(12) STANDARD PATENT (11) Application No. AU 2018354152 B2
(19) AUSTRALIAN PATENT OFFICE

(54) Title
Low profile distribution components for wound therapy

(61) International Patent Classification(s)
A61M 1/00 (2006.01)

(21) Application No: 2018354152 (22) Date of Filing:  2018.10.23
(87) WIPO No: WO19/084006

(30)  Priority Data

(31) Number (32) Date (33) Country
62/678,585 2018.05.31 us
62/575,974 2017.10.23 us

(43) Publication Date: 2019.05.02

(44) Accepted Journal Date: 2024.02.29

(71)  Applicant(s)
3M Innovative Properties Company

(72)  Inventor(s)
LOCKE, Christopher Brian;EDWARDS, Thomas

(74) Agent/ Attorney
Spruson & Ferguson, GPO Box 3898, Sydney, NSW, 2001, AU

(56) Related Art
US 2015/0141941 A1
WO 2016/193873 A1
US 2016/0120706 A1
US 2010/0160877 A1
JP 2009273669 A




w0 2019/084006 A 1 | ]I 0000 000000 T O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert '
O orgmtation > ‘O 0000 0 RO A
International Bureau / (10) International Publication Number
(43) International Publication Date = WO 2019/084006 A1
02 May 2019 (02.05.2019) WIPO I PCT

(51) International Patent Classification: (72) Inventors: LOCKE, Christopher, Brian, 6 Bosworth
A61IM 1/00 (2006.01) Mews, Bournemouth BH9 3SD (GB). EDWARDS,
Thomas, 105 Malmesbury Road, Southampton SO15 5FP

(21) International Application Number: (GB)
PCT/US2018/057109 '
(74) Agent: WELCH, Gerald T. et al.; Harness, Dickey &

Pierce, P.L.C., 5445 Corporate Drive, Suite 200, Troy, MI

48098 (US).

(22) International Filing Date:

23 October 2018 (23.10.2018)
(25) Filing Language: English (81) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of national protection available). AE, AG, AL, AM,
AOQO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

(30) Priority Data: CA. CH. CL. CN. CO, CR, CU, CZ. DE, DJ, DK, DM, DO,

62/575,974 23 October 2017 (23.10.2017) UsS DZ. EC, EE. EG. ES, FI, GB, GD, GE, GH. GM, GT, HN,
62/678,585 31 May 2018 (31.05.2018) UsS HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KI, KN, KP,
(71) Applicant: KCI LICENSING, INC. [US/US]; Legal De- KR, KW,KZ, LA LC,LK,LR,LS, LU, LY, MA, MD, ME,
partment-Intellectual Property, P.O. Box 659508, San An- MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
tonio, TX 78265-9508 (US). OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

(54) Title: LOW PROFILE DISTRIBUTION COMPONENTS FOR WOUND THERAPY

114
139
100 5
\
128
106 102 208 ¢ 200 210
202 rr SR
A =g~ e

FIG. 2

(57) Abstract: Systems, apparatuses, and methods for providing negative pressure to a tissue site are disclosed. [llustrative embodiments
may include an apparatus or system for delivering negative-pressure to a tissue site, which can be used in conjunction with low-profile
distribution components for wound therapy. Such apparatus may include a low-profile dressing interface or connector comprising at
least two side-by-side fluid pathways fluidly coupled to a recessed space of the connector, one for providing negative pressure to a
tissue interface or manifold and the other for sensing the negative pressure within the recessed space adjacent the tissue interface. In
some embodiments, for example, the apparatus may comprise a first layer of polymeric film having an outer surface, an inner surface,
and a plurality of features extending from the inner surface, and a second layer of polymeric film coupled to the first layer. The second
layer may have an outer, tissue-facing surface and an inner surface coupled to the first layer and covering the plurality of features to
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form an enclosed space with the inner surface of the first layer and a plurality of flow channels within the enclosed space. The second
layer also includes an aperture defining the recessed space adapted to fluidly coupling the enclosed space to the tissue interface.
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LOW PROFILE DISTRIBUTION COMPONENTS FOR WOUND THERAPY

RELATED APPLICATIONS

[0001] This application claims the benefit, under 35 U.S.C. § 119(e), of the filing of U.S.
Provisional Patent Application serial number 62/678,585, entitled “LOW PROFILE
DISTRIBUTION COMPONENTS FOR WOUND THERAPY,” filed May 31, 2018; and U.S.
Provisional Patent Application serial number 62/575,974, entitled “LOW PROFILE
DISTRIBUTION COMPONENTS FOR WOUND THERAPY,” filed October 23, 2017 each of

which is incorporated herein by reference for all purposes.

