housing having first and second walls. The first wall includes
an inlet port and the second wall includes an outlet port, with the first and second
walls being made of a plastic material. A filtration medium for removing at least
one substance from a biological fluid is at least partially positioned between the
inlet and outlet ports, with a pre-filter at least partially positioned between the inlet
port and the filtration medium. A mesh element having a mesh integrally formed
with a frame is at least partially positioned between the outlet port and the filtration
medium, with the mesh element being made of the plastic material. A seal is

formed by integrating a section of the filtration medium at or adjacent to its
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perimeter, a section of the pre-filter at or adjacent to its perimeter, a section of the
frame of the mesh element, and a section of the first and second walls at or
adjacent to their perimeter and over their entire perimeter. The seal includes a
central section consisting of a layer consisting only of the plastic material of the
first wall and having a thickness in the range of approximately 90-100
micrometers, an intermingled layer in which the plastic material of at least the first
wall is intermingled with the pre-filter and having a thickness in the range of
approximately 170-200 micrometers, and an aggregate in which the plastic
material of at least the second wall and the frame are intermingled and having a
thickness in the range of approximately 840-900 micrometers.

A fifteenth exemplary configuration of a biological fluid filter assembly
includes a configuration in accordance with the preceding exemplary
configuration, in which the seal also includes a pair of peripheral sections, with the
peripheral sections positioned at opposite sides of the central section. Each
peripheral section includes a layer consisting only of the plastic material of the first
wall, an intermingled layer in which the plastic material of at least the first wall is
intermingled with the pre-filter, an intermingled interface in which molten filtration
medium is intermingled with the pre-filter, a layer consisting only of molten
filtration medium, a second intermingled interface in which molten filtration
medium is intermingled with the frame, a second intermingled layer in which the
plastic material of at least the second wall and the frame are intermingled, and a
layer consisting only of the plastic material of the second wall. The intermingled
interface and the second intermingled interface of the peripheral sections each
have a thickness of less than 150 micrometers.

A sixteenth exemplary configuration of a biological fluid filter assembly
includes a configuration in accordance with the preceding exemplary
configuration, in which the filtration medium transitions from a molten state at an
end of each peripheral section adjacent to the central section of the seal to a non-
molten state at an opposite end of each peripheral section.

A seventeenth exemplary configuration of a biological fluid filter assembly
includes a configuration in accordance with any one of exemplary configurations
14-16, in which the plastic material is polyvinyl chloride.

An eighteenth exemplary configuration of a biological fluid filter assembly

includes first and second flexible housing walls. A filtration medium is at least
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partially positioned between the two housing walls. A post-filter mesh having a
normalized air permeability at a pressure difference of 125 Pa in the range of
approximately 40 to approximately 800 cm?/s is at least partially positioned
between the filtration medium and the second housing wall. A seal joins the
housing walls.

A nineteenth exemplary configuration of a biological fluid filter includes a
configuration in accordance with the preceding exemplary configuration, in which
the post-filter mesh has a normalized air permeability at a pressure difference of
125 Pa of approximately 81.5 cm?/s .

In another aspect of this subject matter, a first exemplary method of
manufacturing a biological fluid filter assembly includes providing first and second
flexible housing walls. At least a portion of a filtration medium is positioned
between the housing walls. A seal that passes through the filtration medium is
formed to join the housing walls and define a perimeter within the biological fluid
filter assembly, with substantially no filtration medium being present in a central
section of the seal along at least a majority of the extent of the perimeter defined
by the seal.

A second exemplary method of the present subject matter includes a
method in accordance with the preceding exemplary method, in which the housing
walls are generally transparent, the filtration medium is generally opaque, and the
seal has a generally transparent central section along at least a majority of the
extent of the perimeter defined by the seal.

A third exemplary method of the present subject matter includes a method
in accordance with the preceding exemplary method, in which the seal has
generally opaque peripheral sections in which the filtration medium is present.

A fourth exemplary method of the present subject matter includes a method
in accordance with any one of exemplary methods 1-3, in which at least a portion
of a pre-filter is positioned between the filtration medium and the first housing wall,
with the seal joining the housing walls and the pre-filter.

A fifth exemplary method of the present subject matter includes a method
in accordance with any one of exemplary methods 1-4, in which at least a portion
of a support member is positioned between the filtration medium and the second
housing wall, with the seal joining the housing walls and the support member.

