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SYSTEMS AND METHODS FOR MEDICAL DEVICE CONTROL

[0001] This application claims priority to United States Provisional Patent
Application 62/244,398, which was filed on October 21, 2015, and United States Provisional
Patent Application 62/381,116, which was filed on August 30, 2016. Each of the above-

referenced applications is incorporated by reference in its entirety.

[0002] The present application relates to systems and methods for control of fluid

delivery to and from a medical device, including devices for tissue processing and cleaning.

[0003] Some surgical procedures require use of tubes, hoses, or other conduits to
transfer fluids, gases, and/or tissue products between a patient and a treatment system or
device, or among systems and devices. Some surgical procedures are multi-step processes
requiring connection and disconnection of hoses from input and output ports. For example,
using some adipose tissue transfer systems, surgical personnel may need to perform over one
hundred combined user actions and decisions. Some of these user actions involve enabling
and disabling a vacuum source or adding or removing tissue or washing solutions to a tissue

storage and treatment container.

[0004] Keeping track of the state of tube connections in some surgical procedures
creates a burden on the practitioner. The user effort needed to manage the tube connections is
not negligible and can increase the total time to perform procedures. Although organizational
technologies such as color-coding exist, they cannot eliminate the burden of needing to assess

the state of each individual tube at multiple points throughout a procedure.

[0005] In an embodiment of the present invention, a tissue treatment system
includes a container and a flow management device. The container includes an exterior wall
surrounding an interior volume for holding tissue. The container also includes a filter
structure for processing tissue. The flow management device includes a first plate having a
plurality of first openings passing therethrough. The flow management device also includes a
second plate having a plurality of second openings passing therethrough. The flow
management device also includes a third plate having one or more third openings passing
therethrough. The first plate, second plate, and third plate are operably connected. Setting the
third plate in a first position places a first subset of the plurality of first openings in fluid
communication with a first subset of the plurality of second openings. Setting the third plate

in a second position places a second subset of the plurality of first openings in fluid
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communication with a second subset of the plurality of second openings. Setting the third
plate to a third position places a third subset of the plurality of first openings in fluid

communication with a third subset of the plurality of second openings.

[0006] In an embodiment of the present invention, a flow management device
includes a first plate having a plurality of first openings passing therethrough. The flow
management device also includes a second plate having a plurality of second openings
passing therethrough. The flow management device also includes a third plate having one or
more third openings passing therethrough. The first plate, second plate, and third plate are
operably connected. Setting the third plate in a first position places a first subset of the
plurality of first openings in fluid communication with a first subset of the plurality of second
openings. Setting the third plate in a second position places a second subset of the plurality of
first openings in fluid communication with a second subset of the plurality of second
openings. Setting the third plate to a third position places a third subset of the plurality of first

openings in fluid communication with a third subset of the plurality of second openings.

[0007] In an embodiment of the present invention, a tissue treatment system
includes a container and a tube management device. The container includes an exterior wall
surrounding an interior volume for holding tissue and a filter structure for processing tissue.
The tube management device includes a tube restrictor plate having a plurality of tube
through-holes and a tube stabilizer plate having a plurality of tube through-holes. A plurality
of flow-restricting devices is disposed on the tube restrictor plate adjacent to the plurality of
tube through-holes. The tube management device further includes a multi-position switch. A
plurality of tubes passes through the tube through-holes. Moreover, setting the multi-position
switch to a first position causes the plurality of flow-restricting devices to restrict the flow in
a first subset of the plurality of tubes to transfer tissue from a patient to the interior volume,
setting the multi-position switch to a second position causes the plurality of flow-restricting
devices to restrict the flow in a second subset of the plurality of tubes to allow processing of
the tissue in the interior volume, and setting the multi-position switch to a third position
causes the plurality of flow-restricting devices to restrict the flow in a third subset of the

plurality of tubes to allow transfer of the tissue out of the interior volume.

[0008] In an embodiment of the present invention, a method of managing surgical
conduits is described. The method includes providing a plurality of tubes and a plurality of

flow-restricting devices within a device body, each of the flow-restricting devices proximal to
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at least one of the plurality of tubes. The method also includes providing a multi-position
switch wherein flow in a first subset of the plurality of tubes is restricted by the plurality of
flow-restricting devices when the multi-position switch is in a first position and flow in a
second subset of the plurality of tubes different than the first subset is restricted by the
plurality of flow-restricting devices when the multi-position switch is in a second position.
The method also includes switching from the first position of the multi-position switch to the

second position of the multi-position switch.

[0009] In an embodiment of the present invention, a tube management device
includes a tube restrictor plate having a plurality of tube through-holes and a tube stabilizer
plate having a plurality of tube through-holes. A plurality of flow-restricting devices is
disposed on the tube restrictor plate adjacent to the plurality of tube through-holes. The tube
management device also includes a multi-position switch and a plurality of tubes that pass
through the pluralities of tube through-holes. Setting the multi-position switch of the tube
management device to a first position causes the plurality of flow-restricting devices to
restrict the flow in a first subset of the plurality of tubes, setting the multi-position switch to a
second position causes the plurality of flow-restricting devices to restrict the flow in a second
subset of the plurality of tubes, and setting the multi-position switch to a third position causes
the plurality of flow-restricting devices to restrict the flow in a third subset of the plurality of

tubes.

[0010] In an embodiment of the present invention, a tissue treatment system
includes a container and a flow management device. The container includes an exterior wall
surrounding an interior volume for holding tissue. The container also includes a filter
structure for processing tissue. The flow management device includes a first plate having a
plurality of first openings passing therethrough. The flow management device also includes a
second plate having a plurality of second openings passing therethrough. The first plate and
the second plate are operably connected. Setting the first plate in a first position places a first
subset of the plurality of first openings in fluid communication with a first subset of the
plurality of second openings. Setting the first plate in a second position places a second
subset of the plurality of first openings in fluid communication with a second subset of the
plurality of second openings. Setting the first plate to a third position places a third subset of
the plurality of first openings in fluid communication with a third subset of the plurality of

second openings.
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[0011] In an embodiment of the present invention, a flow management device
includes a first plate having a plurality of first openings passing therethrough. The flow
management device also includes a second plate having a plurality of second openings
passing therethrough. The first plate and the second plate are operably connected. Setting the
first plate in a first position places a first subset of the plurality of first openings in fluid
communication with a first subset of the plurality of second openings. Setting the first plate in
a second position places a second subset of the plurality of first openings in fluid
communication with a second subset of the plurality of second openings. Setting the first
plate to a third position places a third subset of the plurality of first openings in fluid

communication with a third subset of the plurality of second openings.

[0012] In an embodiment of the present invention, a flow management device
includes a body including a plurality of first openings and a plurality of second openings. The
flow management device also includes a multi-position switch. The flow management device
also includes a spindle within the body and coupled to the multi-position switch, the spindle
including a plurality of third openings. Setting the multi-position switch to a first position
places a first subset of the plurality of first openings in fluid communication with a first
subset of the plurality of second openings via a first subset of the plurality of third openings.
Setting the multi-position switch to a second position places a second subset of the plurality
of first openings in fluid communication with a second subset of the plurality of second
openings via a second subset of the plurality of third openings. Setting the multi-position
switch to a third position places a third subset of the plurality of first openings in fluid
communication with a third subset of the plurality of second openings via a third subset of the

plurality of third openings.

[0013] In an embodiment of the present invention, a flow management device
includes a plurality of diaphragm units. Each diaphragm unit includes a flexible diaphragm, a
first opening, and a second opening. The diaphragm units have an open position wherein the
first opening and second opening are in fluid communication and a closed position wherein
the first opening and the second opening are not in fluid communication. The flow
management device also includes a rotating plate including one or more protrusions. Each
protrusion is capable of pressing against the flexible diaphragm of a diaphragm unit to place
the diaphragm unit in the closed position. Rotating the rotating plate to a first position places

a first subset of the diaphragm units into the closed position. Rotating the rotating plate to a
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second position places a second subset of the diaphragm units into the closed position.
Rotating the rotating plate to a third position places a third subset of the diaphragm units into

the closed position.

[0014] In an embodiment of the present invention, a tissue treatment device
includes a container. The container includes an exterior wall surrounding an interior volume
for holding tissue and a filter structure for processing tissue. The filter structure includes a

mesh wall and a frame supporting the mesh wall.

[0015] In an embodiment of the present invention, a tissue treatment system
includes a container and a flow management device. The container includes an exterior wall
surrounding an interior volume for holding tissue and a filter structure for processing tissue.
The flow management device includes a first barrier wall having a plurality of first openings
passing therethrough. The flow management device includes a second barrier wall having a
plurality of second openings passing therethrough. The flow management devices includes a
third barrier wall having one or more third openings passing therethrough. The first barrier
wall, second barrier wall, and third barrier wall are operably connected. Setting the third
barrier wall in a first position places a first subset of the plurality of first openings in fluid
communication with a first subset of the plurality of second openings. Setting the third barrier
wall in a second position places a second subset of the plurality of first openings in fluid
communication with a second subset of the plurality of second openings. Setting the third
barrier wall in a third position places a third subset of the plurality of first openings in fluid

communication with a third subset of the plurality of second openings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 illustrates a tissue treatment system according to various

embodiments;

[0017] FIG. 2 is an exploded view of a tube management device according to

various embodiments;

[0018] FIG. 3 is a top view of one embodiment of a tube restrictor plate and a
tube stabilizer plate, which are components of a tube management system according to the

present invention;
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[0019] FIG. 4 illustrates a decision matrix for determining the status of assorted

system inputs in an exemplary tissue transfer system, as described in various embodiments;

[0020] FIG. 5 is an exploded view of an alternative tube management device

according to the present invention;

[0021] FIG. 6 illustrates a variant of the tube management device displayed in

FIG. 5, according to various embodiments;

[0022] FIG. 7 is a top view of a tube restrictor plate and a tube stabilizer plate of

the tube management device of the embodiment shown in FIG. 6;

[0023] FIG. 8 illustrates a tube management device according to various

embodiments.

[0024] FIG. 9A illustrates a tissue processing device including a flow

management device in accordance with various embodiments of the present disclosure.

[0025] FIG. 9B illustrates a cutaway view of the flow management device of FIG.

9A in accordance with various embodiments of the present disclosure.

[0026] FIG. 9C illustrates a partial view of a component of the flow management

device shown in FIG. 9B in accordance with some embodiments of the present disclosure.

[0027] FIG. 9D illustrates a side cross-sectional view of the flow management

device of FIG. 9B in accordance with some embodiments of the present disclosure.

[0028] FIGS. 10A and 10B illustrate cross-sectional views of portions of flow

management devices in accordance with various embodiments of the present disclosure.

[0029] FIG. 11A illustrates a cutaway view of a tissue treatment system including
an integrated flow management device in accordance with various embodiments of the

present disclosure.

[0030] FIG. 11B illustrates an exploded view of the tissue treatment system of
FIG. 11A.

[0031] FIG. 12A illustrates a cutaway view of a tissue treatment system including

a flow management device subassembly in accordance with various embodiments of the
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present disclosure.
[0032] FIG. 12B illustrates an exploded view of the tissue treatment system of
FIG. 12A.

[0033] FIG. 13A illustrates a flow management device including a spindle in

accordance with various embodiments of the present disclosure.

[0034] FIG. 13B illustrates a cross-sectional view of the flow management device

shown in FIG. 13A.

[0035] FIG. 14A illustrates a cross-sectional view of a flow management device
including a diaphragm valve in an open position in accordance with various embodiments of

the present disclosure.

[0036] FIG. 14B illustrates a cross-sectional view of the flow management device
including a diaphragm valve in a closed position in accordance with various embodiments of

the present disclosure.

[0037] FIG. 15A illustrates a tissue treatment system including a turbine in

accordance with various embodiments of the present disclosure.

[0038] FIG. 15B illustrates a magnified view of a portion of the system of FIG.
15A showing the connection between the turbine and a mount for mixing blades in

accordance with various embodiments of the present disclosure.

[0039] FIG. 15C illustrates a cutaway view of the turbine incorporated into the

system of FIG. 15A in accordance with various embodiments of the present disclosure.

[0040] FIG. 15D illustrates engagement of a turbine with a mixing shaft through a

gear system in accordance with various embodiments of the present disclosure.

[0041] FIGs. 16A and 16B illustrate various mesh filters for use in tissue

treatment systems according to various embodiments of the present disclosure.

[0042] FIGs. 17A and 17B illustrate a disassembled and assembled filter

structure, respectively, according to various embodiments of the present disclosure.

[0043] FIG. 17C illustrates a tissue treatment system including a filter structure.
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[0044] FIG. 18A illustrates an exploded view of a conical mesh filter for use in

tissue treatment systems according to various embodiments of the present disclosure.

[0045] FIG. 18B illustrates placement of the filter of FIG. 18A in a tissue

treatment system according to various embodiments of the present disclosure.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0046] Reference will now be made in detail to certain exemplary embodiments
according to the present disclosure, certain examples of which are illustrated in the
accompanying drawings. Wherever possible, the same reference numbers will be used

throughout the drawings to refer to the same or like parts.

[0047] In this application, the use of the singular includes the plural unless
specifically stated otherwise. In this application, the use of “or” means “and/or” unless stated
otherwise. Furthermore, the use of the term “including,” as well as other forms such as
“included” and “includes,” is not limiting. The section headings used herein are for
organizational purposes only and are not to be construed as limiting the subject matter
described. All documents, or portions of documents, cited in this application including but
not limited to patents, patent applications, articles, books, and treatises are hereby expressly

incorporated by reference in their entirety for any purpose.