TECHNICAL FIELD

[0002] The invention set forth in the appended claims relates generally to tissue
treatment systems and more particularly, but without limitation, to apparatuses and methods

for providing negative-pressure therapy.

BACKGROUND

[0003] Any discussion of the prior art throughout the specification should in no way
be considered as an admission that such prior art is widely known or forms part of common
general knowledge in the field.

[0004] Clinical studies and practice have shown that reducing pressure in proximity
to a tissue site can augment and accelerate growth of new tissue at the tissue site. The
applications of this phenomenon are numerous, but it has proven particularly advantageous
for treating wounds. Regardless of the etiology of a wound, whether trauma, surgery, or
another cause, proper care of the wound is important to the outcome. Treatment of wounds
or other tissue with reduced pressure may be commonly referred to as "negative-pressure

therapy," but is also known by other names, including "negative-pressure wound therapy,"

"reduced-pressure therapy," "vacuum therapy,” "vacuum-assisted closure,”" and "topical
negative-pressure,” for example. Negative-pressure therapy may provide a number of
benefits, including migration of epithelial and subcutaneous tissues, improved blood flow,
and micro-deformation of tissue at a wound site. Together, these benefits can increase

development of granulation tissue and reduce healing times.
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[0005] There is also widespread acceptance that cleansing a tissue site can be highly
beneficial for new tissue growth. For example, a wound can be washed out with a stream of
liquid solution, or a cavity can be washed out using a liquid solution for therapeutic purposes.
These practices are commonly referred to as "irrigation" and "lavage," respectively.
"Instillation" is another practice that generally refers to a process of slowly introducing fluid
to a tissue site and leaving the fluid for a prescribed period of time before removing the fluid.
For example, instillation of topical treatment solutions over a wound bed can be combined
with negative-pressure therapy to further promote wound healing by loosening soluble
contaminants in a wound bed and removing infectious material. As a result, soluble bacterial
burden can be decreased, contaminants removed, and the wound cleansed.

[0006] While the clinical benefits of negative-pressure therapy and instillation
therapy are widely known, improvements to therapy systems, components, and processes

may benefit healthcare providers and patients.

BRIEF SUMMARY

[0007] New and useful systems, apparatuses, and methods for treating a tissue site in
a negative-pressure therapy environment are set forth in the appended claims.

[0008] According to one aspect of the present disclosure, there is provided an
apparatus for managing fluid in a system for treating a tissue site, the apparatus comprising: a
first layer including a polymeric film having an outer surface, an inner surface, and a plurality
of features extending from the inner surface; a second layer including a polymeric film
having an outer, tissue-facing surface and an inner surface, the second layer coupled to the
first layer and covering the plurality of features to form an enclosed space between the inner
surface of the first layer and the inner surface of the second layer and a plurality of flow
channels within the enclosed space, the second layer having an aperture open to the enclosed
space and adapted to fluidly couple the enclosed space to the tissue site; a first wall coupled
between the inner surface of the first layer and the inner surface of the second layer, the first
wall extending a length of the enclosed space from the aperture to an opposite end, the first
wall forming a first fluid pathway and a second fluid pathway within the enclosed space in
fluid communication through the aperture; and a port fluidly coupled to the first fluid
pathway and the second fluid pathway.

[0009] Illustrative embodiments are also provided to enable a person skilled in the art

to make and use the claimed subject matter. Some embodiments are illustrative of an
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apparatus or system for delivering negative-pressure to a tissue site, which can be used in
conjunction with low-profile distribution components for negative-pressure therapy.

[0010] An example apparatus may be a low-profile, breathable, open conduit system
that incorporates pressure feedback. In some embodiments, the apparatus may include a
welded or laminated conduit structure with at least two fluid pathways, which are preferably
pneumatically isolated from each other and the ambient environment.

