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(57) Abstract: An assembly includes a drape substantially sealable over a wound bed and a trackpad configured to couple a tube to the
drape and allow the tube to provide suction to the wound bed. The assembly also includes a vent opening in the drape, a filter coupled
to the drape and communicating with the vent opening, a cover coupled to the drape and movable between a first position to cover the
vent opening and filter and a second position to uncover the vent opening and the filter, and a fluid indicator coupled to the drape and
operable to provide a visual indication that fluid build-up is present in the wound bed.
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NPWT SYSTEM WITH SELECTIVELY CONTROLLABLE AIRFLOW

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority to U.S. Provisional Application No.
62/657,342, filed on April 13, 2018, which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] The present disclosure relates generally to wound therapy systems and devices, and
more particularly to a drape for use with a negative pressure wound therapy device that

provide selectively controllable airflow therethrough.

[0003] Negative pressure wound therapy (NPWT) is a type of wound therapy that involves
applying negative pressure (relative to atmospheric pressure) to a wound site to promote
wound healing. Some NPWT systems include a drape substantially sealed over a wound site
and a pump which operates to maintain the wound site at negative pressure and remove
wound exudate from the wound site via a tube coupled to the drape. However, wound
exudate and other debris can create blockages that restrict fluid from being pulled through the
tube, leading to fluid buildup. In some scenarios, improved air flow through the wound site
may minimize the possibility of blockages in the connector tube and enhance removal of

wound exudate.
SUMMARY

[0004] One implementation of the present disclosure relates to an assembly. The assembly
includes a drape substantially sealable over a wound bed and a trackpad configured to couple
a tube to the drape and allow the tube to provide suction to the wound bed. The assembly
also includes a vent opening in the drape, a filter coupled to the drape and communicating
with the vent opening, a cover coupled to the drape and movable between a first position to
cover the vent opening and filter and a second position to uncover the vent opening and the
filter, and a fluid indicator coupled to the drape and operable to provide a visual indication

that fluid build-up is present in the wound bed.
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[0005] In some embodiments, the cover includes a peelable polymer cover. In some
embodiments, the peelable polymer cover includes a pressure-sensitive adhesive layer
positioned at a bottom surface of the peelable polymer cover. The pressure-sensitive
adhesive layer includes one or more of polyacrylate, polymethacrylate, polyurethane,
hydrogel, natural rubber, synthetic rubber, styrene block copolymer, polyvinyl ether,
polyolefin, hydrocolloid, silicon or silicone based material, styrene butadiene, polyisoprene,
polychlorprene, polybutadiene, polychlorosulphonated polyethylene, rosin tackifier,
coumarone resin, or coumarone indene resin. In some embodiments, the peelable polymer
cover is shaped as one or more of a circle, a triangle, a square, a rectangle, a pentagon, a
hexagon, a heptagon, or other polygonal shape. In some embodiments, the peelable polymer

cover has an abstract, non-polygonal, or otherwise irregular shape.

[0006] In some embodiments, the vent opening includes a plurality of vent openings and
the cover comprises a plurality of peelable polymer covers. In some embodiments, the
plurality of vent openings and the plurality of peelable polymer covers are disposed in a
pattern on the drape to provide a selectively customizable air flow profile beneath the drape.
In some embodiments, the vent has a surface area within a range between approximately
0.001 square centimeters and approximately 40 square centimeters, preferably in the range of

0.01 to 1 square centimeter.

[0007] In some embodiments, the filter prevents the passage of microbes through the vent
opening, prevents backflow through the vent, and allows the flow of air through the vent
opening when the cover is in the second position. In some embodiments, the filter is
hydrophobic. The filter includes pores with average diameter in a range between
approximately 0.1 micron and approximately 0.4 micron and is fabricated from one or more
of polyether sulfone, cellulose acetate, cellulose nitrate, nylon, polypropylene, or

polytetrafluoroethylene.

[0008] In some embodiments, the fluid indicator includes a top layer and a bottom layer.
The bottom layer includes a substrate coated with a water-soluble biocompatible colorant
(e.g., dye, ink, pigment). The top layer is substantially unpigmented and is configured to
allow capillary action from the bottom layer. The capillary action draws the colorant to the

top layer when the bottom layer contacts fluid. In some embodiments, the substrate includes

R
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one or more of a polymer, a textile, or cellulose. The top layer includes one or more of an
absorptive textile or paper. The top layer has a thickness and absorptivity tuned such that a
change in color of the top layer corresponds to a predetermined amount of fluid buildup in the

wound bed.

[0009] In some embodiments, the fluid indicator is also operable to indicate at least one of a
pH, a presence of microbes, a presence of matrix metalloproteinases, or a presence of other

proteases. In some embodiments, the cover includes the fluid indicator.

[0010] In some embodiments, the assembly also includes a plurality of additional vent
openings interspersed on the drape and a plurality of additional filters. Each additional filter
is coupled to the drape and is communicating with one of the plurality of additional vent
openings. The assembly also includes a plurality of additional covers, each additional cover
positioned at a corresponding filter of the plurality of additional filters and movable between
a closed position to seal the corresponding filter and an open position to unseal the

corresponding filter.

[0011] In some embodiments, the drape includes perforations that allow for customization
of the drape in a plurality of possible shapes. The vent opening and the plurality of additional
vent openings are positioned on the drape to provide at least one vent opening for each of the

plurality of possible shapes.

[0012] In some embodiments, the cover includes a film having perforations or fenestrations
that allow air flow to the filter when the cover is in the first position. In some embodiments,
the cover includes a valve, for example a one-way valve. In some embodiments, the cover is
further moveable to a range of intermediate positions between the first position and the
second position. The range of intermediate positions corresponds to a range of air flow rates

through the filter.

