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COLLAPSIBLE SHEET FOR WOUND CLOSURE AND METHOD OF USE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application No.
62/519,775 filed on June 14, 2017, which 1s incorporated by reference mn 1its entirety.

BACKGROUND
Field of Use

[0002] This application describes embodiments of apparatuses, methods, and

systems for the treatment of wounds, specifically to aid in the closure of large wounds.

Description of the Related Art

[0003] Acute compartment syndrome occurs when tissue pressure within a closed
muscle compartment exceeds the perfusion pressure and it most commonly occurs in
compartments in the leg or arm. Fasciotomy 1s a surgical procedure to treat acute
compartment syndrome. Fasciotomy consists of one or more fascial incisions to permit
decompression of the compartments, and as such, a large wound may be created onto the
patient. Closure of this wound, while mimmizing the risk of secondary mfections and other
complications, and after the underlying edema has subsided, then becomes a priority. Other
large or incisional wounds, either as a result of surgery, trauma, or other conditions, may also
require closure. Wound dehiscence of existing wounds 1s another complication that may arise,
possibly due to ncomplete underlying fascial closure, or secondary factors such as infection.

[0004] The treatment of open or chronic wounds by means of applying negative
pressure to the site of the wound, where the wounds are too large to spontancously close or
otherwise fail to heal 1s well known 1n the art. Negative pressure, in many cases, can iImprove
the rate of healing while also removing exudates and other deleterious substances from the
wound. Negative pressure wound treatment systems currently known in the art commonly
involve placing a cover that 1s impermeable to hiquids over the wound, using various
mechanisms to seal the cover to the tissue of the patient surrounding the wound, and
connecting a source of negative pressure (such as a vacuum pump) to the cover whereby an

arca of negative pressure 1s created under the cover in the area of the wound.
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[0005] However, existing negative pressure treatment systems, while permitting
eventual wound closure, still require lengthy closure times. Although these may be combined
with other tissue securement means, such as sutures, there 1s also a risk that underlying
muscular and fascial tissue 1s not appropriately reapproximated so as to permit complete
wound closure. Further, when foam or other wound fillers are inserted into the wound, the
application of negative pressure to the wound and the foam may cause atmospheric pressure
to bear down onto the wound, compressing the foam downward and outward against the
margins of the wound. This downward compression of the wound filler slows the healing
process and slows or prevents the joming of wound margins. Additionally, inflammation of the
fascia 1n the form of certain types of fascutis can lead to rapid and excessive tissue loss,
potentially meriting the need for more advanced negative pressure treatment systems.
Accordingly, there 1s a need to provide for an improved apparatus, method, and system for the

treatment and closure of wounds.

SUMMARY
[0006] Certain disclosed embodiments relate to negative pressure wound closure
devices, methods, and systems that facilitate closure of a wound. It will be understood by one
of skill in the art that the wounds described may encompass any wound, and are not limited to
a particular location or type of wound. Further, it will be understood by one of skill of art that
application of the devices, methods, and systems described herein are not lmited to the
closure of wound or any other particular use. The devices, methods, and systems may operate
to reduce the need for repetitive replacement of wound filler material currently employed and
can advance the rate of healing. The devices, methods, and systems may be simultaneously
used with negative pressure to remove wound fluids.
[0007] In some embodiments, a wound closure device may comprise a collapsible
sheet configured to be placed over a wound. The collapsible sheet comprises:
a top layer and a bottom layer; and
a plurality of cells at least partially defined by the top layer and the bottom
layer, the plurality of cells arranged side-by-side;

wherein each cell has a tessellating shape, and
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wherein at least one of the plurality of cells 1s configured to collapse in a
vertical plane of the collapsible structure and thereby cause the collapsible sheet to
collapse.

[0008] [0007] In some embodiments, at least some of the cells may be
inflatable. At least one of the top layer or the bottom layer may comprise flexible thin film
material. At least some of the cells may be configured to collapse when negative pressure 1s
applied to the collapsible sheet.

[0009] In some embodiments, at least one cell may have a hexagonal shape. The
plurality of cells may have uniform size and shape, or at least some of the plurality of cells may
have non-uniform size and/or shape. In some embodiments, the collapsible sheet may further
comprise a cell wall. The cell wall may be inflatable. The collapsible sheet further comprises
an indicator on one or more cells configured to indicate a direction where the collapsible sheet
will collapse upon collapse of any particular cell.

[0010] In some embodiments, the collapsible sheet may be configured to cover the
wound and form a seal around the wound. The wound closure device may further comprise a
suction port configured to supply negative pressure to the wound and/or a tissue protection
layer configured to be positioned over the wound below the collapsible sheet. The port may
be integrated mn the collapsible sheet. The port may comprise a valve including
superabsorbent material configured to swell and at least partially close the valve when a rate
of absorption of wound fluid is greater than a rate of evaporation of wound fluid. The bottom
surface of the collapsible sheet may comprise one or more gaps between cells. The wound
closure device may further comprise one or more drapes configured to cover the collapsible
sheet and form a seal around the wound.

[0011] In certain embodiments, a method of treating a wound comprises placing
the collapsible sheet over the wound. The method may further comprise applying or causing
application of negative pressure through the collapsible sheet to the wound, wherein the
application of negative pressure causes the collapsible sheet to collapse. The method may
further comprise placing a tissue protection layer over the wound before placing the

collapsible sheet.
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[0012] Other embodiments of an apparatus for use with negative pressure, devices

and associated methods are described below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Fig. 1 illustrates an embodiment of a negative pressure treatment system.

[0014] Fig. 2 illustrates an embodiment of a collapsible sheet.

[0015] Fig. 3 1llustrates collapse of a collapsible sheet according to an
embodiment.

[0016] Fig. 4 1illustrates a part of a collapsible sheet according to an embodiment.

