BLOOD FILTERING COMPONENT, APPARATUS, AND METHOD

CROSS-REFERENCE TO RELATED APPLICATIONS

{601} This application claims priority to U.S. Provisional Application No. 62276 817,
titled “Blood Filtering Component, Apparatus, and Method” and filed January §, 2016, and US,

Apphication No. 15/018 880, titled "Blood Filtering Component, Apparatus, and Method” and

filed February 8, 2016, each of which is herein incorporated by reference in its entirety.

TECHNICAL FIELD
{p602] This disclosure relates generally to the field of medical devices, and more

specifically, to components, devices, and methods for filtering blood or other fluids.

BACKGROUND

8003} Auntologous blood transfusion is a process thar removes a patient’s own blood
from the body to later be re-transfused into the patient’s body, as needed, during medical
procedures., In  developing countries, autologous blood transfusion techmques are
commonly used due to the small quantities and high cost of donated blood available. These
autologous blood  wansfusions are  often  performed manually. Cumently, manual
autologous  blood  transfusions involve collecting blood from an open wound or a
collection surface, manually removing large blood clots, filtering the blood through gauze pads
to remnove smaller blood clots and biological particulates, and introducing the filiered blood into
a storage bag where the blood iz mixed with an anticoagulant solution and stored untd the
blood is needed by the patient. This process is very labor, material, and time intensive, often
involving the coordination of three or more trained personnel Furthermore, this process can
suffer from sterility issues, Thas, there is a global need for improved blood transtusion devices

and methods.



SUMMARY

{0004] The present disclosure provides new and useful components, devices, systems,
and methods of filtering blood and other fluids. In particular, vanous embodiments provided
herein provide components, devices, svstems, and methods for performing manual autologous
blood transfusions. Various embodiments provided herein overcome one or more of the
shortcomings of previous manual autologous blood transfusion apparatuses and techmiques.
[0605] Une aspect of the disclosure is divected to 8 removable filter module for a blood
filtering apparatus. The filter module includes a filter bousing, which is formed of one or more
side walls and has g partially or fully open proximal face and distal face. The filter module
further includes: a filter mediur disposed within the filter housing, and a body valve positioned
on a distal end of the filter housing. The body valve is movable between an open and a closed
configuration. In the closed confignration, the body valve seals the distal face of the filter
housing. The body valve may open when a negative pressure is created within the blood filtering
apparatus and may close when the pressure retirns to ambient or & positive pressure.

{0606} in some embodiments, the filter module may be sized and configured to fit
securely within a blood filtering apparatus and to form a hiquid-tight seal with an tnner wall of
the blood filtering apparatus. Such a filter module may also include a sealing surface protruding
from the one or more side walls of the filter housing, the sealing surface configured to compress
against the inner wall of the blood filtering apparatus. The filter housing and the sealing surface
may be monohithic; alternatively, the filter housing, the sealing surface, and the body valve may
all be monolithic; alternatively, the filter housing, sealing surface, and body valve may each be
separately formed and attached during the manufacturing process.

{0887} In some embodiments, the filter medium may be pleated. The filter hoosing may
be cvlindrical. The body valve may be formed of a flap. The filter housing nay be transparent.
{0008} Another aspect of the disclosure is divected to a filter module. The filter module
iclades: a filter mednan formed of a pleated mesh folded in a circular pattern, an elastomeric
housing disposed at least partially around the filter medium, and a mechanical body valve
configared to mechanically seal the filler module.

{0009} In some embodiments, the pleated mesh may form triangle-shaped facets, and the
filter medium may be positioned i a circle sround an inner colwmn. The pleated mesh may have
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a plurality of pores sized to prevent passage of blood clots and large biological particulates
through the pores while permitting passage of blood cells through the pores. The mechanical
body valve may open to allow fluid to How through the filter mediom when subjected to a
negative pressure and close with ambient or posttive pressure. The mechanical body valve may
be formed of a flap that closes when external pressure is applied on the filter modole and opens
when pressure within the filter module is mcreased.

{0010} A further aspect of the discloswre is divected to a blood filtering apparatus. The
blood filtering apparatus includes a fluid uptake device having a fluid passageway, and any
embodiment of the filter module described above or elsewhere herein. In various embodiments,

the filter module is positionable within the passageway of the fluid uptake device.

BRIEF DESCRIPTION OF THE DRAWINGS

{0611} FIG. 1 iHustrates a side view of one embodiment of a blood filtering apparatus.
{0012} FIG. 2 ilustrates a side view of one embodiment of a blood filtering apparatus.
0013} FIGS. 3A-3B illustrate a side view of one embodiment of a blood filtering

apparatus moving between an emply state and a filled state, respectively.

{0014} FIG. 4 illustrates a side view of one embodiment of a blood filtering apparatus.
{0815} FIGS. SA-3B illustrate g side view of one embodiment of a blood filtering

apparatus moving through an intake stroke and a compression stroke, respectively.

{0016} FI1G. o illustrates a side view of one embodiment of a blood filtering apparatus.
{0017} FIG. 7 illustrates a side view of one embodiment of a blood filtering apparatus.
{0018} FIGS. 8A-8C illustrate perspective views of one embodiment of a filter module

for use in various embodiments of the blood filtering apparatus.

0019} FIGS. 9A-98 illustrate perspective views of one embodiment of a filier housing,
which forms a portion of the filter module of FIGS. BA-8C.

{06820] FIGS. 10A-10B illustrate perspective views of one embodiment of a body valve
flap, which forms a portion of the fiker modude of FIGS. RA-RC.

{0021} FIG. 11 dlustrates a perspective view of one embodiment of an inner column,
which forms a portion of the filter module of FIGS. 8A-8C.

{00224 FIG. 12 lustrates a perspective view of one embodiment of a filter, which formas

a portion of the filter module of FIGS. 8A-8C.
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{0623 FIG. 13 illustrates an exploded view of the filter module embodiment of FIGS.
8A-8C.

0024} FIG. 14A illustrates a perspective view of one embodisient of & filter module
having a body valve in an open position.

{0025] FIG. 14B illustrates a perspective view of the filter module embodiment of FIG.
144, with the body valve m a closed position.

0026} FIG. 15 dlustrates a side view of one embodunent of a blood filtering apparatus

formed of a fluid uptake device and a filter module.