[0048] As used herein, "adipose tissue" refers to adipose tissue obtained by any
means including, for example, liposuction and/or tumescent liposuction. In addition, the
adipose tissue may be substantially intact or may be altered by, for example, washing with
saline, antimicrobials, detergents, or other agents; the addition of therapeutic agents such an
analgesics, antimicrobials, and anti-inflammatories; the removal of some cells or acellular
components; or disruption or alteration by the collection process itself including, for example,
during liposuction or tumescent liposuction. The adipose tissue can be autologous tissue,

allogeneic tissue, or xenogenic tissue (e.g., porcine tissue).

[0049] As described above, some surgical procedures require use of tubes, hoses,
or other conduits to transfer fluids, gases, and/or tissue products between a patient and a
treatment system or device, or among systems and devices. Multi-step procedures are not
uncommon and may require connection and disconnection of hoses from input and output

ports. For example, a system for adipose tissue transfer and processing (e.g., adipose
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washing) can require over one hundred combined user actions and decisions, including
enabling and disabling vacuum sources or adding or removing tissue or washing solutions to
a tissue storage and treatment container. The maintenance and verification of tube
connections during a surgical or medical procedure can be non-trivial, especially when the

procedure has a time-sensitive component.

[0050] Various human and animal tissues can be used to produce products for
treating patients. For example, various tissue products have been produced for regeneration,
repair, augmentation, reinforcement, and/or treatment of human tissues that have been
damaged or lost due to various diseases and/or structural damage (e.g., from trauma, surgery,
atrophy, and/or long-term wear and degeneration). Fat grafting, including autologous fat
grafting, can be useful for a variety of clinical applications including facial fillers, breast
augmentation, buttock augmentation/sculpting, augmentation of other tissue sites, correction
of lumpectomy defects, cranial-facial defect correction, and correction of lipoplasty defects

(e.g., divots).

[0051] To prepare tissue for autologous fat grafting, tissue cleaning and
processing must be performed. The process of grafting typically involves steps such as
removal of tissue from a patient with a syringe or cannula. The removed tissue is pulled into a
tissue processing container where unwanted components of the tissue can be separated and/or
the tissue can be cleaned using various solutions. A typical system might include meshes for
filtration and separation, cranks connected to mixing blades, and several input and output
ports (e.g., to add or remove processing fluids and to transfer tissue). Once the tissue is
sufficiently prepared, it must be removed from the container and injected or grafted back into
the patient. During transfer steps, vacuum devices help move the tissue from location to
location. However, it is desirable to disconnect the vacuum pressure during processing steps.
In addition, the tissue-carrying tubes that are not in use during any given step should be

blocked to maintain the sterility of the system.

[0052] Turning to FIG. 1, an illustrative embodiment of a tissue treatment system
100 is shown. As shown, the tissue treatment system 100 can include a container having an
exterior wall 110 surrounding an interior volume. The interior of the container can also
contain filters, mixing blades, hoses, and other components to enable washing and
conditioning of tissue. The system 100 can include a tube management device 101 to

facilitate operation of the system 100. Tubes can pass from the exterior of the system 100 to
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the interior through ports 102 of the tube management device 101, and tube restrictor devices
(discussed below) within the tube management device 101 can control which tubes are open
and which are blocked for a given system configuration. The system configuration is
determined by the setting of a multi-position switch 103. In some embodiments, the system
100 can be provided with a carry handle for convenient handling by a user. In some
embodiments, the tube management device 101 can hold a blocked tube against at least 1

atmosphere (i.e., about 75 cmHg) of vacuum without leaking.

[0053] As used herein, the terms “tube,” “hose,” “conduit,” or similar language
will be used interchangeably and will be understood to refer to any passageway having a

lumen configured to allow passage or fluids, gases, and/or tissue products therethrough.

[0054] An exploded view of one embodiment of a tube management device 101 is
shown in FIG. 2. The tube management device 101 may include ports 102a, 102b, 102c and a
multi-position switch 103. Tubes can pass through the ports 102a, 102b, 102¢ and then
through a tube restrictor plate 104 and a tube stabilizer plate 107 before passing out of the
device 101. Based on the position of the multi-position switch 103, restrictor elements 105 on
the tube restrictor plate 104 can allow or obstruct flow through each of the tubes. In some
embodiments, the contents of the tube management device 101 can be contained within an
exterior wall 108 that forms a body. In alternate embodiments, the components of the tube

management device 101 can be attached directly to the structure of the container 110.

[0055] The ports 102a, 102b, 102c can have a variety of configurations. In
accordance with various embodiments, the ports 102a, 102b, 102¢ may be straight-walled or
barbed; threaded or unthreaded; and have no fittings, luer fittings, swaged fittings, or any
other type of connector suitable for a specific application. Although the ports 102a, 102b,
102¢ are depicted as extending out from the body of the tube management device 101, the
ports may also be threaded or unthreaded holes or recesses or may extend inward from the
surface into the body of the device 101. Although only three ports are depicted in FIG. 2, any
number of ports can be chosen to match the number of tubes needed in a particular
application. Substances including, but not limited to, gases, liquids, chemical solutions, and
biological tissues can flow into or out from the ports 102a, 102b, 102¢c depending upon the
position of the multi-position switch and the requirements of any particular step of the

medical procedure.

10
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[0056] The position of the multi-position switch 103 can be used to switch among
different device configurations. In some embodiments, the multi-position switch 103 is a
rotating body or knob, and the rotational angle of the body determines the switch state. In
accordance with various embodiments, the multi-position switch 103 may be any mechanical
or electronic switch (including rotational or linear throw switches) that, through appropriate
linkages, can alter the state of openness of tubes passing through the device. In some
embodiments, the multi-position switch 103 can include non-slip grips or similar features to
facilitate easier operation by a user, in particular by a user wearing surgical gloves. The
positions of the multi-position switch 103 may correspond to steps in a procedure. For
example, the steps in a procedure might include liposuction/tissue extraction, hold and mix,

irrigation, and vacuum/clear steps.

[0057] The tube restrictor plate 104 can block or allow flow through tubes that
pass through the tube through-holes of the plate 104 through the use of flow-restricting
devices. In accordance with various embodiments, and as depicted in FIGS. 2 and 3, the tube
restrictor plate 104 may be provided with flow-restricting devices 105 in the form of
contoured radial slots. The slots 105 can have a slot width that varies according to the desired
action of the slot upon a tube for each angular position of the tube restrictor plate 104. For
example, each slot 105 may include two slot widths that correspond to either unrestricted
flow in a tube or complete blockage of flow in a tube. Alternatively, each slot may have a
range of widths corresponding to different levels of flow restriction. In some embodiments,

the tube restrictor plate 104 can comprise an acrylic material.

[0058] In FIG. 3, a tube restrictor plate 104 is shown overlaid upon a tube
stabilizer plate 107 with slots 105a, 105b, 105c¢ indicated. The example embodiment of a tube
restrictor plate 104 shown in FIG. 3 illustrates tube through-holes in the form of contoured
radial slots 105a, 105b, 105¢ suitable for a tube management device 101 having a multi-
position switch 103 with three positions. The contoured radial slots 105a, 105b, 105¢ of the
tube restrictor plate 104 are overlaid in this top view on the tube through-holes 115a, 115b,
115c¢ of the tube stabilizer plate 107. In this figure, the position of tube restrictor plate 104
with respect to tube stabilizer plate 107 places slots 105a, 105b, 105c¢ in the first position over
tube through-holes 115a, 115b, 115¢. Activation of the multi-position switch 103 can cause
the tube restrictor plate 104 to rotate in the direction shown by the arrow while the tube

stabilizer plate 107 stays in place. As a result, the radial slots can advance to the second or

11
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third position as needed. In one embodiment, activation of the multi-position switch 103 can
cause the tube stabilizer plate 107 to rotate while the tube restrictor plate 104 stays in place.
In accordance with various embodiments, the system 100 can be provided with a plurality of
tube restrictor plates 104 having different arrangements of slots 105a, 105b, 105¢ intended
for different procedures having different steps. In these embodiments, the user may choose
one of the plurality of tube restrictor plates 104 to place within the body 108 of the device
101 depending upon the application.

[0059] The tube restrictor plate 104 may have locating features 106 that can
interlock with the multi-position switch 103. The locating features 106 can help the user align
the tube restrictor plate with the multi-position switch 103 and within the tube management
device 101 so that the contoured radial slots 105a, 105b, 105¢ are properly in-line with their
respective ports 102a, 102b, 102c. In addition, the locating features 106 can match with
complementary features on the multi-position switch so that the switch’s position reflects the
proper tubing state within the tube management device 101. In some embodiments, the
locating features 106 can fix the multi-position switch 103 to the tube restrictor plate 104

such that they move in concert when the switch is rotated.

[0060] The tube management device 101 can have a tube stabilizer plate 107. The
tube stabilizer plate 107 may have tube through-holes 115 to allow tubes to pass
therethrough. In some embodiments, the diameter of each of the tube through-holes 115 in
the tube stabilizer plate 107 may be equal or approximately equal to the outer diameter of the
corresponding tube that passes through the hole 115 to provide a secure fit around the outside
of each tube without compression. The tube stabilizer plate 107 can hold the tube in position
so that activation or movement of the tube restrictor plate 104 cannot twist, reorient, or move

the tubes.

[0061] As discussed above, the system 100 can be used to operate surgical
systems, such as adipose tissue transfer systems. Accordingly, an exemplary decision matrix
400 for an adipose tissue transfer process is shown in FIG. 4. The decision matrix may be
used to determine the open/closed status of any tubes in the system during any steps of an
adipose transfer procedure. In some embodiments, a tissue treatment system 100 similar to
that shown in FIG. 1 can have 4 tube inputs that are either open or blocked during a given
step of a medical procedure. In a liposuction or aspiration 402 step, the tube to the liposuction

cannula and the vacuum tube may be open while the irrigation tube and vent tube are closed.
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In a hold and mix or washing 404 step, all 4 inputs can be blocked. In an irrigation or transfer
406 step, the tube to the liposuction cannula and the vacuum tube may be closed while the
irrigation tube and the vent tube can be open. In a vacuum/clear 408 step, the tube to the
liposuction cannula and the irrigation tube may be closed while the vacuum tube and the vent

tube can be open.

[0062] Accordingly, and consistent with the decision matrix or foreseeable
variations thereof depending on the particular tissue processing being performed, methods of
processing adipose tissue are provided. The methods can include at least the following steps,
which can be implemented using the various devices described herein and illustrated in any
of the disclosed figures. The method can include a first step wherein the device, via a multi-
position switch (see, e.g., handle 903 or switch 1003), is set for a liposuction mode, opening a
tissue transfer input port and a vacuum port. The method can include a second step, for
processing tissue, wherein the switch may be set to a mode for holding and processing (e.g.,
mixing or incubating) tissue, with all ports likely being closed. The method can further
include a third step for irrigation, wherein the multi-position switch is set to allow opening of
one or more irrigation or fluid input ports; and a fourth step, for vacuuming (e.g., to remove

irrigation or fluid).

[0063] It will be appreciated, however, that the various steps may be modified,
and/or repeated. For example, multiple irrigation and vacuum/cleaning steps may be

performed, and additional ports can be included, as discussed herein.

[0064] An alternate embodiment of a tube management device 501 is shown in
FIG. 5. The tube management device 501 can include ports 502 and a multi-position switch
503. Tubes can pass from the ports 502 through a tube restrictor plate 504 and a tube
stabilizer plate 507 before passing out of the device 501. Based on the position of the multi-
position switch, restrictor elements 505 on the tube restrictor plate 504 can allow or obstruct
flow through each of the tubes. The contents of the tube management device 501 can be

contained within an exterior wall 508 that forms a body.

[0065] As with the previously discussed embodiments, the ports can have a
variety of configurations. For example, the ports 502 may be straight-walled or barbed;
threaded or unthreaded; and have no fittings, luer fittings, swaged fittings, or any other type

of connector demanded by application-specific requirements. Although the ports 502 are
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depicted in this embodiment as extending out from the body of the tube management device
501, the ports may also be threaded or unthreaded recesses or holes or may extend inward
from the device surface into the body of the device 501. Although only three ports are
depicted in FIG. 5, any number of ports can be chosen to match the number of tubes needed
in a particular application. Substances including, but not limited to, gases, liquids, chemical
solutions, and biological tissues can flow into or out from the ports 502 depending upon the
position of the multi-position switch and the requirements of any particular step of the

surgical procedure.

[0066] The positions of the multi-position switch 503 can be used to switch
among different device configurations. In some embodiments, the multi-position switch 503
is a rotating body or knob and the rotational angle of the body determines the switch state. In
accordance with various embodiments, the multi-position switch 503 may be any mechanical
or electronic switch (including rotational or linear throw switches) that, through appropriate
linkages, can alter the state of openness of tubes passing through the device. In some
embodiments, the multi-position switch 503 can include non-slip grips or similar features to
facilitate easier operation by a user, in particular by a user wearing surgical gloves. The
positions of the multi-position switch 503 may correspond to steps in a procedure. For
example, the steps in a procedure might include liposuction/tissue extraction, hold and mix,

irrigation, and vacuum/clear steps.