[0017] Fig. 5 illustrates a partial top view of an embodiment of a collapsible sheet.

[0018] Figs. 6A-B illustrate embodiments of a collapsible sheet with a port.

[0019] Figs. 7A-B 1illustrate embodiments of a valve of a negative pressure

treatment system.

DETAILED DESCRIPTION

[0020] Embodiments disclosed in this section or elsewhere m this specification
relate to apparatuses and methods of treating a wound with reduced pressure, including pump
and wound dressing components and apparatuses. The apparatuses and components
comprising the wound overlay and packing materials, if any, are sometimes collectively
referred to 1n this section or elsewhere 1n this specification as dressings.

[0021] It will be appreciated that throughout this specification reference 1s made to
a wound. It 1s to be understood that the term wound 1s to be broadly construed and
encompasses open and closed wounds 1n which skin 1s torn, cut or punctured or where trauma
causes a contusion, or any other superficial or other conditions or imperfections on the skin of
a patient or otherwise that, in some cases, benefit from reduced pressure treatment. A wound
1s thus broadly defined as any damaged region of tissue where fluid may or may not be
produced. Examples of such wounds include, but are not limited to, abdominal wounds or
other large or incisional wounds, either as a result of surgery, trauma, sterniotomies,
fasciotomies, or other conditions, dehisced wounds, acute wounds, chronic wounds, subacute

and dehisced wounds, traumatic wounds, amputation wounds, flaps and skin grafts,
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lacerations, abrasions, contusions, burns, electrical burns, diabetic ulcers, pressure ulcers,
stoma, surgical wounds, trauma and venous ulcers or the like.

[0022] As 1S used mn this section or elsewhere in this specification, reduced or
negative pressure levels, such as —X mmHg, represent pressure levels that are below standard
atmospheric pressure, which typically corresponds to 760 mmHg (or 1 atm, 29.93 inHg,
101.325 kPa, 14.696 psi, ctc.). Accordingly, a negative pressure value of —X mmHg reflects
absolute pressure that 1s X mmHg below, for example, 760 mmHg or, mn other words, an
absolute pressure of (760—X) mmHg. In addition, negative pressure that 1s “less” or “smaller”
than —X mmHg corresponds to pressure that is closer to atmospheric pressure (e.g., —40
mmHg 1s less than —60 mmHg). Negative pressure that 1s “more” or “greater” than —X mmHg
corresponds to pressure that 1s further from atmospheric pressure (¢.g., —80 mmHg is more
than —60 mmHg).

[0023] The negative pressure range for some embodiments of the present
disclosure can be approximately -80 mmHg, or between about -10 mmHg and -200 mmHg.
Note that these pressures are relative to normal ambient atmospheric pressure. Thus, -200
mmHg would be about 560 mmHg in practical terms. In some embodiments, the pressure
range can be between about -40 mmHg and -150 mmHg. Alternatively, a pressure range of
up to -75 mmHg, up to -80 mmHg or over -80 mmHg can be used. Also 1n other
embodiments a pressure range of below -75 mmHg can be used. Alternatively, a pressure
range of over approximately -100 mmHg, or even -150 mmHg, can be supplied by the
negative pressure apparatus. In some embodiments, the negative pressure range can be as
small as about -20 mmHg or about -25 mmHg, which may be useful to reduce fistulas. In
some embodiments of wound closure devices described here, mcreased wound contraction
can lead to mcreased tissue expansion in the surrounding wound tissue. This effect may be
increased by varying the force applied to the tissue, for example by varying the negative
pressure applied to the wound over time, possibly in conjunction with increased tensile forces
applied to the wound via embodiments of the wound closure devices. In some embodiments,
negative pressure may be varied over time for example using a sinusoidal wave, square wave,

and/or 1n synchronization with one or more patient physiological indices (¢.g., heartbeat).
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[0024] Examples of such applications where additional disclosure relating to the
preceding descriptions may be found include U.S. Patent No. 8,235,955, titled “Wound
treatment apparatus and method,” 1ssued August 7, 2012 and U.S. Patent No. 7,753,894,
titled “Wound cleansing apparatus with stress,” 1ssued July 13, 2010. Both applications are
hereby mcorporated by reference in their entirety. Other applications that may contain
teachings relevant for use with the embodiments described in this section or elsewhere 1n this
specification may include Application Sernial No. 12/886,088, titled “Systems And Methods
For Using Negative Pressure Wound Therapy To Manage Open Abdominal Wounds,” filed
September 20, 2010, published as US 2011/0213287; Application Serial No. 13/092,042,
titled “Wound Dressing And Method Of Use,” filed April 21, 2011, published as US
2011/0282309; and Application Serial No. 13/365,615, titled “Negative Pressure Wound
Closure Device,” filed February 3, 2012, published as US 2012/0209227, the entireties of
cach of which are hereby incorporated by reference. Still more applications that may contain
teachings relevant for use with the embodiments described n this specification are Application
Serial No. 13/942,493, titled “Negative Pressure Wound Closure Device,” filed July 15, 2013,
published as US 2014/0180225; PCT App. No. PCT/US2013/050619, filed July 16, 2013
titled “Negative Pressure Wound Closure Device,” published as WO 2014/014871 Al; PCT
App. No. PCT/US2013/050698, filed July 16, 2013 titled “Negative Pressure Wound Closure
Device,” published as WO 2014/014922 Al; PCT App. No. PCT/IB2013/01555, titled
“Devices and Methods for Treating and Closing Wounds with Negative Pressure,” filed May
5, 2013, published as WO 2013/175309 Al; PCT App. No. PCT/US2014/025059, titled
“Negative Pressure Wound Closure Device and Systems and Methods of Use in Treating
Wounds with Negative Pressure,” filed March 12, 2014, published as WO 2014/165275 Al;
PCT App. No. PCT/GB2014/050746, “Compressible Wound Fillers and Systems and
Methods of Use In Treating Wounds With Negative Pressure,” filed Mar 13, 2014, published
as WO 2014/140578 Al; PCT App. No. PCT/US2014/061627, titled “Negative Pressure
Wound Closure Device,” filed Oct 21, 2014, and published as 2016/0287765 Al; and PCT
App. No. PCT/US2016/029888, titled “Negative Pressure Wound Closure Device,” filed Apr
28, 2016, published as WO 2016/176513. Each of the aforementioned applications is hereby
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incorporated by reference in its entirety and should be considered part of the present
specification.