DETAILED DESCRIPTION

{0627} The provided figures and the following description of certain embodiments of the
wvention are not mtended to linut the invention to these ewbodiments, but rather, are provided
to enable any person skilled in the art to make and use this invention.

{0028} Disclosed herein are components, devices, and methods for fillening foids, in
some embodiments provided herein, the components, devices, and methods are configured for
filtering blood during autologous blood transfusions.

{0029} Az shown m FIG. 1| m some embodiments, an apparatus 100 for filtering blood or
other fluids includes a hollow body 200, an inlet 300 fluidly coupled to the hollow body 200, a
piston 400 shideably disposed within the hollow body 200, and a filter module 380 located
between the inlet 300 and the piston 400, In the lustrated embodiments, the inlet 300 s at the
proximal end and the piston 400 is at the distal end of the apparates 100

{00301 The apparatas 100 preferably functions to filter, store, andfor transport blood. For
example, the apparatos 100 can be vsed in blood transfusions, wheremn the apparatus is used to
filter blood drawn from a patient or from a collection volume, such as a bowl or a floor. The
apparatus preferably removes biood clots from the blood and can additionally filter foreipn
particuiates from the blood. The apparatus 1s preferably passive and manually operated by a user,
but can alternatively be active and driven by an glectronic svstem.

{0031} As visible, for example, in FIG. 2, the appavatas 100 can additionally wclude a

body valve 220 that controls fluid flow between the miet 300 and the hollow body 200, As



described in more detail below, in some embodiments, the body valve forms a portion of the
filter module 500, In such embodiments, the body valve is identified as body valve 520,

0032} Additionally or alternatively, the apparatus 100 may include an outlet 240 that
allows egress of filtered fluid from the hollow body 200 without passing back through the
contaminated filier.

{0633} Additionally or alternatively, the apparatus 100 mayv include a reservoir 320
fhadly coupling the inlet 300 {o the hollow body 200. In some such emboduments, the reservour
320 is positioned between the inlet 300 and the filter module 500, In other embodiments, the
filter module 500 is positionable within the reservoir 320,

{0034} Additionally or alternatively, the apparatus 100 may mnclude an inlet coupling
mechanism 340 that removably couples the inlet 300 {o the hollow body 200; wn some
embodiments, the inlet coupling mechanism 340 couples both the mlet 300 and reservoir 320 to
the hollow body 200.

{0835} As shown i FIGS. 3A and 3B, the apparatus 100 is preferably configured to
move interchangeably between an empty state (see FIG. 3A) and g filled state (see FIG. 3B) via
movement of the piston 400 in a distal-moving intake stroke 30 and a proximal-moving
compression stroke 40, During the intake stroke 30, the piston head 420 {i.e., the proximal end of
the piston 400), moves distally from a first position 10 relatively near the inlet 300 {o a second
position 20 relatively far from the inlet 300. During the mtake stroke 30, the piston 400 and
hollow body 200 cooperatively generate g negative pressure within the hollow body 200 relative
to ambient. In other words, the piston 400 applies a suction foree to the hollow body interior that
draws flud through the inlet 300 and filter module 500 and mto the hollow body 200. Duning the
compression stroke 40, the piston head 420 moves from the second position 20 to the first
position 10. During the compression stroke 40, the piston 400 and hollow body 200
cooperatively generate a positive pressure within the hollow body 200 relative to ambient. In
other words, the piston 400 applies an expulsion force to the hollow body interior that expels
flaid from the hollow body 200. The hollow body 200, piston head 420, and body valve 220/520
preferably cooperatively define 2 hollow body volume that expands as the piston 400 moves

through the mtake stroke 30, and contracts as the piston 400 moves through the compression
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stroke 40, The filtered fluid, more preferably filtered blood, preferably occupies the hollow body
volume following an intake stroke 30

{0036} The apparats 100 is preferably configured to minimize clotting as the blood is
drawn into the hollow body 200. The apparatus preferably minimizes clotting, at least in part, by
controlling the blood flow rate into and out of the apparatus. The apparatus 100 of some
embodiments allows for a blood flow rate between 05L/min to 1.6Limm. However, the
apparatus 100 of other emboduments facilitates a higher or lower blood flow rate. In one
embodiment, the apparatus controls the blood flow rate by controlling the maximmum negative
pressure {e.g., by conirolhing the let 300 to hollow body 200 cross-sectional ratio). In one
embodiment, the apparatus 15 confipured such that the maximum negative pressure does not
exceed 150 mm Hg (below ambient pressure/atmospheric pressure) during the intake stroke. In
another embodiment, the blood flow rate is controlied by the mlet 300 shape. In another
embodiment, the blood fow rate is controlled by controlling the rate at which the piston 400 is
moved through the hollow body 200 (e g, by controlling the friction force applied by the piston
head 420 agamst the hollow body 200 walls). However, any other suitable means or method of
controliing the blood flow rate can be included.

{0037} The piston 400 of the apparatus functions to generate the pressure changes within
the hollow body 200. As shown in FIG. 3B, the piston 400 of some embodiments includes a
piston head 420, a shaft 440, and a handle 460, wherein the handle 460 preferably transfers an
applied force to the piston head 420 through the shaft 440, The piston head 420 preferably has a
substantially similar cross-section to the bollow body interior, such that the piston head 420
perimeter forms a shidable seal with the hollow body interior. The piston head 420 of some
embodiments is made of a flexible matenial, such as rabber, but i other embodiments, it may be
made of any suitable material that forms a substantially airtight seal against the hollow body
mterior. The shaft 440 of some embodiments has a cross-hke cross-section. In other
embodiments, the shafl 440 s a solid rod, hollow rod, or any other suitable form. The handle 460
of some embodiments 1s a T-shaped handle 460; in other embodiments, the handle 460 mav be a
knob, bridge, or any other suitable handle 400.