[0067] The tube restrictor plate 504 can block or allow flow through the tubes that
pass through the tube through-holes 516 of the plate through the use of flow-restricting
devices. The tube restrictor plate 504 may include an external ring 504a that is rotatably
engaged with a central portion 504b. Tubes can pass through the tube restrictor plate 504
through tube through-holes 516 adjacent to flow-restricting devices. In accordance with
various embodiments and as depicted in FIG. 5, the tube restrictor plate 504 may be provided
with flow-restricting devices in the form of a contoured central hub 512 on the central portion
504b and sliding blocks 505 that force the tubes against the hub 512 via the integrated springs
514 attached to the external ring 504a. The sliding blocks 505 may be shaped as flat plates,
cylinders, ovals, spheres, ovoid configuration, or any other shape that meets application-
specific requirements. In some embodiments, the contoured central hub 512 may have an
equal number of recesses to the number of ports 502, and each tube may pass through a tube

through-hole 516 adjacent to a recess of the contoured central hub. When a sliding block 505

14



WO 2017/070503 PCT/US2016/058171

attached to an integrated spring 512 is in line with a recess of the contoured central hub 512,
the force of the spring may extend the sliding block and force it against a tube. In some
embodiments, the central portion 504b of the tube restrictor plate 504 may be fixedly
attached to the tube stabilizer plate 507. As the multi-position switch 503 changes from one
position to another, the external ring 504a of the tube restriction plate 504 may rotate while
the central portion 504b containing the contoured central hub 512 does not rotate relative to

the tube stabilizer plate 507.

[0068] In accordance with various embodiments, the external ring 504a may be
provided with a one-way ratcheting mechanism 509. The teeth of the ratcheting mechanism
can engage with a pawl 511 positioned on the central portion 504b of the tube restriction
plate 504 such that rotation of the external ring 504a is allowed in one direction but prevented
in the opposite direction. Although the pawl 511 is depicted as being located on the central
portion 504b in this embodiment, it will be apparent to those of ordinary skill in the art that
the pawl could be attached at other points throughout the tube management device 501 such

as the interior of the multi-position switch 503 or the tube stabilizer plate 507.

[0069] The tube management device 501 can also include a tube stabilizer plate
507. The tube stabilizer plate 507 may have tube through-holes 515 to allow tubes to pass
through. In some embodiments, the diameter of each of the tube through-holes 515 in the
tube stabilizer plate 507 may be equal to or slightly greater than the outer diameter of the
corresponding tube that passes through the hole to provide a secure fit around the outside of
each tube without compression. The tube stabilizer plate 507 can hold the tube in position so
that activation or movement of the tube restrictor plate 504 cannot twist, reorient, or move the

tubes.

[0070] Another embodiment of a tube management device is shown in FIG. 6.
The tube management device 601 can include ports 602 and a multi-position switch 603. The
device 601 can include a tube stabilizer plate 607 and a tube restrictor plate 604 containing
flow restriction devices. The components of the device 601 can be enclosed within a body

608.

[0071] The ports 602 are the connection between the tube management device
601 and the exterior world. In accordance with various embodiments, the ports 602 may be

straight-walled or barbed; threaded or unthreaded; and have no fittings, luer fittings, swaged
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fittings, or any other type of connector demanded by application-specific requirements.
Although the ports 602 are depicted in this embodiment as extending out from the body of the
tube management device 601, the ports may also be threaded or unthreaded holes or may
extend inward from the device surface into the body of the device 601. Although only three
ports are depicted in FIG. 6, it will be evident to one of ordinary skill in the art that any
number of ports 602 can be chosen to match the number of tubes needed in a particular
application. Fluids including, but not limited to, gases, liquids, chemical solutions, and
biological tissues can flow into or out from the ports 602 depending upon the position of the

multi-position switch and the requirements of any particular step of the medical procedure.

[0072] The positions of the multi-position switch 603 can be used to switch
among different device configurations. In some embodiments, the multi-position switch 603
is a rotating body or knob and the rotational angle of the body determines the switch state. In
accordance with various embodiments, the multi-position switch 603 may be any mechanical
or electronic switch (including rotational or linear throw switches) that, through appropriate
linkages, can alter the state of openness of tubes passing through the device. In some
embodiments, the multi-position switch 603 can include non-slip grips or similar features to
facilitate easier operation by a user, in particular by a user wearing surgical gloves. The
positions of the multi-position switch 603 may correspond to steps in a procedure. For
example, the steps in a procedure might include liposuction/tissue extraction, hold and mix,

irrigation, and vacuum/clear steps.

[0073] The tube restrictor plate 604 may include an external ring 604a that is
rotatably engaged with a central portion 604b. Tubes may pass through tube through-holes
616 adjacent to flow-restricting devices. In accordance with various embodiments and as
depicted in FIG. 6, the tube restrictor plate 604 may be provided with flow-restricting devices
in the form of a contoured central hub 612 on the central portion 604b and sliding blocks 605
that force the tubes against the hub 612 via the integrated springs 614 attached to the external
ring 604a. The sliding blocks 605 may be shaped as flat plates, cylinders, ovals, spheres,
eggs, or any other shape that meets application-specific requirements. In some embodiments,
the contoured central hub 612 may have an equal number of recesses to the number of ports
602, and each tube may pass through a tube through-hole 616 adjacent to a recess of the
contoured central hub. When a sliding block 605 attached to an integrated spring 612 is in

line with a recess of the contoured central hub 612, the force of the spring may extend the
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sliding block and force it against a tube. As the multi-position switch 603 changes from one
position to another, the external ring 604a of the tube restriction plate 604 may rotate while
the central portion 604b containing the contoured central hub 612 does not rotate relative to
the tube stabilizer plate 607. In accordance with various embodiments, the sliding blocks 605

and integrated springs 614 can be placed at different radial depths using spacers 604c.

[0074] The tube management device 601 can have a tube stabilizer plate 607 in
some embodiments. The tube stabilizer plate 607 may have tube through-holes 615 to allow
tubes to pass through. In preferred embodiments, the diameter of each of the tube through-
holes 615 in the tube stabilizer plate 607 may be equal to the outer diameter of the
corresponding tube that passes through the hole to provide a secure fit around the outside of
each tube without compression. The tube stabilizer plate 607 can hold the tube in position so
that activation or movement of the tube restrictor plate 604 cannot twist, reorient, or move the

tubes.

[0075] A top view of the tube restrictor plate 604 overlaid on tube stabilizer plate
607 of the embodiment of FIG. 6 is shown in FIG. 7. In accordance with various
embodiments, the tube restrictor plate 604 can have slots 613 to allow the tubes to change
position with respect to the contoured central hub 612 of the central portion 604b and the
associated flow-restricting devices. In this way, a single embodiment of the tube restrictor
plate 604 can be used in more than one configuration. When a tube is in an “in” position, the
tube passes near a recess of the contoured central hub 612 and can be closed by sliding blocks
605 attached to spacers 604c extending from the external ring 604a. When a tube is in an
“out” position, the tube passes near an extended portion of the contoured central hub 612. In
this position, the tube can be closed by sliding blocks 605 that are attached by integrated
springs 614 directly to the external ring 604a. In a preferred embodiment, sliding blocks 605
attached directly to the external ring 604a without spacers 604c cannot reach tubes adjacent

to recesses of the contoured central hub 612.

[0076] In accordance with various embodiments, the external ring 604a may be
provided with a one-way ratcheting mechanism 609. The teeth of the ratcheting mechanism
can engage with a pawl 611 positioned on the central portion 604b of the tube restriction
plate 604 such that rotation of the external ring 604a is allowed in one direction but prevented
in the opposite direction. Although the pawl 611 is depicted as being located on the central

portion 604b in this embodiment, it will be apparent to those of ordinary skill in the art that
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the pawl could be attached at other points throughout the tube management device 601 such

as the interior of the multi-position switch 603 or the tube stabilizer plate 607.

[0077] A method of managing surgical conduits is also envisioned by the
inventors. The method includes providing several tubes and several flow-restricting devices
within a body where each of the flow-restricting devices is proximal to at least one of the
tubes and providing a multi-position switch wherein the flow in a first subset of the tubes is
restricted by the flow-restricting devices when the switch is in a first position and flow in a
second subset of tubes different than the first subset is restricted by the flow-restricting
devices when the switch is in a second position. The method can further include switching

from the first position of the multi-position switch to the second position.

[0078] The step of providing several tubes and several flow-restricting devices
within a body where each of the flow-restricting devices is proximal to at least one of the
tubes may include, but is not limited to, passing tubes through ports 102 and past flow-
restricting devices 105 in a tube management device 101 as described above in connection

with FIGS. 1-3.

[0079] The step of providing a multi-position switch wherein the flow in a first
subset of the tubes is restricted by the flow-restricting devices when the switch is in a first
position and flow in a second subset of tubes different than the first subset is restricted by the
flow-restricting devices when the switch is in a second position may include, but is not
limited to, providing a multi-position switch 103 in a tube management device 101 as

described above in connection with FIGS. 1-3.

[0080] The step of switching from the first position of the multi-position switch to
the second position may include, but is not limited to, switching a multi-position switch 103

from a first position to a second position as described above in connection with FIGS. 1 and

2.

[0081] An exploded view of an alternative embodiment of a tube management
device 801 is shown in FIG. 8. The tube management device 801 may include ports 802a,
802b, 802c and a multi-position switch 803. Tubes 812 pass through the ports 802a, 802b,
802c¢ and then through a tube restrictor plate 804 and a tube stabilizer plate 807 before
passing out of the device 801. Based on the position of the multi-position switch 803,

restrictor elements 805 on the tube restrictor plate 804 can allow or obstruct flow through
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each of the tubes 812. In some embodiments, the contents of the tube management device

801 can be contained within an exterior wall 808 that forms a body.

[0082] The ports 802a, 802b, 802c can have a variety of configurations as
described previously with respect to FIG. 2. In accordance with various embodiments, the
ports 802a, 802b, 802c may be straight-walled or barbed; threaded or unthreaded; and have
no fittings, luer fittings, swaged fittings, or any other type of connector suitable for a specific
application. Although the ports 802a, 802b, 802c are depicted as extending out from the body
of the tube management device 801, the ports may also be threaded or unthreaded holes or
recesses or may extend inward from the surface into the body of the device 801. Although
only three ports are depicted in FIG. 8, any number of ports can be chosen to match the
number of tubes 812 needed in a particular application. Substances including, but not limited
to, gases, liquids, chemical solutions, and biological tissues can flow into or out of tubes 812
passing through the ports 802a, 802b, 802c depending upon the position of the multi-position

switch and the requirements of any particular step of a medical procedure.

[0083] As described above with reference to FIG. 2, the position of the multi-
position switch 803 can be used to switch among different device configurations. In some
embodiments, the multi-position switch 803 is a rotating body or knob, and the rotational
angle of the body determines the switch state. In accordance with various embodiments, the
multi-position switch 803 may be any mechanical or electronic switch (including rotational or
linear throw switches) that, through appropriate linkages, can alter the state of openness of
the tubes 812. In some embodiments, the multi-position switch 803 can include non-slip grips
or similar features to facilitate easier operation by a user, in particular by a user wearing
surgical gloves. The positions of the multi-position switch 803 may correspond to steps in a
procedure. For example, the steps in a procedure might include liposuction/tissue extraction,

hold and mix, irrigation, and vacuum/clear steps.

[0084] The tube restrictor plate 804 can block or allow flow through the tubes 812
as they pass through the plate through the use of flow-restricting devices. Similar to the
embodiments depicted in FIGS. 2 and 3, the tube restrictor plate 804 may be provided with
both flow-restricting devices and tube through-holes in the form of contoured radial slots 805.
In alternative embodiments, the flow-restricting devices can be similar to those described
above with reference to the embodiments of FIGS. 5 and 6. The slots 805 can have a slot

width that varies according to the desired action of the slot upon a tube 812 for each angular
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position of the tube restrictor plate 804. For example, each slot 805 may include two slot
widths that correspond to unrestricted flow in a tube 812 and complete blockage of flow in a
tube 812. Alternatively, each slot may have a range of widths corresponding to different

levels of flow restriction.

[0085] The tube restrictor plate 804 may have locating features 806 that can
interlock with the multi-position switch 803. The locating features 806 can help the user align
the tube restrictor plate 804 with the multi-position switch 803 and within the tube
management device 801 so that the contoured radial slots 805 are properly in-line with their
respective ports 802a, 802b, 802c. In addition, the locating features 806 can match with
complementary features on the multi-position switch so that the switch’s position reflects the
proper tubing state within the tube management device 801. In some embodiments, the
locating features 806 can fix the multi-position switch 803 to the tube restrictor plate 804

such that they move in concert when the switch is rotated.

[0086] The tube management device 801 can have a tube stabilizer plate 807. The
tube stabilizer plate 807 may have tube through-holes 815 to allow tubes to pass
therethrough. In some embodiments, the diameter of each of the tube through-holes 815 in
the tube stabilizer plate 807 may be equal or approximately equal to the outer diameter of the
corresponding tube that passes through the hole to provide a secure fit around the outside of
each tube without compression. The tube stabilizer plate 807 can hold the tube in position so
that activation or movement of the tube restrictor plate 804 cannot twist, reorient, or move the

tubes.