[0011] In some examples, the conduit system may be a dressing interface configured
to couple a dressing to a negative-pressure source. The two fluid pathways may be fluidly
coupled to a recessed space of the dressing interface. One of the fluid pathways can provide
negative pressure to a tissue interface or manifold, and the other fluid pathway can provide a
feedback path for sensing the negative pressure within the recessed space adjacent the tissue
interface.

[0012] In some embodiments, fluid pathways may be vertically stacked in a dressing
interface. For example, the dressing interface may have first and second outer layers that are
a flexible polymer film. Polyurethane or polyethylene may be suitable films in some
examples. An intermediate third layer may be disposed between the outer layers to create
two longitudinal chambers that run the length of the conduit structure. The first chamber may
be configured as a feedback path, and the second chamber may be configured as a negative-
pressure delivery path, for example. The film layers may be welded (RF or ultrasonic, for
example) or bonded together to create a seal at least along their length. The distal end of the
dressing interface may also be welded or bonded to seal the distal ends of the fluid pathways.
A flange may be formed at a distal end of the dressing interface in some examples. A hole
may be made near a distal end of at least two layers of the dressing interface. The holes may
be configured to face a tissue site, and can provide a means for pressure and fluid to be
communicated to and from a tissue site.

[0013] The longitudinal chambers may be filled with materials configured to provide
flexibility and compressibility, and which can manifold fluid and pressure while being
resistant to collapse and blockage under external compression.

[0014] For example, a chamber configured as a feedback path may be filled with a
material that is open to pressure and fluid flow in the form of air, and is preferably
hydrophobic to discourage ingress of exudate. The material also preferably resists blocking
when compressed. Materials suitable for a feedback path may be reticulated foams (3-5
millimeters), felted and compressed reticulated foam (2-4 millimeters), combinations of foam

and fabric, and coated or treated (e.g., plasma-treated) foam of manifolding structures.
3
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Additionally or alternatively, a feedback path may have a low-profile three-dimensional
polyester textile, such as Baltex M3730 (3 millimeter) or a vacuum-formed structure of raised
areas or closed cells to assist with pressure manifolding. In some embodiments, the top film
layer may be a vacuum-formed film with raised structures to assist with manifolding.

[0015] A chamber configured as a negative-pressure delivery path may be filled with
materials that are open to pressure and fluid flow in the form of air and exudate of varying
viscosity, and is also preferably hydrophobic to discourage collection and clotting of exudate.
Anti-clotting agents may also be bound to the material to further reduce clotting and
blocking. The material in a negative-pressure delivery path may advantageously be less
hydrophobic than the material in a feedback path to preference exudate and other liquid into
the negative-pressure delivery path rather than the feedback path. The material in the
negative-pressure delivery path is also preferably resistant to blocking under compression.
This material may also be less flexible than material in a feedback path and, thus, even more
resistant to compression.  Materials suitable for this may be reticulated foam (3-8
millimeters) with a higher stiffness modulus than material in a feedback path. Other suitable
materials may include combinations of foam and fabrics, coated or treated foam of
manifolding structures, a low-profile three-dimensional textile, and one or more films with
vacuum-formed raised structures or closed cells.

[0016] Additionally or alternatively, some examples of the intermediate layer may
also comprise vacuum-formed blisters, bubbles, or closed cells that face the outer layer and
align with similar features on that layer.

[0017] The materials of the dressing interface may be white or otherwise colored so
that blood or infectious material may readily observed. The materials may be coated or
formulated to provide anti-microbial properties to reduce the risk of bacterial colonization
with extended wear times.

[0018] A proximal end of the dressing interface may be formed into a pneumatic
connector, which may be connected in-line to a suitable adapter or may be connected directly
to another distribution component.

[0019] More generally, some embodiments of an apparatus for providing negative-
pressure treatment may comprise a first layer of polymer film having a first aperture, a
second layer of polymer film having a second aperture, and a third layer of polymer film.
The first layer, the second layer, and the third layer may be sealed to form a first fluid path
and a second fluid path in a stacked relationship, and the second layer may be disposed

between the first fluid path and the second fluid path. The first fluid path and the second
4
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fluid path may be fluidly coupled through the second aperture, and the first aperture and the
second aperture are disposed at a distal end of the first fluid path. A first manifold may be
configured to support the first fluid path, and a second manifold may be configured to support
the second fluid path. A port may be fluidly coupled to a proximal end of the first fluid path
and the second fluid path. The port may be configured to fluidly couple the first fluid path to
a source of negative pressure and the second fluid path to a pressure sensor. In some
embodiments, at least one of the first manifold and the second manifold may comprise a
polymer film having bubbles or blisters.