{0038] In one embodiment of the apparatus 100, the shaft 440 and the handle 460 are

removably coupled to the piston head 420. This can enable the filtered blood to be stored within
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the apparatus mstead of needing to be egressed into a blood bag for long-term storage. The
pressure balance between the hollow body volume and the ambient environment preferably
maintains the piston head 420 position when the shaft 440 and handle 460 are removed, but the
apparatus 100 can additionally include a locking mechanism that retaing the piston head 420
position. In one embodiment of the apparatas 100, the piston head 420t and shafi 444 are threaded
such that rotation of the shaft 440 about its longitudinal axis removes the shatt 440 from the
piston head 420. In such embodiments, the hollow body 200 interior and the piston head 420
perimeter can additionally include complimentary threading (e.g., substantially near the second
position 20}, wherein rotation of the shaft 440 about its longitudinal axis rotates the piston head
420 within the hollow body 200 to lock in the piston head 420 position. Further rotation,
preferably in the same direction, decouples the shaft 440 from the piston head 420, In another
embodiment, the piston head 420 and shaft 440 inclade a pin locking mechanism, wherem a
portion of the shaft 440 can be depressed to release the shaft 440 from the piston head 420, Anv
other suitable coupling mechanism can alternatively be used to couple the piston head 420 and
shaft 440.

{0039} The hollow body 200 of the apparatus 100 functions to coopesatively generate the
positive and/or negative pressure with the piston 400; it alse functions to held mgressed fluid.
The hollow body 200 can addittionally function to retain the relative positions of other apparatus
commponents, such as the filter module 500, The bollow body 200 preferably has a snbstantially
constant cross-section along its lengh, but t can alternatively have a variable cross section. The
hollow body 200 preferably has a circalar cross section, but it can alternatively bave an ovular,
rectangular, polvgonal, or any other suitable cross section. In one embodiment of the apparatus,
the hollow bady 200 13 a hollow cyhinder. The hollow body 200 i3 preferably substantially ngd,
and is preferably made of biocompatible matenials. The hollow bodv 200 can additionally
mciude a coating on the hollow body intenior, wherein the coating is preferably a biocompatible
coating. In some embodintents, the coating is an anticoagulant coating.

{0040} The hollow body 200 can additionally include a piston retention element, which
functions to prevent complete piston yemoval from the hollow body. The position of the piston
retention element within the hollow body can addisionally function to define the second position

20. The piston retention element is preferably located along the hollow body 200 length distal to
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the first position 10. The piston retention element is preferably operable between a retention
mode, wherein the piston retention element retaing the piston head within the hollow body, and a
release mode wherein the piston retention element allows complete piston head retraction from
the hollow body {e.g., to allow for disassembly and sterilization). In one variation, the apparatus
100 wcludes one or wore through-holes and one or more comresponding pins as the piston
retention element, wherein the pins extend through the through-holes to block piston head
retraction past the pins. The pins can be removably coupled to the through-holes to allow
apparatus disassembly. However, any other suitable piston retention element configuration can
be used.

{0041} Additionally or altematively, the hollow body 200 may include a piston arrest
distal the inlet 300, wherein the piston arrest preferably defines the maximum distance that the
piston 400 can travel away from the mlet 300,

j0042} The hellow body 200 may additionally er alternatively include a filter retention
area including a senes of grooves in which the filter module 500 sits. The filter retention area 18
preferably located on the proximal end of the hollow bedy 200 i, adjacent to, or near the
reservoir 320, bot it can alternatively be located 1 any soitable position.

0043} The miet 300 of the apparatus 100 functions to facilitate blood ingress into the
hollow body 200. The inlet 300 can additionally filler out large blood clots. In various
embodiments, the inlet 3080 is operatively connected to a proximal end of the hollow body 200.
Preferably, the inlet 300 is concentric with the hollow body 200, but it can altemnatively be
coupled to any suitable portion of the hollow body 200, The inlet 300 i3 preferably a nozzle
defining a straight channel; however, the nozzle can alternatively define a tapering channel, a
swirl channel, or any other suitable chamnel. The nozzle preferably has a flat tip, but can
alternatively have an angled up, a threaded tip, a barbed tip, or any other suitable fip.
Alternatively, the inlet 300 can be any other suitable fhud inlet. The inlet 300 can additionally be
configured to minimize clotting during blood ingress. In one example of the apparatus 100, the
ratio between the cross-sectional areas of the inlet 300 and the hollow body 200 1s configured
such that the maximum pegative pressure within the hollow body 200 does not exceed 150
millimeters of mercury during the intake stroke. The inlet 300 is preferably removably coupled

to the hollow body 200, for example, being removably coupled via an inlet coupling mechanism
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340, In other embodiments, the inlet 300 1s formed as a singular piece with the hollow bedy 200.
The inlet 300 can additionally mclude features for component attachment, such as barbs or
threading. Components that can be attached to the inlet 300 include a needle, an IV wmbe, a blood
bag, or any other suitable component.

{0044} As shown, for example, in FIG. 4, the inlet 300 can additional] y include an mlet
valve 302 positioned in the channpel of the inlet 300 or between the inlet 300 and the filer
module 300. The mnlet valve 302 1s preferably in an open position when the hollow body volume
is under negative pressure and m a closed position when the hollow body volume s under
positive pressure and/or at ambient presswre (e.g., atmospheric pressure). The et valve 302 1s
preferably a passive, one-way valve, but can alternatively be an active valve, a multi-way valve,
or any other suitable valve. Example inlet valves 302 mclude a duckbill valve, a switch valve, a
ball valve, or any other suitable valve.

[0045] As shown, for example, in FIG. 4, the apparatus can additionally include an cutlet
240 that functions to egress blood from the hollow body 200. The ouvtlet 240 preferably provides
a second fluid path for fluid egress that is different from the path of fluid mgress/fluid filtration.
The outlet 240 preferably permits fluid egress from the hollow body 200 duning the compression
stroke, when positive pressure 1s applied to the hollow body interior. The outlet 240 i3 preferably
located along the length of the hollow body 200, In some embodiments, the outlet 240 is
positioned between the filter module 500 and the piston head 420 in the first position 10; in othey
embodiments, the ontlet 240 is positioned between the filter module 500 and the piston head 420
in the second position 20, Thus, the filtered Hluid does not need to flow through the contaminated
fluid o egress from the hollow body 200. The outlet 240 preferably includes an outlet barb or
threading to which a blood bag, tubing, or any other suitable fransfusion wmechanism can be
coupled. The ratio between the cross-sectional area of the outlet 240 and the hollow body 200 is
preferably configured to lmut the maximuwm positive pressore to 8 suitable pressure, for example,
150 millimeters of mercury.