[0087] The tubes 812 of tube management device 801 can be made of any
material that meets application-specific requirements. The tubes 812 may be made of, for
example but not limited to, PVC, high-density polyethylene, nylon, latex, silicone,
polyurethane, TYGON®, or any non-reactive tubing or hose. As depicted in FIG. 8, the tubes
812 may extend out of the ports 802a, 802b, 802¢ or may terminate within or below the ports
802a, 802b, 802c. The tubes 812 may be permanently attached to the tube management
device 801, for example, at the ports 802a, 802b, 802c or body 808, or the tubes 8§12 may be
removable and/or replaceable. In accordance with various embodiments, the tubes 812 may
be disposed of after each procedure and replaced with new tubes 812 to allow for reuse of

tube management device 801 for multiple procedures.
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[0088] The embodiments described above include tube management devices that
are operable to release or constrict flow within tubes depending upon the configuration of the
device. In addition to tube management devices, flow management devices taught herein can
allow or interrupt flow between a plurality of first openings and a plurality of second
openings. The first and second openings can be connected to fluid ports or tubes to carry
liquids, gases, or biological material. In some embodiments, the first openings and the second
openings can be defined in stationary or movable walls, plates, or other barrier materials that
otherwise prevent the passage of liquids, gases, or biological material. In addition, the various
embodiments can be combined and interchanged, e.g., using combinations of tube
management devices described above and the systems for controlling flow through various
openings. Several embodiments and implementations of flow management devices are

described below.

[0089] FIG. 9A illustrates a tissue processing device 900 including a flow
management device 901, a canister 918, and a stabilizing base 917. The flow management
device 901 can include ports 902 and a handle 903, which can serve as a multi-position
switch. By moving the handle 903, a user can allow, stop, or impede flow (e.g., from medical
tubing) to the ports 902 and into the canister 918. In some embodiments, the canister 918 can

be separated from and reattached to the stabilizing base 917.

[0090] FIG. 9B illustrates a cutaway view of the flow management device 901 of
FIG. 9A while FIG. 9C illustrates a partial view of a component of the flow management
device 901 in accordance with various embodiments of the present disclosure. The flow
management device 901 can include a plurality of first openings 905 passing through a first
plate 904 and a plurality of second openings 915 passing through a second plate 907. The
first plate 904 can be placed in different rotational positions with respect to the second plate
907. In some positions of the first plate 904, a subset of the plurality of first openings 905 can
be placed in fluid communication with a subset of the plurality of second openings 915 to
allow passage of gases, fluids, or tissue materials through the first plate 904 and second plate

907, and therefore into or out of a treatment system.

[0091] The first plate 904 can be coupled to the second plate 907 such that the
plates can be moved relative to one another to control flow through the device 901. For
example, the first plate 904 and second plate 907 can be coupled using a rotatable connection

such as a pivot 912 and retaining washers 910. The flow management device 901 including
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the first plate 904 and the second plate 907 can act as a lid to enclose the tissue processing
device 900. The first plate 904 can be stationary while the second plate 907 rotates with
respect to a reference (such as the canister 918). In some embodiments, the second plate 907
can be stationary while the first plate 904 rotates with respect to a reference (such as the
canister 918). In some embodiments, both the first plate 904 and the second plate 907 can
rotate with respect to a reference (such as the canister 918). In some embodiments, the first

plate 904 and the second plate 907 can include low-friction polymers such as acetal.

[0092] Although the first and second plates are depicted in FIG. 9B as flat plates
with a round perimeter, it is contemplated that the first and second plates could be any shape,
dimension, or thickness that does not interfere with the purposes described herein. For
example, the plurality of first openings and the plurality of second openings can be defined
on curved surfaces such as walls or barriers that can translate, rotate, slide, or otherwise

change position with respect to one another.

[0093] In addition, the plates can be alternatively replaced with or described as a
barrier wall(s) that can prevent flow of fluid unless openings passing therethrough are
aligned. Accordingly, the devices discussed herein can include a plurality of first openings
905 passing through a first barrier wall 904 and a plurality of second openings 915 passing
through a second barrier wall 907. The first barrier wall 904 can be placed in different
rotational positions with respect to the second barrier wall 907. In some positions of the first
barrier wall 904, a subset of the plurality of first openings 905 can be placed in fluid
communication with a subset of the plurality of second openings 915 to allow passage of
gases, fluids, or tissue materials through the first barrier wall 904 and second barrier wall

907, and therefore into or out of a treatment system.

[0094] Each of the plurality of first openings 905 or the plurality of second
openings 915 can be surrounded at an end by a seal 906. The seals 906 may be an O-ring, a
grommet, or any suitable sealing element. In some embodiments, the seal(s) 906 can be
formed of thermoplastic elastomer (TPE) and can be molded concurrently with the first plate
904 or second plate 907 using a twin-shot molding technique. The seals 906 can create a
barrier to prevent gas, fluid, or other material from escaping between the first plate 904 and
the second plate 907. The first plate, second plate, or both can include a plurality of recessed
portions 913 sized to fit the seals 906 as shown in FIG. 9D. The seals 906 can be placed into

the recessed portions 913. When the seals 906 are placed in the recessed portion 913, the flow
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management device 901 is in a stored state that can avoid placing compressive forces on the
seals 906 when the system is not used for an extended time such as during shipping or
storage. By not subjecting the seals 906 to long periods of compression, the life of the seals
906 can be extended. In some embodiments, none of the first openings 905 is in fluid
communication with any second opening 915 while the flow management device 901 is in the
stored state. Although the recessed portion 906 is illustrated as being in the second plate 907
in FIG. 9D, it is also contemplated that the recessed portions 906 could be in the first plate
904 or both the first plate 904 and the second plate 907.

[0095] The first plate 904 can include ports 902 to couple tubes 912 to the first
plate 904. The ports 902 can have a variety of configurations. In accordance with various
embodiments, the ports 902 may be straight-walled or barbed; threaded or unthreaded; and
have no fittings, luer fittings, swaged fittings, or any other type of connector suitable for a
specific application. Although the ports 902 are depicted as extending out from the body of
the flow management device 901, the ports may also be threaded or unthreaded holes or
recesses or may extend inward from the surface into the first plate 904. Although only four
ports are depicted in FIG. 9A, any number of ports can be chosen to match the number of
tubes needed in a particular application. Substances including, but not limited to, gases,
liquids, chemical solutions, and biological tissues can flow into or out from the ports 902
depending upon the position of the first plate or second plate and the requirements of any

particular step of the medical procedure.

[0096] The flow management device 901 can include handles 903 to enable a user
to more easily rotate one or both of the first plate 904 and the second plate 907. The handles
903 can be formed integrally with the first plate 904, second plate 907, or both or can be

formed separately and attached.

[0097] In some embodiments, the plurality of first openings 905 can be oriented
in one or more lines 909 along the first plate 904 or may be positioned in other arrangements
on the first plate 904. In some embodiments, the plurality of second openings 915 can be
oriented in one or more lines 919a-919d along the second plate 907, or can be positioned in
other suitable arrangements on the second plate 907. Each of the lines 919a-919d can
correspond, for example, to one of the steps 402, 404, 406, 408 in the decision matrix 400 as
described above with reference to FIG. 4. For example, the position of the first plate 904 or

second plate 907 can be adjusted to bring the line 909 including four first openings 905 into
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alignment with the line 919a including two second openings 915. This operation will place
two first openings 905 into fluid communication with two second openings 915 as described
above for step 402 in decision matrix 400. The line 909 can be aligned with other lines 919b-

919d corresponding to the other steps in the decision matrix, respectively.

[0098] The flow management device 901 described above with respect to FIGs.
9A-9D includes two plates and can operate to restrict the flow by rotating the first plate 904
with respect to the second plate 907. In other embodiments taught herein below, a flow
management device 1000 or system can include a third plate sandwiched between the first
plate and the second plate. By changing the position or rotation of the third plate, fluid flow

can be allowed or interrupted between openings in the first plate and the second plate.

[0099] FIGS. 10A and 10B illustrate cross-sectional views of portions of flow
management devices 1000 in accordance with various embodiments of the present disclosure.
As shown in FIG. 10A, the flow management device 1000 includes a first plate 1004, a
second plate 1007, and a third plate 1008. In some embodiments, the first plate 1004 can
include a plurality of first openings 1005, the second plate 1007 can include a plurality of
second openings 1015, and the third plate can include one or more third openings 1025. By
placing the third plate 1008 in different rotational positions with respect to the first plate 1004
and the second plate 1007, the third openings 1025 can be configured to allow fluid
communication between a subset of the first openings 1005 and a subset of the second

openings 1015.

[0100] In addition, the plates can be alternatively replaced with or described as a
barrier wall(s) that can prevent flow of fluid unless openings passing therethrough are
aligned. Accordingly, the flow management device 1000 includes a first barrier wall 1004, a
second barrier wall 1007, and a third barrier wall 1008. In some embodiments, the first
barrier wall 1004 can include a plurality of first openings 1005, the second barrier wall 1007
can include a plurality of second openings 1015, and the third barrier wall can include one or
more third openings 1025. By placing the third barrier wall 1008 in different rotational
positions with respect to the first barrier wall 1004 and the second barrier wall 1007, the third
openings 1025 can be configured to allow fluid communication between a subset of the first

openings 1005 and a subset of the second openings 1015.
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[0101] In accordance with various embodiments, the third plate 1008 can be disk-
shaped and the one or more third openings 1025 in the third plate 1008 can be arranged at the
same radial position on the disk or at different radial positions. In some embodiments, the

third plate 1008 can rotate while the first plate 1004 and the second plate 1007 are stationary.

[0102] In some embodiments, the one or more third openings 1025 can be
surrounded on one or both sides of the third plate 1008 by a seal 1006. In some embodiments,
the seal 1006 may be an O-ring, a grommet, or any suitable sealing element. The seal 1006
can create a barrier to prevent gas, fluid, or other material from escaping between the first
plate 1004 and the third plate 1008 or the second plate 1007 and the third plate 1008. In some
embodiments, the first plate 1004, second plate 1007, or third plate 1008, alone or in any
combination, can include a plurality of recessed portions sized to fit the seals 1006. The
recessed portions can operate as described above with respect to FIG. 9D to protect the seals
1006 from experiencing extended bouts of compression. In some embodiments, none of the
first openings 1005 is in fluid communication with any of the third openings 1025 disposed in
the third plate 1008 or with any second opening 1015 while the flow management device

1000 is in the stored state.

[0103] In some embodiments, the first plate 1004 can include one or more ports
1002 to couple tubes 1012 to the first plate 1004 similar to the ports 902 described above
with reference to FIG. 9A. Each of the one or more ports can be in fluid communication with
one of the plurality of first openings 1005 in the first plate 1004. In some embodiments, the
first plate 1004 can be coupled to a sidewall 1018 to form an enclosed tissue-processing

device.

[0104] The multi-position switch 1003 can cause rotation of the third plate 1008
with respect to the first plate 1004 and the second plate 1007. The multi-position switch 1003
can include knobs or dials that rotate or can include handles that a user can grip to cause

rotation.

[0105] In one embodiment the device can include at least two chambers separated
by a filter, membrane, and/or solid wall. By aligning the various openings between the two or
more plates, access to the chambers can be controlled. The chambers can be positioned next

to each other in a side-by-side configuration or with one chamber on top of the other
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chamber. Alternatively, and as described below, a first chamber can be positioned within a

second chamber.

[0106] In FIG. 10A, the combined opening formed by the first opening 1005,
second opening 1015, and third opening 1025 can be used to draw a vacuum on the interior of
the container 1018 using, for example, a vacuum pump or in-house vacuum provided at a
facility. The vacuum can be directed into the other chamber. In accordance with various
embodiments, the second plate 1007 can act as a frame to support an inner mesh 1020. The
inner mesh 1020 can contain material such as tissue products while allowing fluid to pass
through. In some embodiments, a transfer port can be in fluid communication with the
interior volume of the container or mesh. In some embodiments, the transfer port can be in
fluid communication with an inner chamber defined within the inner mesh 1020.
Alternatively or additionally, the devices described herein can include additional transfer

ports that are in fluid communication with the container interior outside the inner mesh 1020.

[0107] In FIG. 10B, the combined opening formed by the first opening 1005, the
second opening 1015, and the third opening 1025 can be used to transport fluids such as
Ringer’s solution or tissues such as those associated with liposuction (i.e., liposuction-derived
adipose tissue). In some embodiments, the second opening 1015 can be connected to an inner
chamber such that tissue products entering through the second opening 1015 are captured
inside the inner chamber. In some embodiments, the second opening 1015 can be connected
to an outer chamber such that fluids in the outer chamber can be removed through the second

opening 1015.

[0108] As shown in FIGs. 10A and 10B, a portion of the second opening can
define a pathway that directs flow of fluids, gasses, and/or solids into the inner and/or outer
chamber. As shown in FIG. 10B, the second opening can define a pathway inside the device
that directs material into a desired location within the device. In one embodiment, the second
opening has an angled configuration to direct material into the inner chamber of the device.
As shown in FIG. 10B, vacuum tubing 1012 can be coupled to the second plate 1007 to

extend a pathway into a desired location within the device.