[0013] Another implementation of the present disclosure is a wound dressing assembly.
The wound dressing assembly includes a drape configured to cover and seal around a
perimeter of a wound bed and a track pad disposed on the drape. The track pad is configured
to couple to a tube operable to provide suction to the wound bed. The wound dressing

assembly also includes at least one vent opening in the drape and a cover coupled to the

3.
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drape. The cover is incrementally movable between a sealed position and an unsealed
position to permit a selectively controllable amount of an airflow through the vent opening to
the track pad. The wound dressing assembly also includes an indicator coupled to an
underside of the drape and operable to provide a visual indication that a fluid build-up is

present in the wound bed.

[0014] In some embodiments, the wound dressing assembly also includes a filter coupled to
the drape proximate the vent opening and configured to filter the airflow. In some
embodiments, the filter includes a hydrophobic membrane filter. In some embodiments, the
fluid indicator is disposed on the drape distal from the track pad and configured to provide a

fluid indication proximate an edge of the wound bed.

[0015] In some embodiments, the at least one vent opening includes a pattern of
perforations or fenestrations, and the cover comprises one or more peelable sheets that are

controllably removable in one or more segments to create a desired airflow.

[0016] In some embodiments, the indicator is further operable to detect at least one or more
of a pH, a presence of microbes, a presence of MMPs and/or other proteases. In some
embodiments, the indicator can convey presence of or can vary in colorimetric visualization

to provide a threshold indication.

[0017] Another implementation of the present disclosure is a wound dressing assembly.
The wound dressing assembly includes a drape configured to cover and seal around a
perimeter of a wound bed and a track pad disposed on the drape. The track pad is configured
to couple to a tube operable to provide suction to the wound bed. A fluid indicator is coupled
to an underside of the drape and operable to provide a visual indication that fluid build-up is
present in the wound bed. A vent assembly is attachable to the drape and operable to provide
an airflow through the drape to the wound bed. The vent assembly includes a flange defining
a vent opening, a peelable cover disposed on the flange and incrementally movable between a
sealed position and an unsealed position, and an adhesive layer disposed on the flange for
attachment to the drape. In some embodiments, the flange includes a projection configured to

pierce the drape when the flange is attached to the drape.
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[0018] Another implementation of the present disclosure is a negative pressure wound
therapy system. The negative pressure wound therapy system includes a tube, a pump
configured to provide a negative pressure to the tube, and a dressing. The dressing includes a
drape substantially sealable over a wound bed, a track pad configured to couple a tube to the
drape and allow the tube to provide suction to the wound bed, a vent opening in the drape, a
filter coupled to the drape and communicating with the vent opening, a cover movable
between a first position to seal the filter and a second position to unseal the filter, and a fluid
indicator coupled to the drape and operable to provide an indication that fluid build-up is
present in the wound bed. Moving the cover to the second position provides airflow through
the vent opening, the wound bed, and the tube, and moving the cover to the first position
allows the negative pressure to be substantially maintained in the wound bed. In some
embodiments, the cover is further moveable along a range of intermediate positions to adjust

a rate of airflow permitted through the vent opening.
BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1is a front view of a negative pressure wound therapy system, according to an

exemplary embodiment.

[0020] FIG. 2 is a cross-sectional view of a wound dressing assembly for use with the
negative pressure wound therapy system of FIG. 1 with a cover in a first position, according

to an exemplary embodiment.

[0021] FIG. 3A is a cross-sectional view of the wound dressing assembly of FIG. 2 with the

cover in a second position, according to an exemplary embodiment

[0022] FIG. 3B is a cross-sectional view of the wound dressing assembly of FIG. 2 with the

cover in an intermediate position, according to an exemplary embodiment.

[0023] FIGS. 4A-D are top views of various arrangements of the elements of the wound

dressing assembly of FIG. 2, according to exemplary embodiments.
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DETAILED DESCRIPTION

[0024] Referring to FIG. 1, a negative pressure wound therapy (NPWT) system 100 is
shown, according to an exemplary embodiment. NPWT system 100 includes a therapy
device 102 fluidly connected via a tube 104 to a drape 106 substantially sealed over a wound
bed 108. Wound bed 108 is a typically a tissue wound on a patient, for example a trauma
wound, a chronic wound, a third-degree burn, etc. A wound insert 110, for example a foam
dressing configured for use with the NPWT system 100, may be positioned in a volume 112

between the wound bed 108 and the drape 106.

[0025] Therapy device 102 is configured to provide negative pressure wound therapy by
reducing the pressure at wound bed 108. More particularly, therapy device 102 includes a
pump (not shown) that can draw a negative pressure (relative to atmospheric pressure) at
wound bed 108 by removing wound exudate, air, and other fluids or debris from wound site
108 via tube 104. More particularly, the pump operates to provide a negative pressure to the
tube, which causes air and/or fluid to be sucked through the tube and deposited in a canister
114. Wound exudate may include fluid that filters from a patient’s circulatory system into
lesions or areas of inflammation. For example, wound exudate may include water and
dissolved solutes such as blood, plasma proteins, white blood cells, platelets, and red blood
cells. Removing fluid from the wound bed 108 helps to minimize fluid pooling in the wound
bed 108 and prevent complications associated with maceration in order to promote wound
healing. Negative pressure at the wound bed 108 may also increase blood flow to the wound

bed, reduce infection risks, and provide other benefits to the patient.