{0046} The outlet 240 can additionally include an outlet valve 242 between the outlet 240
and the body 200. The outlet valve 242 is preferably a passive, one-way valve, but can
alternatively be an active valve, 3 multi-way valve, or any other suitable valve. Example outlet

valves 242 include a duckbill valve, a swiich valve, a ball valve, or anv other suitable valve. In
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one embodiment of the apparatus 100, as shown in FIG. SA, the outlet valve 242 is preferably in
a closed position when the hollow body volume is under negative pressure andfor ig at ambient
pressure {e.g., atmospheric pressure), and as shown in FIG. 8B, is in an open position when the
hollow body volume 1s under positive pressure.

{0047} In another embodiment of the apparatus, the outlet valve 242 is in an open
position when the hollow body volume is under negative pressure, in an open position when the
hollow body volume is under positive pressure, and in a closed position when the hollow body
volume pressure is substantially equal to the atmospheric pressure. In this embodiment, a blood
bag containing an anticoagulant solution can be coupled to the outlet 240 prior 1o the mtake
stroke. When the piston 400 is moved through the intake stroke, blood and anticoagulant are
stmultaneously drawn into the hollow body velume through the mlet 300 and outlet 249,
respectively, wherem the blood mixes with the anticoagulant withm the hollow body volume.
Translation of the piston 400 tlwough the compression stroke then pushes the anticoagulant-
blood mixtare info the coupled blood transfusion device {e.g., blood bag). In this embodiment,
the outlet 240 can additionally mclude a nucrofilter that functions to filter microorganisms
and/or particulates from the anticoagulant solation prior to ingress into the hollow body volome;
the microfilter is preferably removed prior to solution egress from the hollow body 200. In some
embodiments, coupling a blood transfusion device {e.g., a blood bag) o the outlet 240 can switch
the outlet 240 from maintaining a closed position during the intake stroke to maintaining an open
position during the intake stroke.

{0048} Additionally or alternatively, the apparatus 108 can include a volume of
anticoagulant solution, for example, within the hollow body 200, wherein blood can mix with the
anticoagudant solubion upon ingress into the hollow body volume. The anticoagulant solution can
melude one or more antithrombotics, such as hepanin or coumarin compounds, one or more
thrombolytics, such as streptokinase or wrokinase, andfor one or more antithrombocytics. The
anticoagulant volume within the hollow body 200 is preferably less than the maximum bollow
body volume achieved when the piston head 420 is in the second position 20, In some
embodiments, the anticoagulant volume is less than half the maximum hollow body vohime.

Abemnatively, any suitable volume of anticosgulant solution can be included, wheremn the
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anticoagulant vohume s preferably determined based on the concentration of the anticoagulant
solution.

{0049} As shown, for example, in FIGS. SA-7, the apparatus can additionally include a
reservoir 320 that couples the nlet 300 1o the hollow body 200, The reservoir 320 15 preferably
substantially hollow, and defines a reservoir volume. The reservoir configuwation preferably
minimizes blood clot formation, and preferably promotes laminar flow and/or minimizes
twrbulent flow between the inlet 300 and the hollow body 200. For example, in various
embodiments, the reservoir 320 provides a smooth transition between the et 300 and the
hollow body 200. The reservonr 320 can additionally provide a region for Hquid and clotted
blood to enter the apparatus 100 with sufficient volume for the Haquid blood to separate from the
solid clots and enter the filter. The reservoir 320 then acts as a storage area for the clots that
canmot pass through the filter. The reservoir 320 of some embodiments, such as the embodunent
of FIG. 6, is unoccupied by other apparatus components. In such embodiments, the filter module
300 is positioned distal 1o the reservoir 320, The reservoir 320 of other embodiments, such as the
embodiment of FIG. 7, 1s partially or wholly occupied by the filter module 500 {e.g., when the
filter modhe S00 1s conical).

{0050} in one embodiment of the apparatus 100, the reservoir 320 1s conical, the mnlet 300
is located at the tip of the conical reservoir 320, and the hollow body 200 couples to the base of
the conical reservoir 320, The reservoir 320 can be a parabolic cone, an elliptical cone, a
Srustam, a ovhinder, or any other suitable shape, wherein the wlet 300 is preferably located at the
reservoir apex, concentric with the reservolr central axis, but can alternatively be located in any
other suitable position. The reservoir 320 and inlet 300 are preferably manufactured as a singular
prece, but can alternatively be manufactured as separate pieces.

{0051} Returning, for example, to FIG. 2, the apparatus can additionally include an inlet
coupling mechamsm 340 that removably couples the inlet 300 to the hollow body 200. More
preferably, the miet coupling mechanism 340 removably couples the reservoir 320 and miet 302
to the hollow body 200. The ialet coupling mechanism 340 preferably enables the apparatus to
be movable betwesn an open and closed configuration. In the open configuration, the reservoir
320 is at least partially decoupled from the hollow body 200 such that the filter module 500 can

be accessed. In some embodiments, the filter module 500 can be removed from the apparatus
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when the apparatus 100 is in the open configuration. In the open configuration of the inlet
coupling mechanism 340, the body valve 220/520 preferably seals the hollow body volume to
preveat contanination. In the closed configuration, the reservoir 320 perimeter preferably forms
a Hluid impermeable seal with the hollow body 200 penimeter. The reservoir-hollow body
junction can additionally include an O-ring or gasket to facilitate a better fluid seal. By allowing
the apparatus 100 to be opened, the mlet coupling mechanism 340 can allow for apparatus
disassembly, which can facilitate apparatus component sterilization (e.g., autoclaving), flter
replacement, and apparatus reuse.

0052} In one embodiment of the apparatus, the inlet coupling mechanism 340 includes
at least two complimentary copnecting mechanisms. The connecting mechanisms may be evenly
distributed about the reservoir 320 and bollow body 200 perimeters. In another embodiment of
the apparatus, the inlet coupling mechanism 340 mcludes a hinge rotatably connecting the
hollow body 200 and reservoir 320 and a connecting mechanism, wherein the connecting
mechanism and hinge cooperatively seal the reservoir 320 agamst the hollow body 200 when the
connecting mechanism is engaged. The connecting mechanism can include one or more clips,
screws, adhesives, latches, clips, bayonet locking components, spring-force mechamsms {e.g, a
rubber band that is stretched between the reservoir 320 and the hollow bedy 200 distal the
reservoir 320}, complementary threading, or any other saitable coupling mechanism.