[0109] FIGs. 11A and 11B illustrate a cutaway view and an exploded view,
respectively, of a tissue treatment system 1100 including an integrated flow management

device in accordance with some embodiments of the present disclosure. The flow
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management device is similar to the flow management device 1000 described above with
respect to FIGS. 10A or 10B. The tissue treatment system 1100 can include a top cover 1122,
a rotary handle 1121, a multi-position switch 1103, a first plate 1104 including a plurality of
first openings 1105 therethrough, a second plate 1107 including a plurality of second
openings 1115 therethrough, a third plate 1108 including one or more third openings 1125
therethrough, a container 1118, and a filter 1123. When assembled, the tissue treatment
system 1100 can be used in some embodiments to process adipose tissue including steps such
as aspiration, irrigation, mixing, separation, or transfer. By operating the multi-position
switch 1103 coupled to the third plate 1108, the third openings 1125 can be positioned to
allow fluid communication between a subset of the first openings 1105 and a subset of the
second openings 1115. In some embodiments, placement of the multi-position switch 1103 in
a first position can connect a subset of first openings 1105 to a subset of second openings
1115 that are in fluid communication with the inner chamber 1140 of the system 1100. In
some embodiments, placement of the multi-position switch 1103 in a second position can
connect a subset of first openings 1105 to a subset of second openings 1115 that are in fluid

communication with the outer chamber 1141 of the system 1100.

[0110] In some embodiments, the top cover 1122 can be attached to the container
1118 using a snap fit or an adhesive to promote sterility inside the tissue treatment system
1100. In some embodiments, the top cover 1122 can include openings or recesses 1124 to
connect the first openings 1105 to the exterior of the device. In some embodiments, the top

cover 1122 can fit over or sandwich the multi-position switch 1103.

[0111] After cleaning the tissue within the device, it can be important not to allow
inadvertent access to the clean tissue to avoid contamination and to maintain sterile
conditions within the device. In some embodiments, the second plate 1107 can be
permanently affixed to the container 1118. By affixing the second plate 1107 to the container
1118, a seal can be formed that prevents contamination from entering the device. In some
embodiments, the second plate 1107 can be affixed to the container 1118 using adhesives,

heat sealing, or fasteners such as screws.

[0112] In accordance with various embodiments, the third plate 1108 can be disk-
shaped and the one or more third openings 1125 in the third plate can be arranged at the same
radial position on the disk or at different radial positions. In some embodiments, the third

plate 1108 can rotate while the first plate 1104 and the second plate 1107 are stationary. In
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some embodiments, the first plate 1104 and second plate 1107 are coupled to sandwich or
retain the third plate 1108 between them. As discussed above with reference to FIG. 10A, the
one or more third openings 1125 can be surrounded on one or both sides of the third plate

1108 by a seal.

[0113] The rotary handle 1121 can extend through the center of the tissue
treatment system 1100 and engage with mixing blades (not shown) in the filter 1123 or
container 1118. By rotating the rotary handle 1121, tissue within the filter 1123 or container
1118 can be mechanically processed to allow washing or separation of components of the
tissue as part of a tissue treatment regimen. In some embodiments, the filter 1123 can be a
filter structure as described in greater detail below with reference to FIGs. 16A-18B. In an
exemplary embodiment, the filter 1123 can act as a dividing wall or barrier to separate an

inner chamber 1140 from an outer chamber 1141.

[0114] In some embodiments, the first plate 1104 can include one or more ports to
couple tubes to the first openings 1105 of the first plate 1104 similar to the ports 902
described above with reference to FIG. 9A. In some embodiments, the rotary handle 1121 can
engage with a seal 1126 that prevents fluids, gases, or tissue components from exiting the
filter 1121 or container 1118. In accordance with various embodiments, the seal 1126 can be

integrated into the rotary handle 1121 or into the second plate 1107.

[0115] The multi-position switch 1103 can cause rotation of the third plate 1108
with respect to the first plate 1104 and the second plate 1107 in some embodiments. The
multi-position switch 1103 can include knobs or dials that rotate or can include handles that a
user can grip to cause rotation. In some embodiments, a portion of the multi-position switch
1103 can have a complementary shape to a central hole of the third plate 1108. For example,
the central hole of the third plate 1108 can be shaped as a pentagon or other polygonal shape
and the portion of the multi-position switch 1103 can be shaped as a pentagon that fits within
the hole of the third plate 1108. The complementary shapes of the portion of the multi-
position switch 1103 and the central hole of the third plate 1108 can enable the multi-position

switch 1103 to engage and rotate the third plate 1108 in some embodiments.

[0116] In some embodiments, the second plate 1107 can be coupled to the

container 1118 using a snap fit or adhesive fit.
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[0117] FIGs. 12A and 12B show a cutaway view and an exploded view,
respectively, of an alternative embodiment of a tissue treatment system 1100’ including an
integrated flow management device. The flow management device is similar to the flow
management device described above with respect to FIGS. 10A or 10B. The primary
difference between the tissue treatment system 1100 of FIGs. 11A-11B and the tissue
treatment system 1100’ of FIGs 12A and 12B relates to component integration and
manufacturing. The tissue treatment system 1100 can include a valve assembly 1114 that
includes the first plate 1103, the second plate 1107, and the third plate 1108. The tissue
treatment system 1100’ can also include a filter top 1137 that includes a plurality of third
openings 1125 that connect the interior of the container 1118 and the second openings 1115
of the second plate 1107. By operating the multi-position switch 1103 coupled to the third
plate 1108, the third openings 1125 can be positioned to allow fluid communication between
a subset of the first openings 1105 and a subset of the second openings 1115 thereby also
placing a subset of the third openings 1125 in fluid communication with the subset of the first

openings 1105.

[0118] After cleaning the tissue within the device, it can be important not to allow
inadvertent access to the clean tissue to avoid contamination and to maintain sterile
conditions within the device. In some embodiments, the filter top 1137, top cover 1122, or
both can be permanently affixed to the container 1118. By affixing the filter top 1137 and the
container 1118, a seal can be formed that prevents contamination from entering the device. In
some embodiments, the filter top 1137, top cover 1122, or both can be affixed to the

container 1118 using adhesives, heat sealing, or fasteners such as screws.

[0119] The filter top 1137 can be coupled with the filter 1123 using a snap fit or
an adhesive fit. In some embodiments, the filter assembly 1114 can be replaceable or
interchangeable. In some embodiments, the tissue treatment device 1100’ can be provided
with multiple filter assemblies 1114 that are configured to correspond to different sets of
tissue treatment protocols. In such embodiments, the user can select a filter assembly 1114 to
fit their application at the beginning of the procedure and can snap the filter assembly 1114,
multi-position switch 1103, rotary handle 1121, and top cover 1122 in place.

[0120] Embodiments described above include one or more walls or barriers such
as flat plates to restrict or allow flow between the first openings and the second openings. In

alternative embodiments described below with respect to FIGs. 13A-14B, different
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components such as cylindrical spindles or diaphragm values provide the capability to restrict

flow between first and second openings.

[0121] FIG. 13A depicts a flow management device 1300 including a spindle in
accordance with various embodiments of the present disclosure. FIG. 13B illustrates a cross-
sectional view of the flow management device 1300. The flow management device 1300
includes a body 1301 having a plurality of first openings 1302 and a plurality of second
openings 1312, a spindle 1307 coupled to a multi-position switch 1303 and a plurality of third
openings 1315. By operating the multi-position switch 1303, the spindle 1307 can rotate in a
direction 1320. Operation of the multi-position switch 1303 can position some or all of the
third openings 1315 to place a subset of the first openings 1302 into fluid communication

with a subset of the second openings 1312.

[0122] In some embodiments, the plurality of third openings 1315 can include
more than one opening each axial position of the spindle 1307. In such embodiments,
different openings at the same axial position can have different azimuthal trajectories. The
use of multiple openings at the same axial position along the spindle 1307 can increase the
number of possible connection configurations for a given spindle 1307. According to the
rotational orientation of the spindle 1307, each of the third openings 1315 can connect one of

the first openings 1302 to one of the second openings 1312.

[0123] In some embodiments, seals 1306 may be placed at positions along the
spindle 1307 to obstruct the passage of fluid, gas, or tissue material between the spindle 1307
and the body 1301. The seals 1306 can be O-rings, grommets, or gaskets and can be made of
rubber, polymer, or any other suitable material. In some embodiments, the seals 1306 can be

formed of thermoplastic elastomer using a molding technique such as twin-shot molding.

[0124] The multi-position switch 1303 can be integrated directly into the spindle
1307 in some embodiments or can be a separate device that causes the spindle 1307 to rotate.
In some embodiments, the multi-position switch 1303 can be operated by hand. In some
embodiments, the multi-position switch 1303 can be optimally shaped to enable the use of
tools such as wrenches to improve a user’s leverage in setting the multi-position switch 1303.
Although the multi-position switch 1303 is shown rotating in direction 1320 in FIG. 13A, the

multi-position switch 1303 can be rotated in either direction in some embodiments.
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[0125] The body 1301 can include ports or connections adjacent to the first
openings 1305 or the second openings 1315 that allow connection to a variety of different
tubes or hoses. For example, the ports or connections adjacent to the first openings 1305 or

the second openings 1315 can include barbs, threads, fittings or other appropriate connectors.

[0126] FIGS. 14A and 14B illustrate a flow management device 1401 including a
diaphragm valve in open and closed positions, respectively, according to various
embodiments of the present disclosure. The flow management device 1401 can include a
rotating plate 1404, and one or more diaphragm units 1450. The diaphragm unit 1450 can
include a flexible diaphragm 1455 and an inner chamber 1451. The flexible diaphragm 1455
can be actuated to open or close fluid pathways in the flow management device 1401. In
some embodiments, the diaphragm 1450 can include materials such as silicone. In some

embodiments, the diaphragm 1455 can include a boss 1456.

[0127] In an open position, the diaphragm unit 1450 places a first opening 1405,
inner chamber 1451, and second opening 1415 into fluid communication. In a closed
position, the first opening 1405 of the diaphragm unit 1450 is no longer in fluid

communication with the inner chamber 1451 or the second opening 1415.

[0128] The rotating plate 1404 can include one or more protrusions 1414. In some
embodiments, the rotating plate 1404 can be rotated to different rotational positions with
respect to the diaphragm units 1450. By rotating the rotating plate 1404, a protrusion 1414
can be positioned below the diaphragm unit 1450. The protrusion can force the flexible
diaphragm 1455 upwards to seal the boss 1456 against the one or more first openings 1405
passing through the diaphragm unit 1450 thereby placing the diaphragm unit 1450 in a closed
position. By sealing the one or more first openings 1405, the diaphragm 1450 can interrupt

fluid communication between the first openings 1405 and second openings 1415.

[0129] In some embodiments, a separate diaphragm unit 1450 can be supplied for
each fluid connection that is to be controlled. In some embodiments, a single diaphragm unit
can include more than one boss 1456, more than one first openings 1405, or more than one
second openings 1415. In some embodiments, rotating plate 1404 can have small patterns of
protrusions 1414 at different azimuthal positions on the plate 1404 to simultaneously provide

control of multiple diaphragm units 1450 for each position of the rotating plate 1404.
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[0130] In FIG. 15A, a tissue treatment system 1530 is illustrated that includes a
turbine 1520 in accordance with various embodiments. The turbine 1520 can turn the mixing
shaft 1535 including mixing blades or paddles 1534 to agitate the tissue inside the tissue
treatment system. The turbine 1520 can include a rotor with a central shaft 1521 and rotor
blades 1528 as shown in FIG. 15C. In some embodiments, the turbine 1520 can have an air
intake 1522 and air outlet 1525. Upon attachment of the air outlet 1525 to a source of
negative pressure such as a vacuum pump, the rotor blades 1528 will move thus turning the

central shaft 1521.

[0131] As shown in FIG. 15B, the end 1526 of the central shaft 1521 can engage
with the mixing shaft 1535 so that the central shaft 1521 and mixing shaft 1535 rotate in
concert. In accordance with various embodiments, the engagement of the central shaft 1521
with the mixing shaft 1535 can take any suitable form. For example, as shown in FIG. 15B,
the end 1526 of the central shaft 1521 can have a hexagonal cutout that matches a hexagonal
extension on the mixing shaft 1535. Other shapes are also possible including squares, stars,
and other polygons. In some embodiments, the turbine 1520 can be separated from the base
of the tissue treatment system 1530, and a manually operated rotation system such as a rotary
handle can be installed in its place. In some embodiments, the separable turbine 1520 can be
sterilizable or reusable to allow use of a single turbine 1520 for multiple tissue processing
procedures with multiple tissue treatment canisters or containers. In some embodiments, the

turbine 1520 can be disposable.

[0132] Because a solution including washing fluids and adipose or other tissues
can be viscous, a user that is manually agitating the tissue may become fatigued before the
washing sequence is complete. In addition, the agitation may be inconsistent if the user varies
the speed of rotation of the rotary handle throughout the washing sequence. Rotation of the
mixing shaft 1535 using a turbine 1520 can improve consistency of mixing. For example, a
constant level of negative pressure applied at the air outlet 1525 can cause the mixing shaft
1535 to rotate at a constant rate of rotation. In addition, the turbine 1520 can operate at a
consistent speed for an extended period of time as necessary according to the needs of the

practitioner.