[0025] As used 1 this section or eclsewhere m this specification, the term
“horizontal,” when referring to a wound, indicates a direction or plane generally parallel to the
skin surrounding the wound. The term “vertical,” when referring to a wound, generally refers
to a direction extending perpendicular to the horizontal plane. The term “longitudinal,” when
referring to a wound, generally refers to a direction 1n the horizontal plane taken 1n a direction
along which the wound 1s longest. The term “lateral,” when referring to a wound, generally
refers to a direction 1n the horizontal plane perpendicular to the longitudinal direction. The
terms “horizontal,” “vertical,” “longitudmal,” and “lateral” may also be used to describe the
collapsible sheets and wound closure devices described throughout this specification. When
describing these structures or devices, these terms should not be construed to require that the
structures or devices necessarily be placed mto a wound 1n a certain orientation, though 1n
certain embodiments, 1t may be preferable to do so.

[0026] Figure 1 1llustrates an embodiment of a negative pressure treatment system
100 that comprises a wound closure device 104 1 and/or over a wound 101. The wound
closure device 104 may comprise one or more embodiments of collapsible sheets described 1n
further detail 1n this section or elsewhere 1n this specification. In some embodiments, a single
drape or multiple drapes (not shown here) may be placed over the wound closure device 104,
and 1s preferably adhered or sealed to the skin on the periphery of the wound 101 so as to
create a fluid-tight seal. An aperture 106 may be made through the wound closure device 104
or the drape, which can be manually made or preformed into the wound closure device 104 or
drape so as to provide a fluidic connection from the wound 101 to a source of negative
pressure such as a pump 110. Preferably, the fluidic connection between the aperture 106 and
the pump 110 1s made via a conduit 108. In some embodiments, the conduit 108 may
comprise a RENASYS® Soft Port™, manufactured by Smith & Nephew. Of course, in some
embodiments, the wound closure device 104 or the drape may not necessarily comprise an
aperture 106, and the fluidic connection to the pump 110 may be made by placing the conduit

108 below the wound closure device 104 or the drape. In some wounds, particularly larger



CA 03065420 2015-11-28

WO 2018/229012 PCT/EP2018/065400

wounds, multiple conduits 108 may be used, fluidically connected via one or more apertures
106.

[0027] In use, the wound 101 may be prepared and cleaned. In some cases, a non-
or minimally-adherent tissue protection layer (not illustrated) may be apphed over any
exposed internal tissue. The wound 101 1s then covered with wound closure device 104,
optionally so as to form a fluid-tight seal. In some embodiments, the wound 101 and the
wound closure device 104 further covered with the drape so as to form a fluid-tight seal. A
first end of the conduit 108 1s then placed m fluidic communication with the wound, for
example via the aperture 106. The second end of the conduit 108 1s connected to the pump
110. The pump 110 may then be activated so as to supply negative pressure to the wound
101 and evacuate wound exudate from the wound 101. As will be described in additional
detail herein and 1n relation to the embodiments of the foregoing wound closure devices,
negative pressure may also aid in promoting closure of the wound 101, for example by
approximating opposing wound margins.

[0028] Any structure or component disclosed 1n this section or elsewhere n the
specification may comprise a radiopaque material. A radiopaque material advantageously
allows a clinician to more casily find pieces of the disclosed wound closure device that may
have come loose from the structure and become lost in the wound. Some examples of
radiopaque materials include barrum sulfate, bismuth trioxide, bismuth subcarbonate, bismuth

oxychloride, and tungsten.

Collapsible Sheet

[0029] A wound closure device as described mn this section or elsewhere 1n the
specification may mclude a collapsible sheet. Figure 2 illustrates an embodiment of a
collapsible sheet 200. The collapsible sheet 200 may include a top layer 202, a bottom layer
204, and an intermediate volume or space 206 between the top layer 204 and the bottom layer
204. The collapsible sheet 200 may have a plurality of cells 210 which 1s provided by side-by-
side. Cells 210 may be defined by a portion of the top layer 202, a portion of the bottom layer
204, and cell walls 212 extending from the top layer 204 to the bottom layer 204 along the
intermediate space 206 between the top layer 204 and the bottom layer 204. In some



CA 03065420 2015-11-28

WO 2018/229012 PCT/EP2018/065400

embodiments, the collapsible sheet 200 may not have cell walls 212, and cells 210 may be
formed by welding the top layer 204 and the bottom layer 208 in desired patterns, such that
the cells are defined only by top layer 204 and the bottom layer 208. As will be described in
greater detail herein, the size and shape of cells 210 may be designed so as to facilitate greater
closure of the wound. In some embodiments, the collapsible sheet 1s tearable, such that the
sheet may be shaped into the shape of a wound and/or sized into the size of a wound. As
described elsewhere 1n the specification, tears may be completed at the cell walls 212, or at
any other suitable locations.