[0026] Drape 106 is substantially sealed over the wound bed 106, such that little to no air
leaks through or past the drape 106 and into the wound bed 108. Drape 106 thereby
facilitates the maintenance of negative pressure in the volume 112 between the drape 106 and
the wound bed 108 created by the pump via tube 104. In some cases, however, the seal
between the drape 106 and the wound bed 108 is sufficient to create the risk of fluid
blockages in the tube 104. For example, the pump may cause a cross-section of the tube 104
to be filled with a fluid. In such a case, a seal is created where the fluid meets the tube 104,
such that as the fluid is pulled towards the pump, the pressure drops in the volume 112. At

some point, the pressure in the volume 112 becomes equal to or lower than the pressure

-6-
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exerted by the pump, such that the pump no longer pulls the fluid towards the therapy unit
102, creating a blockage. The tube 104 and a trackpad 116 that couples the tube 104 to the
drape 106 may include features intended to reduce the risk of such blockages. Another
possible solution to fluid blockage in the tube 104 is to provide some amount of air flow to
the wound bed 108 that can serve to fill in behind a potential blockage to prevent the pressure
in the volume 112 from dropping to or below the pressure exerted by the pump. As described
in detail with respect to FIGS. 2-4, the wound dressing assembly described herein is
configured to combat fluid blockages and buildup by providing an indication of the presence
of fluid buildup in the wound bed 108 and selectively providing microbe-free airflow to the

wound bed 108 to facilitate the flow of fluid through the tube 104.

[0027] Referring now to FIG. 2, a cross-sectional view of a wound dressing assembly 200
with a cover 206 in a closed position is shown, according to an exemplary embodiment. The
wound dressing assembly 200 includes a drape 106, a trackpad 114, a vent opening 202, a
filter 204, a cover 206, and an indicator 208.

[0028] The drape 106 is configured to cover and seal around a perimeter of the wound bed
118. The drape has an inner surface 210 adjacent the volume 112 and an outer surface 212

facing the patient’s external environment (e.g., the air surrounding the patient).

[0029] The trackpad 114 is configured to couple the tube 104 to the drape 106 and allow
the tube 104 to provide suction to the wound bed 108 (i.e., to the volume 112). In some
embodiments, the trackpad 114 is integrated into the drape 106. In some embodiments, the
trackpad 114 adheres to the outer surface 212 of the drape 106 to align the tube 104 with a
hole through the drape 106.

[0030] The vent opening 202 extends through the drape 106. According to various
embodiments, the vent has a surface area within a range between approximately 0.001 cm?
and approximately 40 cm?. A preferable surface area of the vent opening 202 may be within
a range of approximately between .01 cm? and 1 cm?. Smaller or larger surface areas are also
possible. The vent opening 202 may be any suitable shape, including a rectangle, circle,

ellipse, slit, pentagon, octagon, irregular polygon, etc. While the wound dressing assembly
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200 of FIG. 2 shows a single vent opening 202, any number of vent openings 202 may be

included in a variety of arrangements, as discussed in detail with reference to FIGS. 4A-D.

[0031] The filter 204 is coupled to the drape 106 and is communicable with the vent
opening 202. As shown in FIG. 2, the filter 204 fills the vent opening 202, for example
aligned with the inner surface 210 and the outer surface 212 of the drape 106. The filter 204
allows the flow of air through the vent opening 202 into the volume 112, for example as
illustrated in FIGS. 3A-B, while preventing the passage of microbes or other contaminants
through the vent opening 202 and is intended to prevent backflow of air and/or fluid out of
the volume 112 through the vent opening 202. Accordingly, the filter is a hydrophobic
membrane that includes pores with an average diameter in a range between approximately 0.1
micron and approximately 0.4 micron, preferably between 0.20 and 0.22 micron. The filter
may be fabricated from one or more of polyether sulfone, cellulose acetate, cellulose nitrate,
nylon, polypropylene, or polytetrafluoroethylene. In an embodiment where the wound
dressing assembly 200 includes a plurality of vent openings 202, the wound dressing
assembly 200 may also include multiple filters 204, each filter 204 corresponding to one of

the vent openings 202.

[0032] The cover 206 is positioned proximate the vent opening 202 and the filter 204.
More particularly, the cover is coupled to the drape and moveable between a first position
(shown in FIG. 2) to cover the vent opening 202 and the filter 204 and a second position
(shown in FIG. 3A) to uncover the vent opening 202 and the filter 204. In some
embodiments, the cover 206 is also moveable through a range of intermediate positions
between the first and second positions, for example as shown in FIG. 3B, to adjust a rate of

airflow through the filter 204 and the vent opening 202.

[0033] In the embodiments shown in FIGS. 2-4, the cover 206 is a peelable polymer cover
manufactured from one or more of polyurethane, polyamide, polypropylene, polyethylene,
polyvinyl chloride, ethylene vinyl acetate copolymers, polyvinyl alcohol, or polyether block
amide polymers. The cover 206 may be any suitable shape, including a circle, triangle,
square, rectangle, pentagon, hexagon, or heptagon, or some combination thereof. In other
embodiments, the cover 206 may include, or may be, a valve articulable between an open and

closed position.
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[0034] The cover 206 of FIGS. 2-3D is also shown to include a pressure-sensitive adhesive
layer 220 positioned at a bottom surface 222 of the cover 206 that is configured to removably
couple the cover 206 to the outer surface 212 of the drape 106 around the vent opening 202.
The pressure-sensitive adhesive layer 220 can be pressed against the outer surface 212 to
couple the cover 206 to the drape 106, and peeled away from the drape 106 to remove the
cover 206 or a portion of the cover 206 from the drape 106. The cover 206 can thereby be
repeatedly coupled to and decoupled from the drape 106. In various embodiments, the
pressure sensitive adhesive layer 220 is manufactured from one or more of polyacrylate,
polymethacrylate, polyurethane, hydrogel, natural rubber, synthetic rubber, styrene block
copolymer, polyvinyl ether, polyolefin, hydrocolloid, silicon or silicone based material,
styrene butadiene, polyisoprene, polychlorprene, polybutadiene, polychlorosulphonated

polyethylene, rosin tackifier, coumarone resin, or coumarone indene resin.