[0133] FIG. 15D illustrates a modification to the turbine wherein a smaller gear
1540 is attached to the central shaft 1521. The teeth of the smaller gear 1540 can engage with

teeth on a larger gear 1541 attached to the mixing shaft 1535. In some embodiments, the ratio
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of sizes of the smaller gear 1540 and the larger gear 1541 can be chosen to optimize rotations
per minute of the mixing shaft 1535 for adipose tissue washing. In some embodiments, the
tissue treatment system 1530 can include multiple removable and attachable small gears 1540
or large gears 1541 to enable a practitioner to tune the gear ratio and, thus, the speed of

rotation to the desired level.

[0134] FIGs. 16A and 16B illustrate one embodiment of a filter structure that can
divide first and second portions or chambers of the devices and systems described herein. The
dividing wall defined by the filter structure can include a frame member 1725 that provides
structural support. Frame member 1725 can be formed of a material that provides rigidity and
is formed from solid material. In one aspect, the frame member 1725 is formed of liquid-
impervious material. Frame member 1725 can mate with or be formed integral with a top
portion of the device. For example, the frame member 1725 can mate with or be formed
integral to a second plate 1107 as described above with reference to FIG. 11A. The bottom
portion 1726 of the frame member 1725 can define a transfer port 1730 for removal of
materials from within the inner chamber of the device adjacent to the bottom portion of the
device. In one aspect, frame member 1725 extends from the top portion of the interior of the
device to the bottom of the interior of the device. In some embodiments, the frame member
1725 can surround an upper border of the filter 1710 or mesh wall. In additional
embodiments, the frame member 1725 can extend along at least a portion of a side wall of the

mesh wall to a bottom portion of the mesh wall.

[0135] Frame member 1725 can include a window 1727 defined by the frame
member. Various filters 1710 can be mated with the frame member to allow movement of
liquid and gas from between the inner and outer chambers of the device. The filter 1710 can
be mated within one or more windows 1727. For example, as shown in Figure 16B, a window
defined between the top and bottom portions of the frame member can include a filter 1710.
The filter 1710 can define a portion of the dividing wall that divides the first and second
chambers of the device. In one embodiment, the filter and/or filter windows do not extend to
the top most part and/or bottom most part of the frame member. Alternatively, a single filter
1710 can be seated within the frame member. In some embodiments, the filter 1710 can be a
mesh wall supported by the frame or frame member that acts to divide the first chamber from

the second chamber.
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[0136] In some embodiments, a mesh filter 1710 as shown in FIG. 16A can have a
conical shape. In various embodiments, the narrow end of the mesh filter 1710 can come to a
point or a line seam, or the mesh filter 1710 can have a flat panel on the bottom. In some
embodiments, the cone shape of the mesh filter 1710 can smooth out areas where adipose
tissue or other tissue components can get stuck. As shown in FIG. 16B, a mesh filter 1720
can also include a superstructure 1725 to provide greater form and stability to the mesh filter
1720. In some embodiments, the superstructure 1725 can be overmolded plastic. In some
embodiments, the mesh filter 1720 can include an integrated transfer port 1730. The transfer
port 1730 can be used to extract tissue from a tissue treatment system after washing,

separating, and mixing cycles are complete.

[0137] FIGs. 17A and 17B illustrate a disassembled and assembled filter structure
1810, respectively, according to various embodiments of the present disclosure. The filter
structure 1810 can include a frame member 1850 and a filter 1815. The frame member 1850
can include one or more windows 1827. In some embodiments, the filter 1815 can be mated

within the windows 1827.

[0138] In some embodiments, the filter 1815 can include cut-through holes 1816
to hold the filter in place against the frame member 1850. In some embodiments, the frame
member 1850 can include a boss feature 1856 or other catch feature to engage with the cut-
through holes 1816 and position the filter 1815. In accordance with various embodiments, the
filter 1815 can be cut to fit the frame member 1850 such that removed portions 1818 of the
filter 1815 line up with solid portions 1858 of the frame member 1850. In some
embodiments, the solid portions 1858 comprise extensions from the frame member 1850. The
frame member 1850 can surround an upper border of the filter 1815 and have multiple solid
portions 1858 as extensions along at least a portion of a side wall of the mesh wall to a
bottom portion of the mesh wall. In accordance with various embodiments, the filter 1815 can

include a synthetic or natural mesh-like material.

[0139] The filter structure 1810 can include a transfer port 1860 near the bottom
of the filter structure. In prior systems, removal of cleaned tissue from the tissue treatment
system generally required inversion of the tissue treatment system to bring the tissue in
proximity to an entry/exit port at the top of the device. In this case, inversion of the device is
undesirable as it requires the device to be completely disconnected from attached tubing and

awkwardly held upside-down by a practitioner. Alternatively, a separate port having an
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extension tube was used to extract clean tissue from the device. In this case, the tube typically
presented an obstruction to the motion of the mixing blades, and tissue trapped near the tube
did not properly wash or mix. In embodiments of the present disclosure, the transfer port
1860 can allow removal of tissue from the tissue treatment system through or near the bottom
of the container. The tissue can be drawn into the transfer port 1860 by gravity or through the
application of negative pressure. In some embodiments, the transfer port 1860 can be used to
extract fluids, gases, or solids or can be used to insert fluids, gases, or solids. In certain
embodiments, the transfer port 1860 can be in fluid communication with the inner chamber of
a tissue treatment device as described above with reference to FIGs. 11A and 12A. In other
embodiments, the transfer port 1860 can be in fluid communication with the outer chamber of
the tissue treatment device. In some embodiments, a portion of the transfer port 1860 can be
equipped to engage with syringes of various sizes, luer locks, or any other suitable connector

1861.

[0140] FIG. 17C illustrates a tissue treatment system 1800 including a filter
structure 1810 in accordance with various embodiments described herein. The tissue
treatment system 1800 can include a plurality of ports 1802, one or more mixing blades 1830,

a base 1870, and a filter structure 1810.

[0141] As described above with reference to Figs. 17A-17B, the filter structure
can divide first and second portions or chambers of the tissue treatment system 1800. The
dividing wall defined by the filter structure 1810 can include a frame member 1850 that
provides structural support. In various embodiments, frame member 1850 can mate with or
be formed integral with a top portion of the device. For example, the frame member 1850 can
mate with or be formed integral to a second plate 1107 as described above with reference to
FIG. 11A. In some embodiments, the filter structure, top portion, and bottom portion of the
device including a transfer port 1860 can be built into one interior wall of the device. The
bottom portion of the frame member 1850 can define a transfer port 1860 for removal of
materials from within the inner chamber of the device adjacent to the bottom portion of the
device. In one aspect, frame member 1850 extends from the top portion of the interior of the
device to the bottom of the interior of the device. In some embodiments, the frame member
1850 can surround an upper border of the filter 1815 or mesh wall. In additional
embodiments, the frame member 1850 can extend along at least a portion of a side wall of the

mesh wall to a bottom portion of the mesh wall.

35



WO 2017/070503 PCT/US2016/058171

[0142] The manual forces that are applied to operate the handle 1804 to properly
mix and wash tissue using the mixing blade(s) 1830 may be significant for some forms of
tissue. In a typical setup, tissue washing and mixing will occur after other steps in a surgical
procedure have already been performed such as tissue extraction. Mid-operation, the
examination gloves worn by the surgeon or practitioner may contain foreign matter or fluid of
a slippery nature that can make it difficult to grasp and operate the handle without tipping
over the device. In accordance with various embodiments, the tissue treatment system 1800
can include a wide base 1870 (or 917 in Fig. 9A) at the bottom of the system to improve
stability and prevent tipping or movement of the device during tissue mixing and washing. In
some embodiments, the underside of at least a portion of the wide base 1870, 917 can include
a high-friction, textured, or tacky substance such as rubber to prevent slipping or skidding of
the tissue treatment system 1800 during use. In some embodiments, the wide base 1870, 917
can include fluids, metals, or other high density materials to provide additional weight to the

base.

[0143] The wide base is illustrated with a couple of specific configurations, but it
should be understood that the base can be modified to accomplish any one or more of
maintaining device stability and preventing accidental tipping or movement. The base can
include a flared outward section or other configurations (e.g., a box, a series of extensions, or
multiple legs). The base can be defined by a widened section, for example, having a footprint
or widest dimension that is 10%, 20%, 30%, 40% or more greater than the widest dimension
of the lowest portion of the container of the treatment system, or 10%, 20%, 30%, 40% or
more greater than the widest dimension of the top of the treatment system (thereby preventing

a top-heavy or unstable structure).

[0144] In some embodiments, the tissue treatment device 1800 can include a
multi-position switch 1806. The multi-position switch can operate to place different subsets
of first openings in fluid communication with subsets of second openings as described above

with reference to FIGs. 9A-12B.

[0145] FIG. 18A illustrates an exploded view of a conical filter structure 1910 for
use in tissue treatment systems according to various embodiments of the present disclosure.
Although illustrated in conjunction with a particular treatment system, the filter structure can
be incorporated with any of the aforementioned tissue treatment systems described herein. As

discussed further below, the filter structure can include a filtering portion or mesh structure
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that allows flow of fluid or debris of a selected size, while retaining tissue to be treated and/or
implanted. In addition, the structure includes a frame, which can include a rigid, semi-rigid,
or otherwise strong material to support the structure. The frame and filtering portion or mesh,

together provide important advantages.

[0146] For example, known filters, such as polymeric meshes, may be prone to
breakage, especially with vigorous washing or transfer processes. Accordingly, the frame, in
its various possible configurations, allows a more robust structure that is less prone to failure
during surgical processing. In addition, the filter can extend towards or all the way to the
bottom of the treatment system. The extension to the bottom of the treatment system can
allow formation of supporting side walls in the frame, and can allow further support of the
filter by the bottom wall of the system. In addition, the filter, by extending toward the bottom
of the system and including a frame, which itself can extend to and form a bottom portion of
the filter, can be configured to engage with one or more transfer ports, thereby allowing
insertion and/or extraction of fluids and tissue from the system’s bottom—thereby obviating

the need for top-only access using syringes or other devices.

[0147] Specific details of an exemplary filter are described as follows, but the
general principals of the desirable filter structure can be understood from the foregoing and
can be applied to filters used in any of the presently described tissue treatment systems and
methods. The filter structure 1910 can include a filter 1915 and one or more rigid rings. In an
exemplary embodiment, the filter 1915 can be formed of a single piece of material such as a
mesh-like material that is sealed at a single seam. By using a single seam, the amount of
mesh sealing that has to be performed during production can be reduced. In some
embodiments, the filter structure 1910 can include an upper rigid ring 1922 and a lower rigid
ring 1924. The upper rigid ring 1922 can include a sealing surface 1924 and a ridge 1925. In
various embodiments, the sealing surface 1924 can be flat to allow for heat sealing or
ultrasonic welding of the filter 1915 to the sealing surface 1924. The lower rigid ring 1924
can include a flat surface to facilitate heat sealing or ultrasonic welding of the filter 1915 to
the lower rigid ring 1924. The rigid rings can be formed of plastic or any other suitable
material including, but not limited to, metals or glass. In some embodiments, the filter 1915
can include a synthetic or natural mesh-like material. The filter 1915 can be a mesh wall that

divides a first chamber from a second chamber. In some embodiments, the upper rigid ring
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1922 can be a portion of a frame that surrounds the upper border of the filter 1915 such as a

mesh.

[0148] FIG. 18B illustrates placement of the filter structure of FIG. 18A in a
tissue treatment system according to various embodiments of the present disclosure. In some
embodiments, the tissue treatment system can include an exoskeleton 1950. In an exemplary
embodiment, the ridge 1925 on the upper rigid ring 1922 can engage with a shelf feature
1952 in the exoskeleton 1950. The engagement of the upper rigid ring 1922 and exoskeleton
1950 can include a sealing or press-fit step to let an assembler or practitioner know that the
elements are engaged. In some embodiments, the lower rigid ring 1924 can be bonded or heat
sealed to the exoskeleton 1950 to fix the mesh filter 1910 in place or to prevent leakage of

tissue or fluids from within the mesh filter.

[0149] While the present invention has been described herein in conjunction with
preferred embodiments, a person of ordinary skill in the art can effect changes, substitutions
or equivalents to the systems and methods described herein, which are intended to fall within

the appended claims and any equivalents thereof.
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CLAIMS
1. A tissue treatment system, comprising:
a container, including:
an exterior wall surrounding an interior volume for holding tissue; and
a filter structure for processing tissue; and
a flow management device, including:

a first plate having a plurality of first openings passing therethrough;

a second plate having a plurality of second openings passing

therethrough; and
a third plate having one or more third openings passing therethrough;

wherein the first plate, second plate, and third plate are operably
connected and wherein setting the third plate in a first position places a first subset of the
plurality of first openings in fluid communication with a first subset of the plurality of second
opening, setting the third plate in a second position places a second subset of the plurality of
first openings in fluid communication with a second subset of the plurality of second
openings, and setting the third plate to a third position places a third subset of the plurality of

first openings in fluid communication with a third subset of the plurality of second openings.

2. The tissue treatment system of claim 1, further comprising a rotatable connection to

operably connect the first plate, the second plate, and the third plate.

3. The tissue treatment system of claim 1, further comprising a plurality of seals to
prevent material from passing between the first plate and the third plate or the second plate

and the third plate.

4. The tissue treatment system of claim 3, wherein at least one of the first plate, the

second plate, and the third plate includes a plurality of recessed portions, and
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wherein setting the first plate in a fourth position places the plurality of seals into the
plurality of recessed portions and wherein none of the plurality of first openings is in fluid

communication with a second opening.