[0030] All collapsible sheets described mn this section or clsewhere in the
specification may be fashioned to accommodate any size of wound. However, to better
accommodate the needs of the clinical environment, in certain embodiments, collapsible sheets
described herein may be provided in a pack of two sizes, one smaller collapsible sheet and one
larger collapsible sheet about 1.25 times as larger, about 1.5 times as large, about 1.75 times
as large, about 2 times as larger, about 2.5 times as larger, about 3 times as large, about 4
times as large, about 5 times as large, or more than about 5 times as large. In some
embodiments, the pack may comprise more than two sizes, such as three sizes, four sizes, five
sizes, or more than five sizes. The collapsible sheet within the pack may be of a variety of
sizes 1n relation to one another such as the ratios described herein. In some embodiments, a
large collapsible sheet may be provided, such that it can be cut into a desirable size, or torn
along an optional pre-cut.

[0031] Collapsible sheets described in this section or clsewhere mn the
specification, may be applied on the wound. In some embodiments, a tissue protection layer
may be placed or positioned in and/or on the wound, before placement of the collapsible
sheet. In some embodiments, the collapsible sheet may be adhered or sealed to the skin on the
periphery of the wound so as to create a fluid-tight seal, and the negative pressure may be
provided beneath the collapsible sheet. In some embodiments, the drape may be provided
above the collapsible sheet and may be adhered or sealed to the skin on the periphery of the
wound so as to create a fluid-tight seal, and the negative pressure may be provided beneath

the drape and/or the collapsible sheet.
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[0032] In certain embodiments, the collapsible sheet 200 can collapse mn any
manner described m this section or elsewhere m this specification with or without the
application of negative pressure. For example, the collapsible sheet may collapse significantly
more mn one plane than mn another plane, upon application of negative pressure. In some
embodiments, the collapsible sheet may collapse more 1 a vertical plane parallel to the
thickness of the collapsible sheet than i a horizontal plane parallel to the length and width of
the collapsible sheet. In some embodiments, particular cells may collapse in a first direction,
while another cells may collapse in the same or other direction. The collapsible sheet may be
comprised of any materials described in this section or elsewhere m this specification,
including one or more of flexible plastics such as silicone, polyurethane, rigid plastics such as
polyvinyl chloride, semi-rigid plastics, semi-flexible plastics, biocompatible materials,
composite materials, metals, and foam. In certain embodiments, the collapsible sheet may
comprise a radio opaque material, to more readily allow a clinician to find pieces of the
collapsible sheet within the wound.

[0033] Returning to Figure 2, the collapsible sheet 200 may have an outer
perimeter that defines a rectangular shape. In some embodiments, the collapsible sheet 200
may have a circular shape, hexagonal shape, or another suitable shape that substantially
matches the shape of a wound. As described herein, the collapsible sheet 200 may comprise a
plurality of cells 210 provided side-by-side, each cell defined by one or more walls 212, and
cach cell 210 having a top end and a bottom end defined by top layer 202 and the bottom
layer 204. As with the other collapsible sheets described 1n this section and elsewhere 1 the
specification, the collapsible sheet 200 may collapse by collapsing one or more cells 210. In
some embodiments, the cells 210 are all of the same approximate shape and/or size; however,
in other embodiments, at least some of the cells are of different shapes and/or sizes. In some
embodiments, the collapsible sheets as described m this section or clsewhere in the
specification include one or more cells having tessellating shapes, such as a hexagonal shape.
The cells may be arranged 1n a honeycomb-like pattern. In certain embodiments, cells may
have other tessellating shapes, such as triangles, squares, rectangles, polygons, etc. In some

embodiments, the sheet may have cells with two or more different types of shapes provided

-10-
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side-by side (e.g., squares and triangles; hexagons and triangles; hexagons, squares and
triangles, and the like).

[0034] The collapsible sheet 200 may be made from one single material, such as
those described elsewhere in the specification, or the collapsible sheet may be made from
multiple materials. For example, cell walls 212 may be constructed from more rigid material
while the top layer 202 and the bottom layer 204 may be constructed from more flexible
material. The top layer 202 and the bottom layer 204 may have flat surface or uneven surface.
In some embodiments, the top layer 202 and/or the bottom layer 204 may have embossed
surface as cells 210 are bulged out on their top and/or bottom end. In some embodiments, the
top layer 202 and/or the bottom layer 204 may be flat in their natural state, but constructed
from flexible material such that cells 210 can be bulged out on therr top and/or bottom end
when cells are inflated.

[0035] The collapsible sheet 200 and all collapsible sheets and wound closure
devices described in this section or elsewhere in this specification can collapse on a variety of
timescales 1n a dynamic fashion. In certain embodiments, the majority of the collapse may
occur within the first few minutes upon application of negative pressure. However, after the
initial collapse, the collapsible sheet or wound closure device may continue to collapse at a
much slower rate, thereby applying increasing tension over a long period of time and drawing
the edges of the wound closer together. By slowly drawing the wound edges closer together
over time, the collapsible sheet or wound closure device allows the surrounding healing tissue
to remodel synergistically with the closure of the device or collapsible sheet. Slow, dynamic
wound closure may allow the surrounding tissue to heal at an accelerated rate, because the
collapsing sheet or device slowly brings the edges of the wound closer together without
stressing the newly formed or weakened tissue too quickly.

[0036] In certain embodiments, up to 90% of the collapse of the collapsible sheet
or wound closure device may occur within the first few minutes upon application of negative
pressure, while the remaming 10% of the collapse may occur slowly over a period of many
minutes, hours, days, weeks, or months. In other embodiments, up to about 80% of the
collapse, up to about 70%, up to about 60%, up to about 50%., up to about 40%, up to about
30%, up to about 20%, up to about 10%, or about 0% of the collapse will occur within the

-11-
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first few minutes upon application of negative pressure while the remainder of the collapse
occurs at a much slower rate such as over the course of many minutes, hours, days weeks, or
months. In other embodiments, the collapsible sheet can collapse at a variable rate. In some
embodiments, the entirety of the collapse occurs at a slowed rate, while in other embodiments
the entirety of the collapse occurs almost immediately within the first few minutes. In further
embodiments, the collapse can occur at any rate and the rate can vary over time. In certain
embodiments, the rate of collapse can be altered m a variable fashion by adding and/or
removing portions of the structure or by controlling the application of negative pressure and
irrigant fluid.