{0053] The filter module S00 of the apparatus 100 functions to separate bloed clots from
the blood volume, wherein blood is preferably drawn across the filler modole 500 before
entering the hollow body volume during the intake swoke. In some embodiments, the filter
module 500 1s arranged within the hollow body 200 and preferably extends across an entire cross
section of the hollow body 200. The filter module 500 can aliernatively be partially or wholly
located within the reservoir 320. The filter module 300 can have any suitable shape. The filter
module 500 of some embodiments is cvlindrical {e.g., disc-shaped) with a diameter substantially
equivalent 10 the hollow body interior diameter. In other embodiments, the filter is conical; in
one embodiment, the conical filter substantially fills the volume of the reservoir 320, The filter
module 500 is preferably assembled such that it is concentric with the hollow body 200, but it
can be assembled in any suitable position relative to the hollow body 200, The filter module 300

of some embodiments is coupled to the hollow body 200 {e.g., within a filter module slot). The
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filter module 300 of other embodiments 1s coupled to the reservoir 320 {e.g., within a filter
module slot). In some embodiments in which the reservoir 320 1s removably attached to the
hollow body 200, removal of the reservoir 320 simultaneously removes the filter module 500 as
well In other embodiments, removal of the reservotr 320 exposes the filter module 500 for easy
removal from the hollow body 200,

{0054} The filter module 500 preferably includes at least one porous filter. The pore size
of the filter is preferably large enough to allow blood cells {e.g.. ervthrocytes) fo pass through the
filter, and is preferably small enough to filter out clots. The pore size 15 preferably no more than
170um (diameter), and in some embodiments, the pore size is between 40um to 170w, but in
other embodiments, the pore size can alternatively be larger or smaller. The pore size can be
selected based upon the application {e.n., dependent on the species from which the blood
originated). The pore size of some embodiments s substantially mniform throughout the filter,
but in other embodiments, it uniformly or non-uniformly varies throughout the filter. The filter of
some embodiments has 50% porosity, but in other embodiments, the filter can have any suitable
porosity between 8% and 100%. The filter 1s preferably made of a biocompatible matenial, such
as nvlon or polyester, but 1t can alternatively and/or additionally be made of cloth, paper,
ceramic, coated polymers, coated metals, or any other suitable material. The filter of some
embodiments is a substantially vniform, singular piece. In other embodiments, the filter is made
of multiple pleated filters extending radially from a central axis. The filter is preferably a disc or
block, but can alternatively be a membrane. The filter module 300 can nclude any suitable
number of filters with any sultable pore size, wherein the Hlters with larger pore sizes are
preferably disposed proximal to the filters with smaller pore sizes. In apparatus variations with
multiple filters, the filters are preferably adjoined (e.g., touching the adjacent filter), but can
alternatively be separated from the adjacent filter by a given distance.

j005S5] One embodiment of a filter module 500 is shown i FIGS. 8A-8C. The illustrated
filter module may form a portion of an autologons blood transfision device. For example, the
filter moduale 300 may form a portion of any embodiment of the apparatus 100 described
elsewhere herein. In various embodiments, the filter module S00 includes both a filter and a body
valve, and the filter module is configured to both filier fhud and control the flow of fluid through

the filter. Such embeodiments of the filter module are formed of a fiter mesh 540 {also referred to
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as a filter medium), a filter housing 510, and a body valve flap 520. The embodiments may
additionally include an inner column 530, Examples of some mdividual components of the filter
moduole are shown in FIGS. 9A-12. In particular, FIGS. 9A-9B provide one embodiment of a
filter housing 510, FIGS. 10A-10B provide one embodiment of a body valve Hap 520, FIG. 11
provides one embodiment of an inner coluwmp 339, and FIG. 12 provides one embodiment of a
filter mesh 540,

{0056} in the filter module embodiment of FIGS. 8A-8C, the filier mesh 548 is disposed
i the filter housing 310, The filter housing 510 13 formed of a side wall and has partially or fully
open proximal and distal faces. In some embodiments, the filter housing 510 18 formed of a
cyhindrical side wall. In some embodiments, the filter housing mcludes one or more protrusions
or other structural features on the side wall(s), for example, to facihtate a fluid-tight seal between
the filter module and the adjacent portions of the blood filtering apparatus. For example, as
showsn m FIGS, 9A-9B, in some embodiments, the filter housing 510 includes a side wall 512,
one or more an outwardly extendig protrusions 514 at a {irst end, and one or more mwardly
extending protrusions 516 at g second end. In some embodiments, the outwardly extending
protrusion 514 acts as a sealing swrface, compressing against the inner perimeter of the
component in which the filter module 500 is positioned {e.g., the bollow body 200 or the
reservoir 320} so as to create a seal between the filter module 500 and the inner penimeter of the
surrounding component. Such a seal prevents fluid from bypassing the filter medium. In some
embodiments, the mwardly extending protrusion 316 acts as a scaling surface, creating a seal
between the filier houasing 510 and the body valve flap 520 The sealing swrface 516 and body
valve flap 520 together create a temporary seal aeross @ face of the filter module 500 so as 1o
prevent fluid from exiting the filter module in the wrong divection.

{0057} In various embodiments, a body valve flap 320 1s positioned across the distal or
proximal face of the filter housing 510, In some embodiments, the body valve flap 520 and &ilter
housing 510 mchude nterlocking features, such as the mating holes 518 and protrusions 522
shown m FIGS. 8A-10B. Additionally or alternatively, an adhesive may be used to secuore the
bady valve flap 520 to the filter housing 310

{0038] In some embodiments, the body valve flap and/or one or more sealing surfaces

{e.g, outwardly extending protrusions 514 and mwardly extending protrusions 316} are
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mitegrally/monelithically formed with the side wall{s) 512 of the filter housing 510. In some
embodiments, the sealing surface(s) 514, 516 and/or body valve flap 520 are separately formed
and attachable to the filter housing. In some embodiments, the body valve flap 520 1s
mechamically or chemically bonded to a portion of the side wall 312 of the filter housing 510 or
the sealing surface 516.

{0659} The sealing surfaces of some embodinents are made of a thenmoplastic elastomer,
such as, for example, GLS Versaflex CL2242. The sealing surfaces of other embodiments ave
made from any number of common elastomers known to those skilled in the art. Exemplary
materials include, but are pot limited to, Buna-N, EPDM, Flueorosilicone, Neoprene,
Polvurethane, Silicone, and Viton. As shown, for example, i FIGS. 4A-I4B, i some
gmbodiments, the entire filter modale 500, or the entire filter module 300 except for the filier
mesh 340, i3 made of a transparent material to allow for visual spection for blood clots.