5. The tissue treatment system of claim 1, further comprising at least one mixing blade

to facilitate tissue washing or treatment.

6. The tissue treatment system of claim 1, wherein the first, second, and third positions

of the third plate correspond to process steps in a tissue washing or processing procedure.

7. The tissue treatment system of claim 6, wherein the first position of the third plate

corresponds to a tissue aspiration step of the tissue washing or processing procedure.

8. The tissue treatment system of claim 6, wherein the second position of the third plate

corresponds to a tissue washing step of the tissue washing or processing procedure.

9. The tissue treatment system of claim 6, wherein the third position of the third plate
corresponds to a step of the tissue washing or processing procedure wherein tissue is

transferred out of the container.

10. The tissue treatment system of claim 1, further comprising a transfer port in fluid

communication with the interior volume.

11. The tissue treatment system of claim 1, further comprising a plurality of ports, each

port in fluid communication with one of the plurality of first openings.

12. The tissue treatment system of claim 1, wherein the tissue treatment system is

medically sterile.

13. The tissue treatment system of claim 1, wherein the container includes a first chamber

and a second chamber divided by a dividing wall.

14. The tissue treatment system of claim 13, wherein the dividing wall is defined at least

in part by the filter structure.

15. The tissue treatment system of claim 1, wherein the filter structure comprises a mesh

wall and a frame supporting the mesh wall.
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16. The tissue treatment system of claim 15, wherein the frame comprises a rigid
material.
17. The tissue treatment system of claim 15, wherein the frame comprises a rigid material

surrounding an upper border of the mesh wall.

18. The tissue treatment system of claim 15, wherein the frame comprises a rigid material
surrounding an upper border of the mesh wall and extending along at least a portion of a side

wall of the mesh wall to a bottom portion of the mesh wall.

19. The tissue treatment system of claim 15, wherein the frame comprises a rigid material
surrounding an upper border of the mesh wall and having multiple extensions along at least a

portion of a side wall of the mesh wall to a bottom portion of the mesh wall.

20. The tissue treatment system of claim 1, further comprising a transfer port at a bottom

portion of the container.

21. The tissue treatment system of claim 20, wherein the transfer port is capable of fluid

communication with a space inside the filter structure.

22. The tissue treatment system of claim 21, wherein the filter structure comprises a mesh

wall and a frame supporting the mesh wall.

23. The tissue treatment system of claim 21, wherein the frame comprises a rigid
material.
24. The tissue treatment system of claim 21, wherein the frame comprises a rigid material

surrounding the upper border of the mesh wall.

25. The tissue treatment system of claim 21, wherein the frame comprises a rigid material
surrounding the upper border of the mesh wall and extending along at least a portion of a side
wall of the mesh wall to a bottom portion of the mesh wall, and wherein the frame is securely

engaged with the transfer port.

26. The tissue treatment system of claim 21, wherein the frame comprises a rigid material
surrounding the upper border of the mesh wall and having multiple extensions along at least a
portion of a side wall of the mesh wall to a bottom portion of the mesh wall, and wherein the

frame is securely engaged with the transfer port.
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27. A flow management device, comprising:

a first plate having a plurality of first openings passing therethrough; and

a second plate having a plurality of second openings passing therethrough; and

a third plate having one or more third openings passing therethrough;

wherein the first plate, second plate, and third plate are operably connected and
wherein setting the third plate in a first position places a first subset of the plurality of first
openings in fluid communication with a first subset of the plurality of second opening, setting
the third plate in a second position places a second subset of the plurality of first openings in
fluid communication with a second subset of the plurality of second openings, and setting the
third plate to a third position places a third subset of the plurality of first openings in fluid

communication with a third subset of the plurality of second openings.

28. The flow management device of claim 27, further comprising a rotatable connection

to operably connect the first plate, the second plate, and the third plate.

29. The flow management device of claim 27, further comprising a plurality of seals to
prevent material from passing between the first plate and the third plate or the second plate

and the third plate.

30. The flow management device of claim 29, wherein at least one of the first plate, the

second plate, and the third plate includes a plurality of recessed portions, and

wherein setting the first plate in a fourth position places the plurality of seals into the
plurality of recessed portions and wherein none of the plurality of first openings is in fluid

communication with a second opening.

31. The flow management device of claim 29, wherein the first, second, and third
positions of the third plate correspond to process steps in a tissue washing or processing

procedure.

32. The flow management device of claim 31, wherein the first position of the third plate

corresponds to a tissue aspiration step of the tissue washing or processing procedure.
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33. The flow management device of claim 31, wherein the second position of the third

plate corresponds to a tissue washing step of the tissue washing or processing procedure.

34. The flow management device of claim 31, wherein the third position of the third plate
corresponds to a step of the tissue washing or processing procedure wherein tissue is

transferred out of the container.

35. A tissue treatment system, comprising:

a container, including:

an exterior wall surrounding an interior volume for holding tissue; and

a filter structure for processing tissue;

a tube management device, including:

a tube restrictor plate having a plurality of tube through-holes;

a tube stabilizer plate having a plurality of tube through-holes;

a plurality of flow-restricting devices disposed on the tube restrictor

plate adjacent to the plurality of tube through-holes; and

a multi-position switch;

wherein a plurality of tubes passes through the plurality of tube through-

holes, and

wherein setting the multi-position switch to a first position causes the
plurality of flow-restricting devices to restrict the flow in a first subset of the plurality of
tubes to transfer tissue from a patient to the interior volume, setting the multi-position switch
to a second position causes the plurality of flow-restricting devices to restrict the flow in a
second subset of the plurality of tubes to allow processing of the tissue in the interior volume,
and setting the multi-position switch to a third position causes the plurality of flow-restricting
devices to restrict the flow in a third subset of the plurality of tubes to allow transfer of the

tissue out of the interior volume.

43



WO 2017/070503 PCT/US2016/058171

36. The tissue treatment system of claim 35, wherein the plurality of flow-restricting

devices includes contoured radial slots located on the tube restrictor plate.

37. The tissue treatment system of claim 35, wherein the tube restrictor plate is chosen
from a set of tube restrictor plates having at least two plates with differently contoured radial

slots.

38. The tissue treatment system of claim 35, wherein the plurality of flow-restricting
devices include a plurality of sliding blocks, a subset of the plurality of sliding blocks being

engaged to restrict flow within a first subset of the plurality of tubes.
39. The tissue treatment system of claim 35, further comprising a carry handle.

40. The tissue treatment system of claim 35, wherein the multi-position switch is

configured to allow switching in only one direction.

41. The tissue treatment system of claim 40, further comprising a ratchet mechanism to

allow the multi-position switch to move in only one direction.

42. The tissue treatment system of claim 15, further comprising at least one of a mixing

blade or filter to facilitate tissue washing or treatment.

43. The tissue treatment system of claim 15, wherein the positions of the multi-position

switch correspond to process steps in a tissue washing or processing procedure.

44, The tissue treatment system of claim 43, wherein at least one position of the multi-
position switch corresponds to a tissue aspiration step of the tissue washing or processing

procedure.

45. The tissue treatment system of claim 43, wherein at least one position of the multi-
position switch corresponds to a tissue washing step of the tissue washing or processing

procedure.

46. The tissue treatment system of claim 43, wherein at least one position of the multi-
position switch corresponds to a step of the tissue washing or processing procedure wherein

tissue is transferred out of the container.
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47. The tissue treatment system of claim 35, further comprising the plurality of tubes that

pass through the plurality of tube through-holes.

48. The tissue treatment system of claim 35, wherein the system is medically sterile.

49. The tissue treatment system of claim 35, wherein the container includes a first

chamber and a second chamber divided by a dividing wall.

50. The tissue treatment system of claim 49, wherein the dividing wall is defined at least

in part by the filter structure.

51. The tissue treatment system of claim 35, wherein the filter structure comprises a mesh

wall and a frame supporting the mesh wall.

52. The tissue treatment system of claim 51, wherein the frame comprises a rigid
material.
53. The tissue treatment system of claim 51, wherein the frame comprises a rigid material

surrounding the upper border of the mesh wall.

54. The tissue treatment system of claim 51, wherein the frame comprises a rigid material
surrounding the upper border of the mesh wall and extending along at least a portion of a side

wall of the mesh wall to a bottom portion of the mesh wall.

55. The tissue treatment system of claim 51, wherein the frame comprises a rigid material
surrounding the upper border of the mesh wall and having multiple extensions along at least a

portion of a side wall of the mesh wall to a bottom portion of the mesh wall.

56. The tissue treatment system of claim 35, further comprising a transfer port at a bottom

portion of the container.

57. The tissue treatment system of claim 56, wherein the transfer port is capable of fluid

communication with a space inside the filtration structure.

58. The tissue treatment system of claim 56, wherein the filter structure comprises a mesh

wall and a frame supporting the mesh wall.

59. The tissue treatment system of claim 56, wherein the frame comprises a rigid

material.
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60. The tissue treatment system of claim 56, wherein the frame comprises a rigid material

surrounding the upper border of the mesh wall.

61. The tissue treatment system of claim 56, wherein the frame comprises a rigid material
surrounding the upper border of the mesh wall and extending along at least a portion of a side
wall of the mesh wall to a bottom portion of the mesh wall, and wherein the frame is securely

engaged with the transfer port.

62. The tissue treatment system of claim 56, wherein the frame comprises a rigid material
surrounding the upper border of the mesh wall and having multiple extensions along at least a
portion of a side wall of the mesh wall to a bottom portion of the mesh wall, and wherein the

frame is securely engaged with the transfer port.
63. A method of managing surgical conduits, comprising:

providing a plurality of tubes and a plurality of flow-restricting devices
within a device body, each of the flow-restricting devices proximal to at least one of the

plurality of tubes;

providing a multi-position switch wherein flow in a first subset of the
plurality of tubes is restricted by the plurality of flow-restricting devices when the multi-
position switch is in a first position and flow in a second subset of the plurality of tubes
different than the first subset is restricted by the plurality of flow-restricting devices when the

multi-position switch is in a second position; and

switching from the first position of the multi-position switch to the second

position of the multi-position switch.

64. The method of claim 63, wherein the plurality of flow-restricting devices includes

contoured radial slots located on a tube restrictor plate.

65. The method of claim 63, further comprising a tube stabilizer plate through which the

plurality of tubes passes to stabilize the tubes.

66. The method of claim 63, wherein the tube restrictor plate is chosen from a set of

rotatable discs having at least two discs with differently contoured radial slots.
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67. The method of claim 63, wherein the one or more flow-restricting devices include a
plurality of sliding blocks, a subset of the plurality of sliding blocks being engaged to restrict

flow within a first subset of the plurality of tubes.
68. The method of claim 63, wherein the body further comprises a carry handle.

69. The method of claim 63, wherein the multi-position switch is configured to allow

switching in only one direction.

70. The method of claim 69, wherein the multi-position switch further comprises a ratchet

mechanism to allow the multi-position switch to move in only one direction.

71. The method of claim 63, wherein the body further comprises at least one of a mixing

blade or filter to facilitate tissue washing or treatment.

72. The method of claim 63, wherein the positions of the multi-position switch

correspond to process steps in a tissue washing or processing procedure.

73. The method of claim 72, further comprising performing a tissue aspiration step of a

tissue washing or processing procedure when the multi-position switch is in a first position.

74. The method of claim 72, further comprising performing a tissue washing step of a
tissue washing or processing procedure when the multi-position switch is in a second

position.

75. The method of claim 72, further comprising performing a tissue transfer step of a

tissue washing or processing procedure when the multi-position switch is in a third position.
76. A tube management device, comprising:

a tube restrictor plate having a plurality of tube through-holes;

a tube stabilizer plate having a plurality of tube through-holes;

a plurality of flow-restricting devices disposed on the tube restrictor plate

adjacent to the plurality of tube through-holes;

a multi-position switch; and
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a plurality of tubes that pass through the pluralities of tube through-holes,

and

wherein setting the multi-position switch to a first position causes the
plurality of flow-restricting devices to restrict the flow in a first subset of the plurality of
tubes, setting the multi-position switch to a second position causes the plurality of flow-
restricting devices to restrict the flow in a second subset of the plurality of tubes, and setting
the multi-position switch to a third position causes the plurality of flow-restricting devices to

restrict the flow in a third subset of the plurality of tubes.

77. The device of claim 76, wherein the plurality of flow-restricting devices includes

contoured radial slots located on the tube restrictor plate.

78. The device of claim 77, wherein the tube restrictor plate is chosen from a set of tube

restrictor plates having at least two plates with differently contoured radial slots.

79. The device of claim 76, wherein the one or more flow-restricting devices include a
plurality of sliding blocks, a subset of the plurality of sliding blocks being engaged to restrict

flow within a first subset of the plurality of tubes.

80. The device of claim 76, wherein the multi-position switch is configured to allow

switching in only one direction.

81. The device of claim 80, further comprising a ratchet mechanism to allow the multi-

position switch to move in only one direction.

82. The device of claim 76, wherein the positions of the multi-position switch correspond

to process steps in a tissue washing or processing procedure.

83. The device of claim 82, wherein at least one position of the multi-position switch

corresponds to a tissue aspiration step of the tissue washing or processing procedure.

84. The device of claim 82, wherein at least one position of the multi-position switch

corresponds to a tissue washing step of the tissue washing or processing procedure.