[0037] In some embodiments, the collapsible sheet 200 may be inflatable. The
collapsible sheet may be constructed from flexible film material, for example polyurethane,
such that cells 210 may be filled with fluid, such as air, and inflated. In some embodiments,
the collapsible sheet 200 1s constructed from a top layer 202, a bottom layer 204, and optional
cell walls 220 each constructed from flexible film material, for example polyurethane, and
adhered to one another for example by adhesive, heat welding, radio frequency welding, laser
welding, or ultrasonic welding. In some embodiments, each of the cells 210 of the collapsible
sheet 200 1s completely enclosed by the top layer 202, the bottom layer 204, and cell walls
220, such that space within each of the cell 210 1s fludically 1solated and inflated to maintain
its shape unless the cell 1s punctured, like bubbles in bubble wraps. In embodiments of
inflatable collapsible sheets, the top layer, the bottom layer and cell walls may be constructed
from flexible film material which can withstand the fluid pressure within the inflated cell, such
that cells do not burst without puncturing or cutting.

[0038] In some embodiments, the collapsible sheet 200 may include a valve or
port, such that cells can be reversibly inflated. In addition to, or alternatively to the foregoing,
collapsible sheets may have a mechanism that permits inflated cells to be sealed without
manually closing the valve or port. For example, in some embodiments, a collapsible sheet
includes one or more one-way or non-return valves at one or more junctions between the fluid
channel (which can be an air channel) and a cell.

[0039] In some embodiments, the collapsible sheet 200 can be at least partially

constructed from relatively ngid polymer materials, such that the collapsible sheet 200 and
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cells 210 can withstand greater strength and maintain 1ts structure even without being inflated.
While collapsible sheets constructed from more flexible and thinner material can be used for
curved regions such as arms or legs, collapsible sheets constructed from more rigid collapsible
sheets can be used m wider regions such as sacral regions. The collapsible sheet 200 can be
constructed from both relatively flexible film materials and relatively rigid polymer materials.
For example, in some embodiments, the top layer 202 and the bottom layer 204 are
constructed from flexible film layers such that cells 210 can be inflated, while cell walls are
constructed from more rigid materials to help the collapsible sheet 200 to maintain 1ts
structure.

[0040] Any of the collapsible sheets described in this section or elsewhere in the
specification may be constructed using any suitable methods. For example, the collapsible
sheets may be constructed via molding or may be printed directly using 3D printing
technology. In certain embodiments, the collapsible sheets of Figure 2 may be constructed
from a single polymer via 3D printing. In some embodiments, the collapsible sheets may be
constructed from one polymer, two polymers, three polymers, or more than three polymers.
The collapsible sheets may be constructed from any material disclosed in this section or
elsewhere 1n the specification. The collapsible sheet can be made by cutting the structure out
of a solid block of material. Methods used for cutting can include, for example, water jet
cutting, laser cutting, or die cutting. The collapsible sheets may be cut to size along the walls
of the cells 200 and/or along any portions of the collapsible sheet.

[0041] In some embodiments, the collapsible sheet 200 of Figure 2 includes
perforations or detachable sections that allow portions of the device to separate from the
remainder of the device. For example, perforations may be incorporated into cell walls 212
between cells 210 contamed within the collapsible sheet 200, allowing for the removal of
individual cells to alter the shape of the collapsible sheet 200. Applicable to all collapsible
sheets or wound closure devices described in this section or elsewhere in the specification, the
collapsible sheet or wound closure device may be tearable such that the collapsible sheet may
be shaped into the shape of a wound. In some embodiments, the collapsible sheet may be torn
along the cell wall, while 1n further embodiments, the elongate strips or mtervening members

may be torn at any suitable position.
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[0042] In some embodiments, the collapsible sheet 200 can be constructed from a
transparent material such that the user of the collapsible sheet or the wound closure device
can adjust the collapsible sheet relative to the wound, and monitor the wound or tissue

beneath the collapsible sheet 200.

Collapsing of Collapsible Sheet

[0043] Figure 3 1llustrates a cross-sectional view of an embodiment of a collapsible
sheet 300 similar to the collapsible sheet 200 of Figure 2 and placed on a tissue 350. The
collapsible sheet 300 includes cells 310 provided side-by-side. The cells 310 can be inflatable
and are defined by cell walls 320, a top layer 302 and a bottom layer 304 like cells 210 1n
Figure 2. In some embodiments, each of cells 310 has hollow space enclosed by cell walls
320, a portion of the top layer, and a portion of the bottom layer. Each hollow space of cells
310 may be filled with fluid, such as air, and/or the cells 310 may be inflatable.

[0044)] As described 1n elsewhere m the specification, the collapsible sheet 300
may collapse by collapsing one or more cells 310. When each of cells 310 1s filled with, for
example, air and/or each of cells are inflated, none of the cells 310 may collapse. In fact, cells
310 may expand 1n a negative pressure environment as the air pressure outside the cell would
be lower than the pressure inside the cell. However, when one or more inflated cells 310 1s
deflated, for example by puncturing a hole 330 and exposing the interior volume of the cell to
the exterior environment, the cell 310 may collapse with negative pressure as indicated by the
arrows 1n Figure 3. Upon application of negative pressure around the collapsible sheet, such
ctfect will be greater.

[0045] In some embodiments, the cell 310 may be collapsed by puncturing one or
more holes 330 on the top layer 302 and/or the bottom layer 304 of the collapsible sheet 300.
In some embodiments, cells may have one or more holes which can be reversibly open or
closed. For example, as shown 1n Figure 4, a cell 410 may include detachable closure, which
can be a tab 420, which covers the opening 430 on the top layer and/or the bottom layer when
attached and uncovers the opening 430 when detached. In some embodiments, such tab may
be only partially detached, such that the end of the tab remains attached to the collapsible

sheet and act as a hinge. In some embodiments, the tab may be constructed to be attached
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and detached repetitively, and cells may be constructed to withstand multiple cycles of
inflation and deflation. In some embodiments, cells may include other mechanisms to
reversibly collapse, such as valves or any other suitable means.