[0035] When the adhesive layer 220 adheres the cover 206 to the drape 106 around the vent
opening 202 as shown in FIG. 2, the cover 206 substantially seals the vent 202 and the filter
204. A remaining leak rate through the cover 206 (i.e., through the vent opening 202 into the
volume 212 when the cover 206 is not in the first position) may vary within a range of
between approximately 0.01 and 2 liters per minute, preferably in the range of approximately
.05 to 0.5 liters per minute. In some cases, the cover 206 includes a film that has perforations
or fenestrations that allow air flow to the filter 204 and vent opening 206 when the cover 206

is in the first position (i.e., when the cover is vent opening 206 is ‘closed’).

[0036] Referring further to FIGS. 2-4D, the indicator 208 is coupled to the drape at a
strategically advantageous location and is operable to provide a visual indication that fluid
build-up is present in the wound bed 108. In some cases, the indicator 208 is additionally or
alternatively operable to indicate one or more of a pH, a presence of microbes, a presence of

matrix metalloproteinases, or a presence of other proteases.

[0037] The indicator 208 includes a top layer 230 and a bottom layer 232. The bottom
layer 232 includes a substrate coated with a water-soluble biocompatible colorant (e.g., dye,
ink, pigment, etc. with a color of blue, red, green, etc.). The substrate of the bottom layer 232
includes one or more of a polymer, a textile, or cellulose. The top layer 230 is substantially

unpigmented and is configured to allow capillary action from the bottom layer. The bottom

9.
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layer 232 and the top layer 230 are arranged such that when the bottom layer 232 contacts
fluid, capillary action draws the colorant to the top layer and causes the top layer to turn the
color of the colorant. Accordingly, the top layer 230 is manufactured from one or more of an
absorptive textile or paper, with a thickness and absorptivity tuned (e.g. by tailoring the
amount of capillary action) such that a change in color of the top layer corresponds to a
predetermined amount of fluid buildup in the wound bed. For example, in some cases 0.2mL
of fluid will not turn the top layer 230 the color of the colorant (e.g., blue), but 2mL of fluid
will turn the top layer 230 the color of the colorant. In some embodiments, the top layer 230
is configured to return to an unpigmented appearance after fluid build-up in the wound bed
108 is reduced. The indicator 208 may be configured to show a dichotomous indication of
fluid buildup (i.e., fluid or no fluid), or may provide a colorimetric visualization that shows a

range fluid levels and may provide a threshold indication.

[0038] As shown in FIG. 2, the indicator 208 is coupled to the inner surface 210 of the
drape 106. The drape 106 is transparent or translucent such that the color of the top layer 230
of the indicator 208 can be seen through the drape 106. In other embodiments, the indicator
208 extends through the drape 106, such that the top layer 230 is aligned with or protrudes
from the outer surface 212 of the drape 106. In some embodiments, the indicator 208 is

included with the cover 206 (e.g., coupled to the cover 206, integrated into the cover 206).

[0039] The indicator thereby communicates (e.g. by changing color ,etc.) to a patient or
caregiver that additional airflow is needed to the wound bed 108 to facilitate the removal of
fluid via tube 104 to reduce the level of fluid build-up. That is, a change in color of the top
layer 230 to the colorant color indicates that a blockage is likely present in the tube 104,
which is preventing removal of fluid from the wound bed 108. In response to a change in
color of the top layer 230, then, a patient or caregiver may move the cover 206 from the first
position (as shown in FIG. 2) to the second position (shown in FIG. 3A and described in

detail below) to provide airflow that facilitates the elimination of the blockage.

[0040] Referring now to FIG. 3, a cross-sectional view of the wound dressing assembly 200
with the cover 206 in a second position is shown, according to an exemplary embodiment.
To transition the cover 206 from the first position shown in FIG. 1, where the adhesive layer

200 substantially seals the cover 206 around the vent opening 202, to the second position

-10-
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shown in FIG. 2, the cover 206 is peeled away from drape 106. The cover 206 may include a
tab, grip, flap, etc. to help a patient or caregiver grab the cover 206 and peel the cover 206
away (e.g., pull, un-adhere, decouple) from the drape 106. In some embodiments the cover
206 is securely coupled to the drape 106 at an edge or corner of the cover 206 to allow the
cover 206 to be peeled away from the drape 106 as shown in FIG. 2 without completely
separating from the drape 106. In other embodiments, the cover 206 is configured to be

completely removable from and replaceable on the drape 106.

[0041] When the cover 206 is in the second position of FIG. 3A, the vent opening 202 and
the filter 204 are uncovered and unsealed. The cover 206 can be selectively moved from the
first position to the second position to permit airflow through the vent opening 202 and the
filter 204, and replaced in the first position from the second position to substantially prevent
airflow through the vent opening 202 to facilitate the maintenance of negative pressure in the

volume 112.