{0060} The filter 540 of vartous embodiments of the filter module 500 is formed of
mesh configared to remove any biological particulates not suitable for autologous transfosion. In
the iHlustrated embodinments, there are two lavers of filter mesh. The first laver has a coarse pore
size, for example, with pores m the range of 300 microns to I mm. The second layer has a finer
pore size, for example, n the range of 100-170 microns; such a size allows blood cells o pass
through the filler mesh while preventing the passage of larger components, such as blood clots
and bope particulates. In other embodiments, one laver of mesh 8 provided, winle i other

-

gmbodiments, three or more layers of mesh are included within the filter module. In various
embodiments having at least two fliers with different pore sizes, the fine filter preferably has a
pore size of less than 1701m, and more preferably between 40um and 1701am. The coarse filter
preferably has a pore size larger than the fine filter, and is preferably located closer to the inlet
300 than the fine hilter is, thereby acting as a pre~-filter. By removing larger clots before they can
engage with the smaller pores of the fine filter, the coarse filter can increase the longevity of the
original filter by preventing the fine filter from becoming clogged with the larger clots. The
coarse filter of some embodiments has a pore size no more than 170um {e.g., 80wm, 100um,
150um, e, but in other embodiments, the coarse filter has a pore size that is larger {e.g.,
200pm, 600um, O.lmm, etc.). The coarse filter of some embodiments is adjoined to the fine
filter; it can shternatively be retained 8 distance awsy from the fine filier. In one embodiment,
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both the coarse filter and the fine filter are discs of substantially the same diameter. In another
embodiment, the coarse filter is conical while the fine filter is substantially frustroconical,
wherein the coarse filter base has a diameter substantially equal to the diameter of the smaller
base of the fine filter, and the combined filter module 300 fits within the interior volume of the
reservoir 320.

{0061} In one embodiment, the filter module 300 s in the form of a filter canridge,
which can be remwovably coupled to the hollow body 200 or the reservoir 320, In some
embodiments, the hollow body 200 mcludes a nilter cartridge slot that the filter module 500 15
configored to fit within, The filter module 500 can be placed in or removed from the filter
cartridge slot, The filter module 500 and filter cartridge slot preferably form a seal therebetween,
such that blood flows substantially through the filter, and does not leak through the perimeter of
the filter module 300. The apparatus can additionally mclude an O-ring between the hilter
module 500 and filter cartridge slot to facthitate g sufficient seal.

{0862} During assembly of some embodiments, the filier mesh 340 13 placed or formed
within the filter housing 510 In some embodiments, for example, v some embodiments having a
cvlindrical filter module 500, the filter mesh 540 15 pleated in alternating folds and wrapped in a
cirele around an inner columm 3380, The pleats of some embodiments form triangle-shaped facets.
In some such embodiments, each pleat of the filter mesh 540 exiends the emwe height or a
substantial height of the cylindrical side wall 312 with the folds at or near the wp and bottom
{i.e., proximsl and distal faces) of the side wall 512 The side wall 512 of the filter housing $10
and the inser column 530 stabilize the Biter muesh 340 i place and help i maintain its shape. The
inner column 330 may be monolithically formed with the filter housing 5190, or the wner column
530 may be securely adbered or otherwase attached to the filter housing 31 In other
embodiments, the filter module 500 may be sized and shaped to it within a non-ovindrical,
tubular portion of a blood filtening apparatas 100, In such embodiments, the filter housing 510
mayv have a different polvgonal shape, such as, but not limited 1o, rectangular. In swch
embodiments, the pleated filter wesh 540 may have g maiching or otherwise complementary
shape. For example, 1 some embodiments, both the filter housing 310 and the pleated filter

mesh 340 are rectangnlar. In such embodiments, the inner column 330 may not be present. In
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vartous sntbodiments, the filter mesh 540 is oniented such that the open faces of each fold are
divecied towards the open faces {t.e., the distal and proximal faces) of the filler housing 510
0063} A bonding method may be used to secure the filter mesh 340 1o the filter housing
S10. In some embodiments, Loctite 3240 UV core adbhesive 15 wed o attach the filler 1o the
howsing. In other embodiments, other suriable biocompatible adhesives {e.g, UV cure, air dry,
vulcanizing, two-part) are used alone or in combination. Additionally, in some embodiments, the
filter housing 318 i3 overmolded to the filter 340, embedding a portion of the filter mesh 344
within the filter housing 310 andfor the mner cohunn 530 (f present).

j00064] The filter mesh 540 15 made of a material that 1s compatible with blood and hkely
to minimize damage to blood as the blood passes through the filter mesh In certain
gmbodiments, the filler mesh 30 18 plested and presented in a circular shape, allowing for
greater flow through the filter than a flat dizse. This maximizes the volume flow and reduces the
stress on the red blood cells to prevent cellular rupture. I the pressure on the cells nses above
130 mmHg of pressure, the likelibood of damage incresses significantly. Alternately, the filter
mesh 540 may be presented in other configurstions such as flat, curved, or contval shapes. The
hoosing 510 of some embodiments 15 made of an elastomer to enable a tight seal between the
blond filtering apparatus 100 and the flter module 300, The mner colump 330 of some
embodiments 18 made of the same or different elastomer as the filter housing 510, In other
embodmments, the maer column 530 is not elastomenc. In some embodiments, both the filter
houstog S10 and the muer column 330 (i present) are bonded to the filter mesh 540 to prevent
fhuid from bypassing the mesh 340,

j0065] in some embodiments, on one of the open faces of the filter housing 510 (e, on
the proximal or distal end), the body valve flap 320 covers the entive face and 18 partly attached
to the filter housing 510, In a preferred embodiment, the body valve tlap 320 covers the distal
face of the filter housing 510, As described above, the body valve flap 520 may be mechamcally
and/or chemically bonded to a portion of the filter housing 510, The flap 520, which is flexible,
opens by bending along g jomnt such that the pnattached portion of the fap 520 moves outward
away from the filter housing 310, An example of an open conBiguration s shown i FIG. 14AL
Opentag of the valve flap 520 stlows blood o flow through the filter mesh 540 and pass through

to another chamber of a blood filtering apparatus 100 {e.g., the hollow body 200} When closed,
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as shown, for example, m FIG. 148, the flap 320 rests against the filter housing 510 and extends
across the entirety of the face of the filler housing 510 s0 as to seal the face and prevent any
backflow through the filter 540. In various embodiments, the body valve flap 320 opens when a
sufficient pressure 18 created within the filter module 500, for exanple, as ocours when the piston
4} of the blood hltening apparatus 100 18 pulled distally upward or outward away from the filter
module 300, The body valve flap 520 closes when the pressure within the filter module 500 falls
below a pressure threshold, for example, wheu the piston 404 of the blood filtering apparatus 104
15 pushed proxmmally, towards the filter modale 300, The flap 5320 of various embodiments 15 a
Hexible matenal configured to minimize the pressure required o bend the flap open and enable
forward flow through the filter 340