[0046] In some embodiments, one or more cells of collapsible sheets can be
deflated by exposing cells to the negative pressure, or directly applying negative pressure to
one or more cells, n addition to methods described mn this section or elsewhere 1n the
specification, such as puncturing or opening tabs. By directly applying negative pressure, one
may deflate a cell of a collapsible sheet regardless of whether the cell 1s inflatable. For
example, a non-inflatable collapsible sheet which 1s constructed from more rigid polymer
material may collapse while such collapsible sheet may not substantially collapse from
puncturing. Further, applying negative pressure directly to the cell may also facilitate collapse
of the cell of the inflatable collapsible sheets and increase degree of collapse from its deflated
state, such that facilitating greater closure of the wound.

[0047] Returning to Figure 3, in some embodiments, punctured/opened cell(s) may
collapse by lifting the bottom layer 304 and/or dropping the top layer 302. Cell(s) may be
constructed such that cell may collapse only toward certain direction. For example, in some
embodiments, a cell may have more rigid top layer and more flexible bottom layer around it,
such that the cell may collapse more by lifting the bottom layer. In some embodiments,
plurality of cells are constructed to collapse in the same direction. In some embodiments,
plurality of cells are constructed to collapse 1n different directions. In some embodiments, the
collapsible sheet may collapse in the horizontal plane of it when multiple adjacent cells are
deflated and collapse m the horizontal plane. Collapsible sheets with different collapsing
pattern may be provided in one kit, such that a practitioner may choose depending on the
shape or size of wound (e.g., linecar wound, curved wound, circular wound, etc.).

[0048] When different cells collapse 1n different directions, the direction of
collapse may be visually indicated on the cell or tab for the convenience of a practitioner. For
example, a tab similar with the detachable tab 420 of Figure 4 may have a directional marker
on 1t to mdicate the direction that the cell will collapse or the direction of the resulting force
applied by the negative pressure when that tab 1s removed. The directional marker may be

arrows, colors or any other suitable means. In some embodiments, the directional marker can
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be numbers. For example, detaching all tabs with a number 3 on them will cause a linear
collapse of the collapsible sheet along the horizontal plane of the collapsible sheet, while
detaching all tabs with a number 1 will cause only collapse i vertical direction.

[0049] As disclosed elsewhere 1n the specification, the negative pressure may be
provided beneath the collapsible sheet 300. In some embodiments, such as shown 1n Figure 3,
when one or more cells 310 collapse, 1t may provide a hollow space beneath it such that the
tissue directly beneath the collapsed cell 1s exposed to the negative pressure provided beneath
the collapsible sheet 300. In some embodiments, a practitioner may align the collapsible sheet,
such that cells that the practitioner intends to deflate are aligned above the wound at the tissue
350. In some embodiments, the practitioner may selectively deflate one or more cells above
the wound tissue. For example, the practitioner may deflate one, two, three, four, or more
cells depending on the size and the shape of the wound relative to the size of cells. In some
embodiments, the practitioner may deflate wound tissue after negative pressure 1s provided
beneath and/or around the collapsible sheet. In some embodiment, the practitioner may apply
negative pressure before negative pressure 1s provided to the wound. In some embodiments
where the collapsible sheet 1s the outermost layer of the wound closure device, the practitioner
may further deflate cells to accommodate to change to the wound during the course of the

negative pressure without removing the wound closure device from the patient.

Collapsing of Collapsible Sheet

[0050] Figure 5 illustrates an embodiment of a collapsible sheet 500 similar to the
collapsible sheets in Figures 2-4. Here, the collapsible sheet S00 includes cells 510 provided
side-by-side and surrounded by inflatable cell wall sections 520. In some embodiments, at
lecast some of cells 510 are inflatable. In some embodiments, none of the cells 510 are
inflatable. A single cell may be surrounded by plurality of inflatable cell wall sections, such as
in Figure 5, where the cell 510 1s surrounded by six separated inflatable cell wall sections 520.

[0051] In some embodiments, similarly with inflatable cells described m this
section or elsewhere in the specification, any one of inflatable cell wall sections 520 may
collapse. For example, inflatable cell wall sections 520 may collapse by being punctured, or

bemg opened by removing detachable tabs such as tabs described in relation with Figure 4.
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When the collapsible sheet 500 1s exposed to negative pressure environment, inflatable cell
wall sections 520 may be further collapsed. When one or more nflatable cell wall sections
520 collapses, the cell 510 may be laterally pulled toward the direction of the collapsed cell
wall sections 520.

[0052] Additionally, collapsed inflatable cell wall sections may be less rigid than
other inflatable cell wall sections which are not deflated. When cell(s) collapse, cell(s) may
collapse more from being surrounded by more flexible cell walls than by more rigid cell walls.
Accordingly, in some embodiments, cells S10 of the collapsible sheet 500 may collapse more
from deflated cell wall sections than from inflated cell wall sections. In some embodiments,
the practitioner or user of the collapsible sheet 500 may control the direction of collapse of
cach cells 510 and the collapsible sheet 500 overall, by selectively puncturing or opening the
detachable tabs of inflatable cell wall sections 520. For example, the practitioner may deflate
one, two, three, or more of the iflatable cell wall sections around a cell before or after the
practitioner let the cell collapse. In some embodiments, such direction of collapse may be
indicated 1n each inflatable cell wall sections, for example, by printing directional arrows on
cell or tabs, color coding or numbering each mflatable cell wall, or any other mechanisms
described elsewhere 1 the specification or suitable to help the practitioner to selectively
deflating inflatable cell walls.