[0020] Unless the context clearly requires otherwise, throughout the description and
the claims, the words “comprise”, “comprising”, and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense of
“including, but not limited to”.

[0021] Objectives, advantages, and a preferred mode of making and using the claimed

subject matter may be understood best by reference to the accompanying drawings in

conjunction with the following detailed description of illustrative embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Figure 1 is a functional block diagram of an example embodiment of a therapy
system that can provide negative pressure and instillation in accordance with this
specification;

[0023] Figure 2 is a schematic diagram of an example embodiment of the therapy
system of Figure 1 applied to a tissue site;

[0024] Figure 3 is a segmented perspective view of an example dressing interface
having a low profile structure that may be associated with some embodiments of the therapy
system of Figure 1;

[0025] Figure 3A is a section view of the dressing interface of Figure 3;

[0026] Figure 3B is a section view of another example of a dressing interface;

[0027] Figure 3C is a section view of another example of a dressing interface;

[0028] Figure 4 is a top view of a layer illustrating features that may be associated
with some embodiments of the dressing interface of Figure 3;

[0029] Figure 4A is a section view of the layer of Figure 4;

[0030] Figure 4B is a section view of another example of the layer of Figure 4;
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[0031] Figure 5 is a top view of another example of a layer that may be associated
with some embodiments of a dressing interface;

[0032] Figures 5A and 5B are cross-sectional views of the layer of Figure 5;

[0033] Figures 6, 6A, and 6B illustrate other examples of features that may be
associated with the dressing interface of Figure 3;

[0034] Figure 7 is a schematic diagram of an example of the dressing interface of
Figure 3 applied to a tissue site;

[0035] Figure 8A is a segmented perspective view of an example applicator having a
low profile structure that may be associated with some embodiments of the therapy system of
Figure 1;

[0036] Figure 8B is a segmented perspective view of an example adapter portion
having a low profile structure that may be associated with some example embodiments of the
therapy system of Figure 1;

[0037] Figure 9 is a perspective view of another example dressing interface having a
low profile structure that may be associated with some example embodiments of the therapy
system of Figure 1;

[0038] Figure 10 is an assembly view of another example dressing interface,
illustrating additional details of a low profile structure that may be associated with some
example embodiments of the therapy system of Figure 1;

[0039] Figure 11A is a segmented perspective view of an example applicator,
illustrating additional details that may be associated with some embodiments of the dressing
interface of Figure 10;

[0040] Figure 11B is a segmented perspective view of an example adapter portion,
illustrating additional details that may be associated with some embodiments of the dressing
interface of Figure 10;

[0041] Figure 12 is a partial top view of a portion of the assembled dressing interface
of Figure 10;

[0042] Figures 12A and 12B are cross-sectional views taken along lines 12A--12A
and 12B--12B in Figure 12;

[0043] Figure 13 is a partial top view of a portion of another example of a bridge that
may be associated with some embodiments of the dressing interface of Figure 10;

[0044] Figures 13A and 13B are cross-sectional views taken along lines 13A--13A
and 13B--13B in Figure 13;
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[0045] Figure 14 is a top view of an example of a bridge dressing that may be
associated with some embodiments of the therapy system of Figure 1;

[0046] Figure 15 is a graph illustrating flow rates of fluids drawn through an
embodiment of the dressing interface of Figure 1;

[0047] Figure 16 is a graph illustrating flow rates of fluids drawn through an
embodiment of the dressing interface of Figure 1;

[0048] Figure 17 is a graph illustrating flow rates of fluids drawn through an
embodiment of the dressing interface of Figure 1;

[0049] Figure 18 is a graph illustrating the flow rates of fluids drawn through an
embodiment of the dressing interface of Figure 1;

[0050] Figure 19 is an assembly view of another example of a dressing interface,
illustrating additional details that may be associated with some embodiments;

[0051] Figure 20 is an assembled section view of the dressing interface of Figure 19,
illustrating additional details that may be associated with some embodiments;

[0052] Figure 21 is a schematic section view of the dressing interface of Figure 19,
illustrating additional details that may be associated with some embodiments;

[0053] Figure 22 is an assembly view of another example of a dressing interface,
illustrating additional details that may be associated with some embodiments;

[0054] Figure 23 is an assembly view of another example of a dressing interface,
illustrating additional details that may be associated with some embodiments; and

[0055] Figure 24 is an assembly view of another example of a dressing interface,

illustrating additional details that may be associated with some embodiments.