[0066] In alternative embodiments of the apparatus 100, as shown for example in FIGS.
2, 4, SA and 3B, the body valve controlling fluid flow into the hollow body 200 15 separate from
the filter module 500, In such embodiments, the body valve 220 preferably extends across the
cross-section of the hollow body 200, such that the body valve 220 can form a substantially
fluid-impermeable seal against the walls of the hollow body imterior. The body valve 220 is
preferably located within the hollow body 200, between the filter module S00 and the piston 400
The general body valve location 15 preferably mamtained substantially static relative to the filter
module 500 by the hollow body 200. For example, the body valve 220 of some embodiments
rests within a groove defined on the intertor wall of the hollow body 200. The bedy valve 220 is
preferably a passive, one~way valve, but it can alternatively be an active valve {e.g., electuically
driven), a two-way valve, or any other suitable valve. Examples of body valves 220 include
switch body valves, duckbill valves, ball valves, or any other suitable valve.

{0067} The body valve 220/520 of various embodunents is preferably in an open posttion
during the intake stroke, when negative pressure is apphied to the hollow lmdy interior. The body
valve 220/520 is preferably in a closed position during the compression stroke, when positive
pressure is applied 1o the hollow body interior, or when the hollow body interior pressure is
substantially equal to the pressure of the ambient environment {e.g., when the piston 400 is at
rest relative to the hollow body 200). By maintaming a closed position during the compression
stroke, as shown in FIG. 5B, the body valve 220/520 can facilitate positive pressure generation

within the hollow body volame, thus facilitating blood flow out of the hellow body 200 via the

18



cutlet 240, Alternatively, the body valve 220/520 can be in an open position during the
compression stroke, when positive pressure is apphed to the hollow body interior, wherein the
blood within the hollow body 200 is epressed through the inlet 300. In another embodiment of
the apparatus 100, the body valve 220/320 moves between the closed state to the open state
during the intake stroke, and moves from the open state to the closed state during the
compression stroke. The body valve 220/520 can alternatively have anv other suitable
configuration.

jO068] in some embodiments, the components of the apparatus 100 are made of matenals
that can withstand sterilization processes, such as heat sterilization, radiation sterilization, or
chemical stertlization. Example sterilization processes include autoclaving, UV light exposure,
or bleaching, Furthermore, the apparatus components are preferably made of one or more
biocompatible materials, more preferably bicinert materials. Exaniple materials inclade Topas-
Cyclic Olefin Copolymers {TCOC), Makrolon & {Baver MaterialScience), polvearbonate,
polvethylene  terephthalate  (PET),  polytetrafluorcethylene  (PTFE),  polyethyiene,
pobvmethylmethacrylate  (PMA), biocompatible polvmers, biocompatible ceramics, and
biocompatible metals, such as titantom, stainless steel. However, the apparatus components can
be made of any suitable material. The apparatus components can additionally include a coating.
In one variation of the apparatus, the coating can decrease blood clotting. In another variation of
the apparatus, the coating is a biocompatible coating; this can be desirable if the apparatus
component is made of a biologically inconmpatible matenial. The coating can inchude silicone, an
anticoagelant coating {e.g, EDTA, citrate, oxlate, ete), or any other suitable coating The
apparatus componenis are preferably injection mwolded, but can alternatively be simtered,
stamped, or manufactured vsing any other swtable method.

{0069} In an alternative embodiment, the filtering module 500 described above may be
used with an alternate blood filtering apparatus, such as the blood filtering apparatus of FIG. 15
As ilustrated in FIG. 15, the blood filtering apparatus may be formed of any fluid uptake device
600 that has a fluid passageway 610 and an ability to create a negative internal pressure within
the fluid passageway 610 so as to facilitate fluid uptake. For example, the uptake device 600 may
be an eve dropper {(i.2., a Pastew pipette}, with a deformable top. Alternatively, the uptake device

600 may be a straw, tube, or pipe. In such embodiments, negative internal pressure may be
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created by manually sucking on a distal end of the uptake device or by connecting the distal end
to a pomp, a vacuum, a deformable bulb, or other suitable device. In these alternative
embodiments, the filtering module 500 may be sized to {it within the passageway 610 of the fluid
uptake device 600.

{0078} In one embodiment of a method, the method tncludes providing a blood filtering
apparatus, The blood filtering apparatus may have any or all of the featwres described elsewhere
heremn. As one non-limiting example, the apparatas inclades a hollow body 200, a reservoir 320
with an inlet 200 connected to a hollow body 200 end, a piston 400 shdably disposed within the
hollow body 200, and a filter module 300 within the hollow body 200 between the piston 400
and the inlet 300. The filter module 300 inchades a filter 540 and a body valve 520, The hollow
body 200 further includes outlet 240, and an outlet valve 242, and the reservoir 320 further
includes an inlet valve 302. The reservoir 320 and hollow body 200 may be removably coupled
by a baycmﬁt-'ieekigg mechanism or any other suitable connecting mechanism, The piston 400
mchides a piston head 420 with substantially the same diameter as the mner diameter of the
hollow body 200, a shaft 440 coupled to the piston head 420, and a handle 460 coupled to the
shaft 448,

00711 The method further includes moving the piston 400 through the intake stroke,
wherein movement of the piston 400 through the intake stroke opens the inlet valve 302 and the
body valve 520 and draws fluid (e.g., blood) through the inlet and the filter 340 into the hollow
body 200, In Howing through the filter 340, the flwd is separated from undesired particolates
the fluid. For example, blood may eater into the hollow body 200, while the filier 340 blocks
blood clots and large biological particulates from passing through to the hollow body. The bedy
valve 320 may close upon completion of the intake stroke so as to prevent backflow of fluid
through the filter 540. The method may additionally mclude moving the piston 400 through the
compression stroke, wherein movement of the piston 400 through the compression stroke opens
the outlet valve 242 and egresses fluid through the outlet 240, In some embodiments, a blood bag
or transfusion tube 15 coupled to the outlet valve 242 prior to blood egress 1o collect the filtered
blood. The valves are preferably all closed when the piston 400 1s not translating.