[0053] In some embodiments, the practitioner may deflate the inflatable cell wall
sections 520 before deflating cells 510. In some embodiments, the practitioner may deflate
the inflatable cell wall sections after deflating cells 510 as described in this section or

elsewhere 1n the specification, for example, to further adjust direction and amount of collapse.

Collapsible Sheet with a Port

[0054] Figure 6A 1llustrates an embodiment of a wound closure device 600
including a collapsible sheet 630 similar to the collapsible sheets described m relation with
Figures 2-5 or elsewhere 1 the specification. Here, the collapsible sheet 630 includes cells

610, and one or more cells have a port 650 which 1s connected to a source of negative
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pressure (not shown) via a conduit 660. In some embodiments, the port 650 1s configured to
delhiver negative pressure beneath the collapsible sheet 630. The port 650 may be located at or
near the center of the cell 610, or the center of the collapsible sheet 630, such that the port
does not casily get sealed off before the collapsible sheet 630 completely collapses.

[0055] Figure 6B 1illustrates the collapsible sheet 630 having cells 610 positioned 1n
and/or over a wound 690. In some embodiments, the collapsible sheet 630 may have gaps
680 between cells 610 and the wound 690, such that negative pressure provided by the port
650 beneath the collapsible sheet 630 can more efficiently propagate across the areca where the
negative pressure 18 applied, such as across at least part of the wound 690.

[0056] Certain wounds, such as fasciotomy wounds, often exude a lot of wound
fluid. In such case, applying negative pressure benecath the collapsible sheet over certain
wound area may exert too much stress on the wound from the collapse of the collapsible
structure. A port similar with the port 650 of Figure 6A may include a mechanism to
effectively manage negative pressure depending on the status of the wound.

[0057] Figures 7A and 7B illustrate a schematic view of such an embodiment of a
port for negative pressure wound therapy. Figure 7A illustrates an embodiment of a port
system 700a where a wound tissue 702a exudes much fluid, while Figure 7B 1llustrates an
embodiment of a port system 700b where a wound tissue 702b exudes zero to less fluid.

[0058] Port systems 700a and 700b mclude a valve 750 and a conduit 760
configured to supply negative pressure. The port system 700a of Figure 7A includes a
superabsorber pathway 770a. The superabsober 770a may be constructed from a
superabsorbing material which swells when 1t has absorbed fluid and contracts when 1t 1s dry:.
Therefore, the superabsorber 770a may swell 1if rate of absorption of the wound fluid 1s
greater than evaporation of the wound fluid. When the superabsorber 770a has swollen, 1t may
at least partially block the pathway and cause at least some negative pressure from the conduit
750 to not propagate to the wound. However, as the amount of wound fluid 1s reduced and
the rate of evaporation of the wound fluid becomes greater than absorption, the
superabsorbing material may contract to its original size as shown by the superabsorber 770b
in Figure 7B. As shown in Figure 7B, as the superabsorber 770b contracts, it opens the valve

and may allow negative pressure to propagate to the wound, allowing additional lateral
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compression from the collapsible sheet. Therefore the valve 750 may increase the
compression from the collapsible sheet as the wound 1s healing. In some embodiments, the

valve 750 may be located at the port, at the conduit, or at the collapsible sheet.

Other Variations

[0059] Although this disclosure describes certain embodiments, 1t will be
understood by those skilled in the art that many aspects of the methods and devices shown
and described m the present disclosure may be differently combined and/or modified to form
still further embodiments or acceptable examples. All such modifications and variations are
intended to be included herein within the scope of this disclosure. Indeed, a wide variety of
designs and approaches are possible and are within the scope of this disclosure. No feature,
structure, or step disclosed herem 1s essential or indispensable. Moreover, while 1illustrative
embodiments have been described herein, the scope of any and all embodiments having
equivalent elements, modifications, omissions, combinations (¢.g., of aspects across various
embodiments), substitutions, adaptations and/or alterations as would be appreciated by those
in the art based on the present disclosure. While certain embodiments have been described,
these embodiments have been presented by way of example only, and are not intended to limit
the scope of protection.

[0060] Features, materials, characteristics, or groups described 1in conjunction with
a particular aspect, embodiment, or example are to be understood to be applicable to any
other aspect, embodiment or example described m this section or elsewhere m this
specification unless incompatible therewith. All of the features disclosed 1n this specification
(including any accompanying claims, abstract and drawings), and/or all of the steps of any
method or process so disclosed, may be combined 1n any combination, except combinations
where at least some of such features and/or steps are mutually exclusive. The protection 1s not
restricted to the details of any foregoing embodiments. The protection extends to any novel
one, or any novel combination, of the features disclosed in this specification (including any
accompanying claims, abstract and drawings), or to any novel one, or any novel combination,

of the steps of any method or process so disclosed.
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[0061] Furthermore, certain features that are described in this disclosure in the
context of separate implementations can also be implemented n combination 1n a single
implementation. Conversely, various features that are described i the context of a single
implementation can also be implemented in multiple implementations separately or in any
suitable subcombination. Moreover, although features may be described above as acting in
certain combinations, one or more features from a claimed combination can, in some cases, be
excised from the combination, and the combination may be claimed as a subcombination or
variation of a subcombination.

[0062] Moreover, while operations may be depicted in the drawings or described
in the specification i a particular order, such operations need not be performed in the
particular order shown or 1n sequential order, or that all operations be performed, to achieve
desirable results. Other operations that are not depicted or described can be incorporated 1n
the example methods and processes. For example, one or more additional operations can be
performed before, after, simultaneously, or between any of the described operations. Further,
the operations may be rearranged or reordered m other implementations. Those skilled 1n the
art will appreciate that in some embodiments, the actual steps taken in the processes illustrated
and/or disclosed may differ from those shown 1 the figures. Depending on the embodiment,
certain of the steps described above may be removed, others may be added. Furthermore, the
features and attributes of the specific embodimments disclosed above may be combined 1n
different ways to form additional embodiments, all of which fall within the scope of the
present disclosure. Also, the separation of various system components in the implementations
described above should not be understood as requiring such separation in all implementations,
and 1t should be understood that the described components and systems can generally be
integrated together 1n a single product or packaged into multiple products.