A sixth exemplary method of the present subject matter includes a method
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in accordance with any one of exemplary methods 1-5, in which at least a portion
of a mesh is positioned between the filtration medium and the second housing
wall.

A seventh exemplary method of the present subject matter includes a
method in accordance with the preceding exemplary method, with the mesh being
integrally formed with a support member defining a frame. The seal joins the
housing walls and the frame.

It will be understood that the embodiments and examples described above
are illustrative of some of the applications of the principles of the present subject
matter. Numerous modifications may be made by those skilled in the art without
departing from the spirit and scope of the claimed subject matter, including those
combinations of features that are individually disclosed or claimed herein. For
these reasons, the scope hereof is not limited to the above description but is as
set forth in the following claims, and it is understood that claims may be directed
to the features hereof, including as combinations of features that are individually

disclosed or claimed herein.
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CLAIMS

1. A biological fluid filter assembly comprising:
a flexible housing having first and second walls;
a filtration medium at least partially positioned between the first and second walls
of the housing;
a post-filter mesh at least partially positioned between the filtration medium and
the second wall; and
a seal joining the first and second walls of the housing, wherein
the first wall includes an inlet port, the second wall includes an outlet port, and the
first and second walls are made from a plastic material,
a pre-filter is at least partially positioned between the inlet port and the filtration
medium;
the post-filter mesh is integrally formed with a frame and is made from the plastic
material; and
an inner seal is formed by integrating a section of the filtration medium at or
adjacent to a perimeter of the filtration medium, a section of the pre-filter at or
adjacent to a perimeter of the pre-filter, a section of the frame of the post-filter
mesh, and a section of the first and second walls at or adjacent to a perimeter
of the first and second walls and over the entire perimeter of the first and
second walls, wherein the inner seal comprises a central section consisting of
a layer consisting only of the plastic material of the first wall and having a
thickness in the range of approximately 90-250 micrometers,
an intermingled layer in which the plastic material of at least the first wall is
intermingled with the pre-filter and having a thickness in the range of
approximately 170-300 micrometers, and
an aggregate in which the plastic material of at least the second wall and
the frame are intermingled and having a thickness in the range of

approximately 0.84-1.5 millimeters.

2. The biological fluid filter assembly of claim 1, further comprising a pair of
peripheral sections, with the peripheral sections positioned at opposite sides of
the central section and each comprising

a layer consisting only of the plastic material of the first wall,
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an intermingled layer in which the plastic material of at least the first wall is
intermingled with the pre-filter,

an intermingled interface in which molten filtration medium is intermingled with the
pre-filter,

a layer consisting only of molten filtration medium,

a second intermingled interface in which molten filtration medium is intermingled
with the frame,

a second intermingled layer in which the plastic material of at least the second
wall and the frame are intermingled, and

a layer consisting only of the plastic material of the second wall, wherein the
intermingled interface and the second intermingled interface each have a

thickness of less than 150 micrometers.

3. The biological fluid filter assembly of claim 2, wherein the filtration medium
transitions from a molten state at an end of each peripheral section adjacent to the
central section of the seal to a non-molten state at an opposite end of each

peripheral section.

4. The biological fluid filter assembly of claim 1, wherein the plastic material is

polyvinyl chloride.

-28-

Date Regue/Date Received 2020-10-07






2/6

% ¥l
\“ ve
e | 51
\v,//x///////////////ﬂ%//////%%//%////////% V/////é\w%ﬁ/zf//%%/////////////z% °
—
A or 5 (
w w 1] om
\ 9 4l
eol

.:___________\:__

Pl I

(4%

Date Regue/Date Received 2020-10-07



3/6

CRKKKES

02000 %0 %0 % % % %

ZRLEIEIERRLLLS
005020 % % %0 % %0 % % % %
0000000:,:,:,:0
000 setes0%02030 %0

0

0

38a
avd



Al

Date Regue/Date Received 2020-10-07



5/6

48

48

BN ||
D || Fig.7B
T : [ 50
46 44
18
| Fig. 7C
..... ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, IIIII 150

Date Regue/Date Received 2020-10-07



14V 4014
g ‘81

8¢

%5
25 §
L3






	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - CLAIMS
	Page 30 - CLAIMS
	Page 31 - DRAWINGS
	Page 32 - DRAWINGS
	Page 33 - DRAWINGS
	Page 34 - DRAWINGS
	Page 35 - DRAWINGS
	Page 36 - DRAWINGS
	Page 37 - REPRESENTATIVE_DRAWING