[0042] FIG. 3A includes flow arrows that illustrate a flow path 300 of airflow through the
vent opening 202 and filter 204, across the wound bed 108, and into the tube 104. As air
flows through the vent opening 202, the filter 204 filters the air to prevent microbes,
moisture, and/or particulates from reaching the wound bed 108. As the filtered air flows
across the wound bed 108, fluid and other debris from the wound bed 108 is picked up with
it, flowing towards the tube 104. The air and fluid flow is then directed out of the volume
112 through the trackpad 114 and the tube 104 to the therapy unit 104 (shown in FIG. 1).
Positioning the cover 206 in the second position thereby facilitates airflow that facilitates
movement of fluid from the wound bed 108 towards the tube 104. Furthermore, when the
cover 206 is in the second position, the volume 112 is open to a source of air at atmospheric
pressure, which substantially prevents the pressure in the volume 112 from dropping to or
below the negative pressure created by the pump. Placing the cover 206 in the second
position may thereby release a fluid blockage in the tube 104 and/or reduce the risk of future

fluid blockages.

[0043] A possible scenario may be as follows. A fluid blockage in the tube 104 leads to
fluid buildup in the volume 112 (i.e., because the fluid is blocked from removal via tube 104).

The top layer 230 of the indicator 208 changes color in response to the fluid buildup, and is

-11-
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noticed by a patient or caregiver. The patient or caregiver then peels the cover 206 from the
first position of FIG. 2 to the second position of FIG. 3A, allowing airflow through the vent
opening 202 and the filter 204 into the volume 112. Because the volume 112 and the tube
104 are at negative pressure relative to the atmospheric pressure of the outside air, the outside
air is pulled through the filter and towards the tube 104, releasing the fluid blockage in the
tube 104. The built-up fluid can then also be drawn through the tube 104. At some point, the
fluid build-up has been sufficiently reduced, and the cover 206 can be replaced to allow the

pump and tube 104 to reestablish a negative pressure in the volume 112.

[0044] In some cases, an intermediate level of airflow may be preferable, for example to
provide a continuous, consistent, and/or limited air flow. FIG. 3B shows the wound dressing
assembly 102 with the cover 206 in an intermediate position, according to an exemplary
embodiment. In the intermediate position, the cover 206 covers a portion of the vent opening
202 and the filter 204, while uncovering the remainder of the vent opening 202 and the filter
204. As shown in FIG. 3B, a first portion 350 of the adhesive layer 220 is adhered to the
drape 106, blocking airflow to a portion of the vent opening 202 and the filter 204. A second
portion 352 of the adhesive layer 220 is peeled away from the drape 106, allowing airflow
through the vent opening 202 and filter 204 as indicated by flow path 354.

[0045] By changing the relative sizes of the first portion 350 and the second portion 352
(i.e., adhering more or less of the adhesive layer 220 to the drape 106), the cover is
incrementally moveable from the first (sealed) position to the second (unsealed) position to
permit a selectively controllable or tunable amount of airflow through the vent opening 202
into the volume 102 and to the trackpad 144 and tube 104. For example, an amount of
airflow may be chosen that optimally minimizes the risk of fluid blockages and buildup while
also allowing a negative pressure to be maintained in the volume 112. Advantageously, the
cover 206 is repeatedly moveable through the range of positions corresponding to a range of
airflow rates, such that airflow can be repeatedly tuned, or adjusted, for example on a set
schedule, in response to an indication of the indicator 208, to adjust to changing wound
conditions as healing occurs, to experiment to find an ideal airflow rate for a particular
wound and patient, and to allow the wound assembly 106 to be used with a variety of wounds

types, wound sizes, and patients. For example, the cover 206 is repositionable to reseal the
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vent opening 202 after the fluid buildup or liquid pooling has been substantially eliminated
by the increased airflow. As discussed with reference to FIGS. 4 A-D, similar advantages are

achievable using multiple covers 206.

[0046] Referring now to FIGS. 4A-D, top views of a variety of possible arrangements of
the elements of the wound dressing assembly 200 are shown, according to exemplary
embodiments. In general, the present disclosure contemplates any arrangement of one or
more trackpads 114, one or more vent openings 202, one or more filters 204, one or more
covers 206, and/or one or more fluid indicators 208 on drapes 106 of various shapes and

sizes. FIGS. 4A-D illustrate several such arrangements.

[0047] FIG. 4A shows the indicator 208 strategically disposed on the drape 106 at a
location distal from the track pad 114. In other words, the indicator 208 is separated from the
track pad 114 by a large proportion of distance on the drape 106. The indicator 208 is
positioned and configured to provide a fluid indication proximate an edge of the wound bed
108. The trackpad 114 is positioned across the wound bed 108 (e.g., along an opposite edge,
near an opposing corner), such that the fluid indication provided by the indicator 208
corresponds to fluid buildup in an area of the wound bed 108 far from the trackpad 114. The
cover 206 is located near the indicator 208, and covers a vent opening 202 and a filter 204.
The cover 206 may be peeled away from the drape 106 to provide airflow to the wound bed
108 proximate the indicator 208.

[0048] In FIG. 4B, the cover 206 is shown according to another embodiment as a cover
strip 410. The cover strip 410 may cover a series of vent openings 202, a single vent opening
202 that extends under the strip of covers 410, or a vent opening 202 made up of a pattern of
perforations or fenestrations disposed under the strip of covers 410. The cover strip 410 is
shown by way of example to include multiple peelable sheets 412 that are controllably
removable in one or more segments to create a desired airflow, in combination with the
nature of openings disposed therebeneath (e.g. series of openings, an elongated opening, a
plurality of perforations or fenestrations, etc.). The peelable sheets 412 are separated by
perforations, such that each peelable sheet 412 is independently movable from a sealed
position to an unsealed position to provide airflow to a vent opening 202 or a segment of a

vent opening 202 disposed under that peelable sheet 412. Airflow direction and rates can
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thus be selectively tuned and customized, e.g. in response to an indication of the presence or
absence of fluid in the wound bed from indicator 208, by unsealing various combinations of

the peelable sheets 412 that make up cover strip 410.