[0063] For purposes of this disclosure, certain aspects, advantages, and novel
features are described herein. Not necessarily all such advantages may be achieved in
accordance with any particular embodiment. Thus, for example, those skilled in the art waill
recognize that the disclosure may be embodied or carried out in a manner that achieves one
advantage or a group of advantages as taught herein without necessarily achieving other

advantages as may be taught or suggested herein.
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[0064] Conditional language, such as “can,” “could,” “mught,” or “may,” unless
specifically stated otherwise, or otherwise understood within the context as used, 1s generally
intended to convey that certain embodiments include, while other embodiments do not
include, certamn features, elements, and/or steps. Thus, such conditional language 1s not
generally mtended to imply that features, elements, and/or steps are in any way required for
on¢ or more embodiments or that one or more embodiments necessarily include logic for
deciding, with or without user input or prompting, whether these features, elements, and/or
steps are included or are to be performed 1n any particular embodiment.

[0065] Conjunctive language such as the phrase “at least one of X, Y, and Z,”
unless specifically stated otherwise, 1s otherwise understood with the context as used In
general to convey that an item, term, etc. may be either X, Y, or Z. Thus, such conjunctive
language 1s not generally intended to imply that certain embodiments require the presence of
at least one of X, at least one of Y, and at least one of Z.

[0066] Language of degree used herein, such as the terms “approximately,”

29 44

“about,” “gencrally,” and “substantially” as used herein represent a value, amount, or
characteristic close to the stated value, amount, or characteristic that still performs a desired
function or achieves a desired result. For example, the terms “approximately”, “about”,
“oenerally,” and “substantially” may refer to an amount that 1s within less than 10% of, within
less than 5% of, within less than 1% of, within less than 0.1% of, and within less than 0.01%
of the stated amount. As another example, n certain embodiments, the terms “generally
paralle]” and “‘substantially parallel” refer to a value, amount, or characteristic that departs
from exactly parallel by less than or equal to 15 degrees, 10 degrees, 5 degrees, 3 degrees, 1
degree, 0.1 degree, or otherwise.

[0067] The scope of the present disclosure 1s not mtended to be limited by the
specific disclosures of preferred embodiments 1n this section or elsewhere m this specification,
and may be defined by claims as presented in this section or elsewhere in this specification or
as presented in the future. The language of the claims 1s to be interpreted broadly based on
the language employed 1n the claims and not limited to the examples described in the present

specification or during the prosecution of the application, which examples are to be construed

as non-exclusive.
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WHAT IS CLAIMED IS:
. A wound closure device comprising a collapsible sheet configured to be placed
over a wound, the collapsible sheet comprising:
a top layer and a bottom layer; and
a plurality of cells at least partially defined by the top layer and the bottom
layer, the plurality of cells arranged side-by-side;
wherein each cell has a tessellating shape, and
wherein at least one of the plurality of cells 1s configured to collapse in a

vertical plane of the collapsible structure and thereby cause the collapsible sheet to

collapse.
2. The device of Clamm 1, wherein at least some of the cells are inflatable.
3. The device of Claim 1 or Claim 2, wherein at least one of the top layer or the

bottom layer comprises flexible thin film material.

1 The device of any one of preceding claims, wherein at least some of the cells
are configured to collapse when negative pressure 1s applied to the collapsible sheet.

3. The device of any one of preceding claims, wherein at least one cell has a
hexagonal shape.

6. The device of any one of preceding claims, wherein the plurality of cells have
uniform size and shape.

7. The device of any one of Claims 1-5, wherein at least some of the plurality of
cells have non-uniform size and/or shape.

3. The device of any one of preceding claims, wherein the collapsible sheet
further comprises a cell wall.

9. The device of Clam &, wherein the cell wall 1s inflatable.

10.  The device of any one of preceding claims, wherein the collapsible sheet
further comprises an indicator on one or more cells configured to indicate a direction where
the collapsible sheet will collapse upon collapse of any particular cell.

11.  The device of any one of the preceding claims, wherein the collapsible sheet 1s

configured to cover the wound and form a seal around the wound.
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12.  The device of any one of preceding claims, further comprising a suction port
configured to supply negative pressure to the wound.
13.  The device of Claim 12, wherem the port 1s integrated 1n the collapsible sheet.
14.  The device of Claim 12 or 13, wherein the port comprises a valve including
superabsorbent material configured to swell and at least partially close the valve when a rate
of absorption of wound fluid is greater than a rate of evaporation of wound fluid.
15.  The device of any of preceding claims, wherein the bottom surface of the
collapsible sheet comprises one or more gaps between cells.
16.  The device of any one of preceding claims, further comprising a tissue
protection layer configured to be positioned over the wound below the collapsible sheet.
17.  The device any one of preceding claims, further comprising one or more drapes
configured to cover the collapsible sheet and form a seal around the wound.
18. A method of treating a wound, comprising:
placing the collapsible sheet of any one of the preceding claims over the
wound.
19.  The method of Claim 18, further comprising:
applying or causing application of negative pressure through the collapsible
sheet to the wound,
wheremn the application of negative pressure causes the collapsible sheet to
collapse.
20.  The method of Claim 18 or Claim 19, further comprising placing a tissue
protection layer over the wound before placing the collapsible sheet.
21.  An apparatus substantially as shown and/or described.
22. A method substantially as shown and/or described.
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