85. The device of claim 82, wherein at least one position of the multi-position switch
corresponds to a step of the tissue washing or processing procedure wherein tissue is

transferred out of the container.
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86. A tissue treatment system, comprising:
a container, including:
an exterior wall surrounding an interior volume for holding tissue; and
a filter structure for processing tissue, and
a flow management device, including:

a first plate having a plurality of first openings passing therethrough;

a second plate having a plurality of second openings passing

therethrough,

wherein the first plate and the second plate are operably connected and
wherein setting the first plate in a first position places a first subset of the plurality of first
openings in fluid communication with a first subset of the plurality of second opening, setting
the first plate in a second position places a second subset of the plurality of first openings in
fluid communication with a second subset of the plurality of second openings, and setting the
first plate to a third position places a third subset of the plurality of first openings in fluid

communication with a third subset of the plurality of second openings.

87. The tissue treatment system of claim 86, wherein the plurality of first openings is in
fluid communication with a plurality of tubes and wherein the plurality of second openings is

in fluid communication with the interior volume.

88. The tissue treatment system of claim 86, wherein the flow management device further

comprises a plurality of seals.

89. The tissue treatment system of claim 88, wherein the first plate, the second plate, or

both include a plurality of recessed portions, and

wherein setting the first plate in a fourth position places the plurality of seals into the
plurality of recessed portions and wherein none of the plurality of first openings is in fluid

communication with a second opening.
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90. The tissue treatment system of claim 86, wherein the flow management device further

comprises a rotatable connection to operably connect the first plate and the second plate.

91. A flow management device, comprising:

a first plate having a plurality of first openings passing therethrough; and

a second plate having a plurality of second openings passing therethrough;

wherein the first plate and the second plate are operably connected and wherein
setting the first plate in a first position places a first subset of the plurality of first openings in
fluid communication with a first subset of the plurality of second opening, setting the first
plate in a second position places a second subset of the plurality of first openings in fluid
communication with a second subset of the plurality of second openings, and setting the first
plate to a third position places a third subset of the plurality of first openings in fluid

communication with a third subset of the plurality of second openings.

92. The flow management device of claim 91, further comprising a rotatable connection

to operably connect the first plate and the second plate.

93. The flow management device of claim 91, further comprising a plurality of seals to

prevent material from passing between the first plate and the second plate.

94. The flow management device of claim 93, wherein at least one of the first plate and

the second plate includes a plurality of recessed portions, and

wherein setting the first plate in a fourth position places the plurality of seals into the
plurality of recessed portions and wherein none of the plurality of first openings is in fluid

communication with a second opening.

95. A flow management device, comprising:

a body including a plurality of first openings and a plurality of second openings;

a multi-position switch;

a spindle within the body and coupled to the multi-position switch, the spindle
including a plurality of third openings;
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wherein setting the multi-position switch to a first position places a first subset of the
plurality of first openings in fluid communication with a first subset of the plurality of second
openings via a first subset of the plurality of third openings, setting the multi-position switch
to a second position places a second subset of the plurality of first openings in fluid
communication with a second subset of the plurality of second openings via a second subset
of the plurality of third openings, and setting the multi-position switch to a third position
places a third subset of the plurality of first openings in fluid communication with a third

subset of the plurality of second openings via a third subset of the plurality of third openings.

96. The flow management device of claim 95 wherein the spindle further comprises one
or more seals to obstruct the passage of fluid, gas, or tissue material between the spindle and

the body.

97. The flow management device of claim 95, wherein the multi-position switch is shaped

to enable the use of tools such as wrenches to improve leverage for a user.

98. The flow management device of claim 95, wherein the body further comprises ports

adjacent to at least one of the first openings and the second openings.

99. The flow management device of claim 95, wherein at least two of the plurality of third

openings are disposed at the same axial position on the spindle.
100. A flow management device, comprising:

a plurality of diaphragm units, each diaphragm unit including a flexible diaphragm, a
first opening, and a second opening, the diaphragm unit having an open position wherein the
first opening and second opening are in fluid communication and a closed position wherein

the first opening and the second opening are not in fluid communication;

a rotating plate including one or more protrusions wherein each protrusion capable of
pressing against the flexible diaphragm of a diaphragm unit to place the diaphragm unit in the

closed position;

wherein rotating the rotating plate to a first position places a first subset of the
diaphragm units into the closed position, rotating the rotating plate to a second position

places a second subset of the diaphragm units into the closed position, and rotating the

51



WO 2017/070503 PCT/US2016/058171

rotating plate to a third position places a third subset of the diaphragm units into the closed

position.

101. The flow management device of claim 100, wherein the flexible diaphragms comprise

silicone,

102.  The flow management device of claim 100, wherein the flexible diaphragms comprise

a boss.

103, The flow managément device of claim 102, wherein placing the diaphragm unit in the
closed position comprises forcing the boss of the flexible diaphragm against the first opening

to seal the first opening.

104,  The flow management device of claim [00, wherein cach diaphragm unit {urther
comprises an inner chamber that is in fiuid communication with the first opening and the

second opening when the diaphragm unit is in the open position.
105. A tissue treatment system comprising:
a container, including:
an exterior wall gurroundillg an interior volume for holding tissue; and

a filter structure for processing tissue and comprising a mesh wall and a

frame supporting the mesh wall. -

106. The tissue treatment system of claim 105, wherein each of the one or more windows

includes one of the filters therein.

107. The tissue treatment system of claim 105, further comprising at least one mixing

blade to facilitate tissue washing or treatment.

108.  The tissue treatment system of claim [0S, wherein the frame comprises a rigid

material.

109.  The tissue treatment system of claim 105, wherein the frame comprises a rigid

material surrounding the upper border of the mesh wall.

52
RECTIFIED SHEET (RULE 91)



WO 2017/070503 PCT/US2016/058171

[10. The tissue treatment system of claim 105, wherein the (rame comprises a rigid
material surrounding the upper border of the mesh wall and extending along at least a porticn

of a side wall of the mesh wall to a bottom portion of the mesh wall.

111.  The tissuc treatment system of claim 105, wherein the frame comprises a rigid
material surrounding the upper border of the mesh wall and having multiple extensions along

at least a portion of a side wall of the mesh wall to 4 bottom porticu of the mesh wail.

112.  The tissue treatment system of claim 105, further comprising a transfer port at a

bottom portion of the container.

1£3. * The tissue treatment system of claim 112, wherein the transfer port is capable of fluid

communication with a space inside the filtration structure.

114.  The tissue treatment system of claim 113, wherein the frame comprises a rigid

material.

I1S. The tissue treatment system of claim 113, wherein the frame comprises a rigid

material swrrounding the upper border of the mesh wall,

116. The tissue treatment system of claim 113, wherein the frame comprises a rigid
material surrounding the upper border of the mesh wall and extending along at least a portion

of a side wall of the mesh wall to a bottom portion of the mesh wall, and wherein the frame is

securely engaged with the transfer port.

117.  The tissue treatment system of claim 113, wherein the frame comprises a rigid
material surrounding the upper border of the mesh wall and having muitiple extensions along
at least a portion of a side wall of thc mesh wall to a bottom portion of the mesh wall, and

wherein the frame is securely engaged with the transfer port.

118.  The tissue treatment system of claim 113, wherein the frame comprises a rigid
material surrounding the upper border of the mesh wall and extending along at least a portion
of a side wall of the mesh wall tc a bottom portion of the mesh wall, and wherein the frame is

securely engaged with the transfer port and a bottom portion of the container,

119.  The tissue treatment system of claim 113, wherein the frame comprises a rigid

material surrounding the upper border of the mesh wall and having multiple extensions along
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at least a portion cf a side wall of the mesh wall to a bottom portion of the mesh wall, and
wherein the frame is securely engaged with the transfer port and a bottom portion of the

container.
120. A tissue treatment system, comprising:
a container,‘ including:
an exterior wall surrounding an interior volume for holding tissue; and
a filter structure for processing tissuc; and
a flow management device, including:

a first barrier wall having a plurality of first openings passing

therethrough;

a second barrier wall having a plurality of second openings passing

therethrough; and

a third barrier wall having one or more third openings passing

therethrough;

wherein the first barrier wall, second barrier wall, and third barrier wall
are operably connected and wherein setting the third barrier wall in a first position places a
first subsct of the plurality of first openings in fluid communication with a first subset of the
plurality of seoud openings, setting the third barrier wall in a second position places a
second subset of the plurality of first openings in fluid communication with a second subset
of the plurality of second openings, and setting the third barrier wali in a third position places
a thirci subset of the plurality of first openings in fluid communication with a third subset of

the plurality of second openings.

121 The tissuc treaunent system of claim 120, further comprising a rotatable connection to

operably connect the first barrier wall, the second barrier wall, and the third barrier wall.

122.  The tissue treatment systern of claim 120, further comprising a plurality of seals to
prevent material from passing between the first barrier wall and the third barrier wall or the

second barrier wall and the third barrier wall.
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{123.  The tissue treatment system of claim 122, wherein at least one of the first barrier wall,

the second barrier wali, and the third barrier wall includes a slurality of recessed portions,

and

wherein setting the first barrier wall in a fourth position places the plurality of seals
into the plurality of recessed portions and wherein none of the plurality of first openings is in

tluid communication with a second opening.

124, The tissue treatment system of claim 120, further comprising at least one mixing-

blade to facilitate tissue washing or treatment.

125.  The tissuc treatment system of claim 120, wherein the first, second, and third
positions of the third barrier wall correspond to process steps in a tissuc washing or

processing procedure,

i26.  The tissue trcatment system of claim 125, wherein the first position of the third barrier

wall corresponds to a tissue aspiration step of the tissue washing or processing procedure.,

127.  The tissue treatment system of claim 125, wherein the sccond position of the third
barrier wall corresponds to a tissue washing step of the tissue washing or processing

procedure.

128.  The tissue treatment system of claim 125, wherein the third position of the third
barrier wali corresponds to a step of the tissue washing or processing procedure wherein

tissue is transferred out of the container.

129, The tissue treatment system of claim 120, further comprising a transfer port in fluid

communication with the interior volume.

130.  The fissue treatment system of claim 120, further comprising a plurality of ports, each

port in fluid communication with one of the plurality of first openings.

131.  The tissue treatment system of claim 120, wherein the tissue treatiment system is

medically sterile.

132, The tissue trcatment system of claim 120, wherein the container includes a first

chamber and a second chamber divided by a dividing wall.
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133, The tissue reatment system of claim 132, wherein the dividing wall is defined at least

in part by the filter structurc.

134, The tissue treatment system of claim 120, wherein the filter structure comprises a

mcsh wall and a frame supporting the mesh wall.

135. The tissue treatment system of claim 134, wherein the frame comprises a rigid
material.
136. The tissue treatment system of claim 134, wherein the frame comprises a rigid

malfetial surrounding an upper border of the mesh wall.

137.  The tissue treatment system of claim 134, wherein the frame comprises a rigid
material surrounding an upper border of the mesh wall and extending along af least 2 portion

of a side wall of the mesh wall to a bottom portion of the mesh wall.

138.  The tissue freatment system of claim 134, wherein the fraine comprises a rigid
material surrounding an upper border of the mesh wall and having multiple extensions along

at least a portion of a side wall of the mesh wall to a bottom portion of the mesh wall.

139, The tissue treatment system of claim 120, further comprising a transfer port af a

bottom portion of the container.

140. . The tissue treatment system of claim 139, wherein the transfer port is capable of fluid

communication with a space inside the filter structure,

141. 'T'he tissue treatment system of claim 140, wherein the filter structure comprises a

mesh wall and a frame supporting the mesh wall,

142, The tissue treatment system of claim 140, wherein the frame compriscs a rigid
material.
143.  The tissue treatment system of claim 140, wherein the frame comprises a rigid

material surrounding the upper border of the mesh wall.

144. The tissue treatment system of claim 140, wherein the {rame comprises a rigid

material surrounding the upper border of the mesh wall and extending along at least a portion
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of a side wall of the mesh wall to a bottom portion of the mesh wall, and wherein the frame is

securely engaged with the transfer port.

145, The tissue treatment system of claim 140, wherein the frame comprises a rigid
material surrounding the upper border of the mesh wall and having multiple extensions along
at least a portion of a side wall of the mesh wall to a boftom portion of the mesh wall, and

wherein the frame is securely engaped with the transfer port.

146.  The tissuc treaiment system of claim 140, whercin the frame comprises a rigid’
material surrounding the upper border of the mesh wall and extending along at least a portion
of a side wall of the mesh wall to a bottom portion of the mesh wall, and wherein the frame is

securely engaged with the transfer port and a bottom portion of the container.

147.  The tissue treatment system of claim 140, wherein the frame comprises a rigid
material surrounding the upper border of the mesh wall and having multiple extensions along
at least a portion of a side wall of the mesh wall to a bottom portion of the mesh wall, and

whercin the frame is securely cngaged with the transfer port and a bettom portion of the

coutainer.

- 148.  The tissue treatment system of any one of claims 1-26, 35-62, 86-90, or 105-147,

further comprising a wide base.

149.  The tissue treatment system of claim 148, wherein the wide base has a widest
dimension that is at least 10%, at least 20%, at least 30%, at least 40% greater than the widest

dimension of a lowest portion of the container.

150.  The tissue treatment system of claim 148, wherein the wide base has a widest

dimension that is at least 10%, at least 20%, at least 30%, at least 40% greater than the widest

dimension of a top of the treatment system.
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