[0049] In FIG. 4C, the trackpad 114 is shown by way of example to be centrally located on
the drape 106. Multiple vent openings 202 are each covered by a cover 206. As shown, four
vent openings 202, each with a corresponding filter 204, are covered by four peelable
polymer covers 206. The vent openings 202 and the covers 206 are disposed in a pattern on
the drape 106 to provide a selectively customizable air flow profile beneath the drape 106
(i.e., in volume 206). That is, each of the multiple covers 206 can be moved between a
closed position to seal the corresponding vent opening 202 and filter 204, an open position to
unseal the corresponding vent opening 202 and filter 204, and a range of intermediate
positions in between. Multiple indicators 208 are provided to deliver indications of fluid
buildup under various locations of the drape 106, which may be useful in selectively tuning
the location nand amount of airflow using selected locations and positions (e.g. open, closed,

intermediate open, etc.) of the multiple covers 206.

[0050] InFIG. 4D, the drape 106 is shown by way of example to include dashed lines (or in
some embodiments, perforations 440). Perforations 440 are intended to allow for
customization of the drape in multiple possible shapes and/or sizes, shown as a rectangle 442,
a square 444, and an oval 446. Several vent openings 202 and covers 206, and indicators 208
are positioned on the drape 106 to provide at least one vent opening for each of the possible
shapes 442-444. Thus, the drape 106 of FIG. 4D provides customizability of drape size and
shape as well as airflow. For example, the drape may be separated or cut along any of the

dashed lines or perforations for adaptation to a shape of a particular wound bed.

[0051] Other possible implementations of the wound dressing assembly 200 are possible.
For example, in some embodiments a vent assembly is attachable to the drape 106 to
selectively position the vent assembly. In such embodiments, the vent assembly includes a
flange defining a vent opening, a peelable cover disposed on the flange and incrementally
moveable between a sealed position and an unsealed position, and an adhesive layer disposed
on the flange for attachment to the drape. The flange may include a projection configured to

pierce the drape when the flange is attached to the drape, creating an opening through the
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drape. One or more of such vent assemblies can be positioned by a user anywhere on the
drape 106 to provide the desired selectable airflow. An indicator may be included with the
drape 106 as described above, included with the vent assembly, or independently positionable

on the drape 106.

[0052] According to any exemplary embodiment, a wound dressing for a NPWT system is
provided that permits a selectively tunable flow of filtered air through and beneath a drape, in
response to an indication of the presence or absence of a fluid buildup in the wound bed. The
dressing typically includes a drape, a tube and track pad integrated with the drape and
communicating with a negative pressure source, a vent opening (or pattern of vent openings
of various shapes and/or sizes) and having a hydrophobic filter disposed in airflow
communication therewith, and a fluid indicator coupled to the drape at strategic locations
intended to permit a caregiver to assess the location and amount of fluid buildup occurring
within the wound bed. The features of the wound dressing permit a controlled airflow
through and beneath the drape, in coordination with the capacity of the negative pressure
therapy device and the rate (or rate of change of) fluid build-up in the wound bed. A method
of selectively tuning an airflow in a negative pressure wound dressing is also disclosed. The
method includes at least the steps of observing via one or more indicators the presence or
absence of a fluid buildup condition with a wound bed, and establishing a controlled airflow
through a drape of the dressing in response to the observation. A method of making a
selectively tunable, negative pressure wound therapy dressing is also disclosed. The method
includes the steps of providing a drape, coupling one or more fluid indicators to the drape,
and providing one or more vent openings that are selectively and/or incrementally openable
to establish an airflow in response to an indication from the indicators representative of a

fluid buildup. All such variations are intended to be within the scope of this disclosure.

[0053] Other arrangements and combinations of the elements described herein and shown
in the Figures are also contemplated by the present disclosure. The construction and
arrangement of the systems and apparatuses as shown in the various exemplary embodiments
are illustrative only. Although only a few embodiments have been described in detail in this
disclosure, many modifications are possible (e.g., variations in sizes, dimensions, structures,

shapes and proportions of the various elements, values of parameters, mounting
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arrangements, use of materials, colors, orientations, etc.). For example, the position of
elements can be reversed or otherwise varied and the nature or number of discrete elements
or positions can be altered or varied. Accordingly, all such modifications are intended to be
included within the scope of the present disclosure. Other substitutions, modifications,
changes, and omissions can be made in the design, operating conditions and arrangement of

the exemplary embodiments without departing from the scope of the present disclosure.
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WHAT IS CLAIMED IS:

1. An assembly comprising:

a drape substantially sealable over a wound bed;

a track pad configured to couple a tube to the drape and allow the tube to provide
suction to the wound bed;

a vent opening in the drape;

a filter coupled to the drape and communicating with the vent opening;

a cover coupled to the drape and movable between a first position to cover the vent
opening and filter, and a second position to uncover the vent opening and the filter; and

a fluid indicator coupled to the drape and operable to provide a visual indication that

fluid build-up is present in the wound bed.

2. The assembly of claim 1, wherein the cover comprises a peelable polymer

cover.

3. The assembly of claim 2, wherein the peelable polymer cover comprises a
pressure-sensitive adhesive layer positioned at a bottom surface of the peelable polymer
cover, the pressure-sensitive adhesive layer comprising one or more of polyacrylate,
polymethacrylate, polyurethane, hydrogel, natural rubber, synthetic rubber, styrene block
copolymer, polyvinyl ether, polyolefin, hydrocolloid, silicon or silicone based material,
styrene butadiene, polyisoprene, polychlorprene, polybutadiene, polychlorosulphonated

polyethylene, rosin tackifier, coumarone resin, or coumarone indene resin.