DESCRIPTION OF EXAMPLE EMBODIMENTS

[0056] The following description of example embodiments provides information that
enables a person skilled in the art to make and use the subject matter set forth in the appended
claims, but may omit certain details already well-known in the art. The following detailed
description is, therefore, to be taken as illustrative and not limiting,.

[0057] The example embodiments may also be described herein with reference to
spatial relationships between various elements or to the spatial orientation of various
elements depicted in the attached drawings. In general, such relationships or orientation

assume a frame of reference consistent with or relative to a patient in a position to receive



30 Jan 2024

2018354152

treatment. However, as should be recognized by those skilled in the art, this frame of
reference is merely a descriptive expedient rather than a strict prescription.

[0058] Figure 1 is a simplified functional block diagram of an example embodiment
of a therapy system 100 that can provide negative-pressure therapy with instillation of
treatment solutions in accordance with this specification.

[0059] The term “tissue site” in this context broadly refers to a wound, defect, or
other treatment target located on or within tissue, including, but not limited to, bone tissue,
adipose tissue, muscle tissue, neural tissue, dermal tissue, vascular tissue, connective tissue,
cartilage, tendons, or ligaments. A wound may include chronic, acute, traumatic, subacute,
and dehisced wounds; partial-thickness burns; ulcers (such as diabetic, pressure, or venous
insufficiency ulcers); flaps; and grafts, for example. The term “tissue site” may also refer to
areas of any tissue that are not necessarily wounded or defective but are instead areas in
which it may be desirable to add or promote the growth of additional tissue. For example,
negative pressure may be applied to a tissue site to grow additional tissue that may be
harvested and transplanted.

[0060] The therapy system 100 may include or be configured to be coupled to one or
more distribution components. In general, a distribution component may refer to any
complementary or ancillary component configured to be fluidly coupled to a negative-
pressure supply between a negative-pressure supply and a tissue site. A distribution
component is preferably detachable and may be disposable, reusable, or recyclable. For
example, a dressing 102 is illustrative of a distribution component fluidly coupled to a
negative-pressure source 104 in Figure 1. A dressing may include a cover, a tissue interface,
or both in some embodiments. The dressing 102, for example, may include a cover 106, a
dressing interface 107, and a tissue interface 108. In some embodiments, the cover 106 may
be configured to cover the tissue interface 108 and the tissue site, and may be adapted to seal
the tissue interface and create a therapeutic environment proximate to a tissue site for
maintaining a negative pressure at the tissue site. In some embodiments, the dressing
interface 107 may be configured to fluidly couple the negative-pressure source 104 to the
therapeutic environment of the dressing. The therapy system 100 may optionally include a
fluid container, such as a container 112, coupled to the dressing 102 and to the negative-
pressure source 104.

[0061] The therapy system 100 may also include a source of instillation solution, such
as a solution source 114. A distribution component may be fluidly coupled to a fluid path

between a solution source and a tissue site in some embodiments. For example, an
8
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instillation pump 116 may be coupled to the solution source 114, as illustrated in the example
embodiment of Figure 1. The instillation pump 116 may also be fluidly coupled to the
negative-pressure source 104 such as, for example, by a fluid conductor 119. In some
embodiments, the instillation pump 116 may be directly coupled to the negative-pressure
source 104, as illustrated in Figure 1, but may be indirectly coupled to the negative-pressure
source 104 through other distribution components in some embodiments. For example, in
some embodiments, the instillation pump 116 may be fluidly coupled to the negative-pressure
source 104 through the dressing 102. In some embodiments, the instillation pump 116 and the
negative-pressure source 104 may be fluidly coupled to two different locations on the tissue
interface 108 by two different dressing interfaces. For example, the negative-pressure source
104 may be fluidly coupled to the dressing interface 107 at a first location, while the
instillation pump 116 may be fluidly to the coupled to dressing interface 107 at a second
location as shown in Figure 1.