{06721 In another embodiment, movement of the piston 400 through the intake stroke

opens the inlet valve 302, body valve 520, and outlet valve 242, simultaneously drawing blood
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and fluid (e.g, anticoagulant solution) from the blood source {e.g., patient or collection volume}
and coupled blood bag, respectively. Movement of the piston 400 through the compression
stroke closes the inlet valve 302 and body valve 220 and opens the outlet valve 242, allowing
blood egress out of the outlet 240 nto the blood bag.

{0073} In another embodiment, movement of the piston 400 through the intake stroke
opens the infet valve 302 and the body valve 520, and draws blood through the filter mnto the
hollow body volume. The piston 400 position 1s retained by the substantially equal force between
the hollow body volume and the ambient environment. All valves are preferably closed when the
piston 400 posttion is maintained. The reservoir 320 is decoupled from the hollow body 200 and
the filter module 500 removed; the closed body valve 520 preferably mamtains the hollow body
volume sterility and pressure duning this process, The reservoir 320 is then re-coupled to the
hollow body 200, and movement of the piston 400 through the compression stroke opens the
body valve 520 and egresses blood through the tnlet 300, The original reservoir 320 can be used,
a new filter module 300 can be mstalled, or a new reservoir 320 can be used for blood egress
from the hollow body volume. This aslternative can additionally include decoupling the piston
400 shafi 440 and handle 460 from the piston head 42{ to retamn the piston 408 position.

j0074] Asx used in the description and claims, the singulay form “a”, “an™ and “the”
include both singular and plural references unless the context clearly dictates otherwise. For
example, the term “a filter” may include, and 1s contemplated to include, a plurality of filters. At

YL

times, the claims and disclosure may include terms soch as “a plurahity,” “one or more,” or “at
least one;™ however, the absence of such terms is not intended to mean, and should not be
interpreted to mean, that g plurality is not concetved.

{0075] The term “about” or “approximately.”™ when ased betore a numerical designation
or range {e.g., 1o define a length or pressure}, indicates approximations which may vary by { +)
or { -} 5%, 1% or 0.1%. Al numerical ranges provided herein are inclusive of the stated start
and end numbers. The term “substantially” indicates mostly {i.e., greater than 50%) or essentially
all of a device, substance, or composition.

{0076] As used herein, the term “comprising” or “comprises” is intended to mean that the
devices, systems, and methods include the recited elements, and may additionally mclude any

other elements. “Consisting essentially of” shall mean that the devices, systems, and methods



include the recited elements and exclude other elements of essential significance to the
combimnation for the stated purpose. Thus, a system or method consisting essentially of the
elements as defined herein would not exclude other materials, features, ov steps that do not
materially atfect the basic and novel characteristic(s) of the claimed invention. “Consisting of”
shall mean that the devices, systems, and methods include the recited elements and exclude
anvthing more than a trivial or inconsequential element or step. Embodiments defined by each
of these transitional terms are within the scope of this disclosure.

j0077} The examples and illustrations imcluded herein show, by way of illustration and
not of limitation, specific embodiments in which the subject matter may be practiced. Other
embodiments may be utilized and derived therefrom, such that structural and logical
substitations and changes may be made without departing from the scope of this disclosure.
Such embodiments of the inventive subject matter may be referred to herein mdividually or
collectively by the term “invention” merely for convenience and without mtending to veluntarily
fimit the scope of this application {0 any single invention or inventive concept, if more than one
1s disclosed. Thus, although specific embodiments have been illustrated and described herein,
any arrangement calculated to achieve the same purpose may be substituted for the specific
embodiments shown. This disclosure is intended to cover any and all adaptations or variations of
varioas embodiments.  Combinations of the above embodiments, and other embodiments not
specifically described herein, will be apparent to those of skill in the art upon reviewing the

above description.
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CLAIMS

1.

2.

A removable filter module for a blood filtering apparatus, comprising:

a filter housing formed of one or more side walls, the filter housing having a partially or

fully open proximal face and distal face;

a filter medium disposed within the filter housing, in which the filter medium is formed
of a mesh comprising pleated triangle-shaped facets, and in which the mesh has a
plurality of pores sized to prevent passage of blood clots and large biological
particulates through the pores while permitting passage of blood cells through the pores;

and

a body valve positioned on a proximal end of the filter housing, the body valve being
partially attached to the filter housing via a joint, the body valve movable between an
open and a closed configuration, in which, in the closed configuration, the body valve
seals the proximal face of the filter housing , and in which, in the open configuration,
the body valve bends at the joint such that one or more unattached portions of the body

valve move outward away from the filter housing;

an inlet positioned on a distal end of the body valve and configured to receive blood;

and

a hollow body positioned at a proximal end of the body valve and configured to store

filtered blood,

in which the hollow body comprises an outlet on a sidewall of the hollow body, the

outlet configured to egress filtered blood.

A removable filter module according to Claim 1, in which the filter module is sized and

configured to fit securely within a blood filtering apparatus and to form a liquid-tight seal with

an inner wall of the blood filtering apparatus.

3.

A removable filter module according to Claim 2, further comprising a sealing surface

protruding from the one or more side walls of the filter housing, in which the sealing surface

is configured to compress against the inner wall of the blood filtering apparatus.

4.

A removable filter module according to Claim 3, in which the filter housing and the

sealing surface are monolithic.

23



10

5. A removable filter module according to Claim 3, in which the filter housing, the sealing

surface, and the body valve are monolithic.

6. A removable filter module according to Claim 1, in which the filter housing is

cylindrical.

7. A removable filter module according to Claim 2, in which the body valve opens when a

negative pressure is created within the blood filtering apparatus.

8. A removable filter module according to Claim 1, in which the filter housing is

transparent.

9.  The removable filter module according to Claim 1, in which the filter medium

comprises a biocompatible material.

10. The removable filter module according to Claim 9, in which the biocompatible material

includes nylon or polyester.
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