4. The assembly of claim 2, wherein the peelable polymer cover comprises one
or more of polyurethane, polyamide, polypropylene, polyethylene, polyvinyl chloride,

ethylene vinyl acetate copolymers, polyvinyl alcohol, or polyether block amide polymers.

5. The assembly of claim 2, wherein the peelable polymer cover is shaped as one

or more of a circle, a triangle, a square, a rectangle, a pentagon, a hexagon, or a heptagon.
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6. The assembly of claim 1, wherein the vent opening comprises a plurality of

vent openings and the cover comprises a plurality of peelable polymer covers.

7. The assembly of claim 6, wherein the plurality of vent openings and the
plurality of peelable polymer covers are disposed in a pattern on the drape, to provide a

selectively customizable air flow profile beneath the drape.

8. The assembly of claim 1, wherein the vent has a surface area within a range

between approximately 0.001 square centimeters and approximately 40 square centimeters.

9. The assembly of claim 1, wherein the filter prevents the passage of microbes
through the vent opening, prevents backflow through the vent, and allows the flow of air

through the vent opening when the cover is in the second position.

10. The assembly of claim 1, wherein the filter is hydrophobic, and comprises
pores with average diameter in a range between approximately 0.1 micron and approximately
0.4 micron, and is fabricated from one or more of polyether sulfone, cellulose acetate,

cellulose nitrate, nylon, polypropylene, or polytetrafluoroethylene.

11. The assembly of claim 1, wherein the fluid indicator comprises a top layer and
a bottom layer, the bottom layer comprising a substrate coated with a water-soluble
biocompatible colorant, the top layer substantially unpigmented and configured to allow
capillary action from the bottom layer, the capillary action drawing the colorant to the top

layer when the bottom layer contacts fluid.
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12. The assembly of claim 11, wherein:

the substrate comprises one or more of a polymer, a textile, or cellulose;

the top layer comprises one or more of an absorptive textile or paper; and

the top layer has a thickness and absorptivity tuned such that a change in color of the

top layer corresponds to a predetermined amount of fluid buildup in the wound bed.

13. The assembly of claim 1, wherein the fluid indicator is further operable to
indicate at least one of a pH, a presence of microbes, a presence of matrix metalloproteinases,

or a presence of other proteases.

14. The assembly of claim 1, wherein the cover comprises the fluid indicator.

15. The assembly of claim 1, further comprising:

a plurality of additional vent openings interspersed on the drape;

a plurality of additional filters, each additional filter coupled to the drape and
communicating with one of the plurality of additional vent openings; and

a plurality of additional covers, each additional cover positioned at a corresponding
filter of the plurality of additional filters and movable between a closed position to seal the

corresponding filter and an open position to unseal the corresponding filter.

16. The assembly of claim 15, wherein the drape comprises perforations that
allow for customization of the drape in a plurality of possible shapes, the vent opening and
the plurality of additional vent openings positioned on the drape to provide at least one vent

opening for each of the plurality of possible shapes.

17. The assembly of claim 1, wherein the cover comprises a film having
perforations or fenestrations that allow air flow to the filter when the cover is in the first

position.

18. The assembly of claim 1, wherein the cover comprises a valve.
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19. The assembly of claim 1, the cover further moveable to a range of
intermediate positions between the first position and the second position, the range of

intermediate positions corresponding to a range of air flow rates through the filter.

20. A wound dressing assembly, comprising:

a drape configured to cover and seal around a perimeter of a wound bed;

a track pad disposed on the drape, the track pad configured to couple to a tube
operable to provide suction to the wound bed;

at least one vent opening in the drape;

a cover coupled to the drape, the cover incrementally movable between a sealed
position and an unsealed position to permit a selectively controllable amount of an airflow
through the vent opening to the track pad; and

an indicator coupled to an underside of the drape and operable to provide a visual

indication that a fluid build-up is present in the wound bed.

21. The wound dressing assembly of claim 20, further comprising a filter coupled

to the drape proximate the vent opening and configured to filter the airflow.

22. The wound dressing assembly of claim 20, wherein the filter comprises a

hydrophobic membrane filter.

23. The wound dressing assembly of claim 20, wherein the fluid indicator is
disposed on the drape distal from the track pad and configured to provide a fluid indication

proximate an edge of the wound bed.

24, The wound dressing assembly of claim 20, wherein the at least one vent
opening comprises a pattern of perforations or fenestrations, and the cover comprises one or
more peelable sheets that are controllably removable in one or more segments to create a

desired airflow.

-20-



WO 2019/200035 PCT/US2019/026893

25. The wound dressing assembly of claim 20, wherein the indicator is further
operable to detect at least one or more of a pH, a presence of microbes, a presence of MMPs

and/or other proteases.

26. The wound dressing of claim 25, wherein the indicator can convey presence of

or can vary in colorimetric visualization to provide a threshold indication.

27. A wound dressing assembly, comprising:

a drape configured to cover and seal around a perimeter of a wound bed;

a track pad disposed on the drape, the track pad configured to couple to a tube
operable to provide suction to the wound bed;

a fluid indicator coupled to an underside of the drape and operable to provide a visual
indication that fluid build-up is present in the wound bed; and

a vent assembly attachable to the drape and operable to provide an airflow through the
drape to the wound bed, the vent assembly comprising: a flange defining a vent opening, a
peelable cover disposed on the flange and incrementally movable between a sealed position
and an unsealed position, and an adhesive layer disposed on the flange for attachment to the

drape.

28. The wound dressing of claim 27, wherein the flange further comprises a

projection configured to pierce the drape when the flange is attached to the drape.

29. A method of selectively tuning an airflow in a negative pressure wound
dressing, comprising the steps of: observing via one or more indicators the presence or
absence of a fluid buildup condition with a wound bed; and establishing a controlled airflow

through a drape of the dressing in response to the observation.

30. A method of making a selectively tunable, negative pressure wound therapy
dressing, comprising the steps of: providing a drape; coupling one or more fluid indicators to
the drape; and providing one or more vent openings that are selectively and/or incrementally
openable to establish an airflow in response to an indication from the indicators

representative of a fluid buildup.

21-



WO 2019/200035 PCT/US2019/026893

31. A negative pressure wound therapy system comprising:

a tube;

a pump configured to provide a negative pressure to the tube; and

a dressing, comprising:

a drape substantially sealable over a wound bed;

a track pad configured to couple a tube to the drape and allow the tube to provide
suction to the wound bed;

a vent opening in the drape;

a filter coupled to the drape and communicating with the vent opening;

a cover movable between a first position to seal the filter and a second position to
unseal the filter; and

a fluid indicator coupled to the drape and operable to provide an indication that fluid
build-up is present in the wound bed;

wherein moving the cover to the second position provides airflow through the vent
opening, the wound bed, and the tube, and moving the cover to the first position allows the

negative pressure to be substantially maintained in the wound bed.
32. The negative pressure wound therapy system of claim 27, wherein the cover is

further moveable along a range of intermediate positions to adjust a rate of airflow permitted

through the vent opening.

2.



WO 2019/200035 PCT/US2019/026893

1/5

112

.
-
: .
\ T
e ~
- N
L_
N Y,




PCT/US2019/026893
2/5

WO 2019/200035

4%%

80}

0bZ—

¢ Old

80¢

2Lz~

il

1213

90¢

£
//@9

*— 00z



PCT/US2019/026893
3/5

WO 2019/200035

v¢€ Ol

cec
» 0cz }

80¢

™

//@9

*— 00z

1213



PCT/US2019/026893
4/5

WO 2019/200035

4%%

80}

0bZ—

d€ Ol

2Lz~

1425

1213

£
//@9

*— 00z



PCT/US2019/026893
5/5

WO 2019/200035

O~

!
\ _ / _M/_.
@(S ! 802
\ I /
~~T_ - < Nlgoe
|||||| — |1[_|||_‘|||||||||/AI
womu\\mmmmwv _ A44
1 |
90z v |\
®— 00z

90—

80¢

90¢—

——90¢

>
<>

¥ r@
50 o0z
|
g0}
*— 00z
Yv 9Ol
ey
[—~—s0z
o
|
|\
901 % 00z



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2019/026893

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61M1/00 A61F13/00
ADD.

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A6IM A61F

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

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

EPO-Internal, BIOSIS, CHEM ABS Data, EMBASE, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 20137172836 Al (VESS MARK A [US] ET AL) 1-32
4 July 2013 (2013-07-04)
paragraphs [0045], [0050]; figure 4
Y CA 2 805 049 Al (KCI LICENSING INC [US]) 1-32
26 January 2012 (2012-01-26)
paragraph [0056]; figure 3
A US 2016/339155 A1l (PRATT BENJAMIN ANDREW 1-32
[GB] ET AL) 24 November 2016 (2016-11-24)
paragraphs [0006], [0030], [0032],
[0033], [0o040], [0044], [0049],
[0053], [0056]; figures 2,9,10

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

19 June 2019

Date of mailing of the international search report

01/07/2019

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Vadot, Pierre

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2019/026893
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2013172836 Al 04-07-2013 CA 2763871 Al 09-12-2010
CA 2854734 Al 09-12-2010
EP 2437802 Al 11-04-2012
EP 3058963 Al 24-08-2016
ES 2580133 T3 19-08-2016
JP 5267962 B2 21-08-2013
JP 2012528605 A 15-11-2012
US 2010305524 Al 02-12-2010
US 2013172836 Al 04-07-2013
US 2015018785 Al 15-01-2015
US 2018140757 Al 24-05-2018
WO 2010141030 Al 09-12-2010

CA 2805049 Al 26-01-2012 AU 2011279913 B2 10-12-2015
AU 2011279915 Al 10-01-2013
CA 2805049 Al 26-01-2012
CA 2805119 Al 26-01-2012
CN 102970949 A 13-03-2013
CN 102970950 A 13-03-2013
EP 2595588 Al 29-05-2013
EP 2595589 Al 29-05-2013
EP 2826449 Al 21-01-2015
EP 3318228 Al 09-05-2018
JP 6258700 B2 10-01-2018
JP 2013535260 A 12-09-2013
JP 2013538071 A 10-10-2013
JP 2018011971 A 25-01-2018
TW 201208726 A 01-03-2012
TW 201216930 A 01-05-2012
US 2012016322 Al 19-01-2012
US 2012016323 Al 19-01-2012
US 2014336597 Al 13-11-2014
US 2016206793 Al 21-07-2016
US 2019105434 Al 11-04-2019
WO 2012012286 Al 26-01-2012
WO 2012012288 Al 26-01-2012

US 2016339155 Al 24-11-2016 AU 2012335000 Al 10-04-2014
AU 2018200097 Al 25-01-2018
AU 2019203403 Al 06-06-2019
CA 2850958 Al 16-05-2013
CN 103889377 A 25-06-2014
EP 2775974 Al 17-09-2014
JP 6158202 B2 05-07-2017
JP 2014533182 A 11-12-2014
US 2013123722 Al 16-05-2013
US 2016339155 Al 24-11-2016
US 2019167861 Al 06-06-2019
WO 2013071253 Al 16-05-2013

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - wo-search-report
	Page 31 - wo-search-report