[0062] The therapy system 100 also may include sensors to measure operating
parameters and provide feedback signals to the controller 110 indicative of the operating
parameters. As illustrated in Figure 1, for example, the therapy system 100 may include a
first sensor 120 and/or a second sensor 124. The first sensor 120 may be configured to
measure pressure in some examples. Other sensors, such as the second sensor 124, may be
configured for measuring other properties in the therapy system 100 such as, for example,
various pressures, voltages and currents. The first sensor 120 and the second sensor 124 may
be electrically coupled to the controller 110 for providing information to the therapy system
100. The first sensor 120 may be fluidly coupled or configured to be fluidly coupled to a
distribution component such as, for example, the negative-pressure source 104 either directly
or indirectly through the container 112. The first sensor 120 may be configured to measure
pressure in proximity to a tissue site, such as in the pressure in the dressing 102. In some
example embodiments, the second sensor 124 may be in fluid communication with the output
of the negative-pressure source 104 to directly measure the pump pressure (PP). In other
example embodiments, the second sensor 124 may be electrically coupled to the negative-
pressure source 104 to measure applied current as a proxy to the pump pressure.

[0063] Distribution components may be fluidly coupled to each other to provide a
distribution system for transferring fluids (i.e., liquid and/or gas). For example, a distribution
system may include various combinations of fluid conductors and fittings to facilitate fluid
coupling. A fluid conductor generally includes any structure with one or more lumina

adapted to convey a fluid between two ends, such as a tube, pipe, hose, or conduit. Typically,
9
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a fluid conductor is an elongated, cylindrical structure with some flexibility, but the geometry
and rigidity may vary. Some fluid conductors may be molded into or otherwise integrally
combined with other components. A fitting can be used to mechanically and fluidly couple
components to each other. For example, a fitting may comprise a projection and an aperture.
The projection may be configured to be inserted into a fluid conductor so that the aperture
aligns with a lumen of the fluid conductor. A valve is a type of fitting that can be used to
control fluid flow. For example, a check valve can be used to substantially prevent return
flow. A port is another example of a fitting. A port may also have a projection, which may
be threaded, flared, tapered, barbed, or otherwise configured to provide a fluid seal when
coupled to a component.

[0064] In some embodiments, distribution components may also be coupled by virtue
of physical proximity, being integral to a single structure, or being formed from the same
piece of material. Coupling may also include mechanical, thermal, electrical, or chemical
coupling (such as a chemical bond) in some contexts. For example, a tube may mechanically
and fluidly couple the dressing 102 to the container 112 in some embodiments. In general,
components of the therapy system 100 may be coupled directly or indirectly. For example,
the negative-pressure source 104 may be directly coupled to the controller 110, and may be
indirectly coupled to the dressing interface 107 through the container 112 by conduit 126 and
conduit 128. The first sensor 120 may be fluidly coupled to the dressing 102 directly or
indirectly by conduit 121 and conduit 122. Additionally, the instillation pump 116 may be
coupled indirectly to the dressing interface 107 through the solution source 114 and the
instillation regulator 115 by fluid conductors 132, 134 and 138. Alternatively, the instillation
pump 116 may be coupled indirectly to the second dressing interface 117 through the solution
source 114 and the instillation regulator 115 by fluid conductors 132, 134 and 139.

[0065] The fluid mechanics of using a negative-pressure source to reduce pressure in
another component or location, such as within a sealed therapeutic environment, can be
mathematically complex. However, the basic principles of fluid mechanics applicable to
negative-pressure therapy and instillation are generally well-known to those skilled in the art,
and the process of reducing pressure may be described illustratively herein as “delivering,”
“distributing,” or “generating” negative pressure, for example.

[0066] In general, exudates and other fluids flow toward lower pressure along a fluid
path. Thus, the term “downstream” typically implies something in a fluid path relatively
closer to a source of negative pressure or further away from a source of positive pressure.

Conversely, the term “upstream” implies something relatively further away from a source of
10
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negative pressure or closer to a source of positive pressure. Similarly, it may be convenient
to describe certain features in terms of fluid “inlet” or “outlet” in such a frame of reference.
This orientation is generally presumed for purposes of describing various features and
components herein. However, the fluid path may also be reversed in some applications (such
as by substituting a positive-pressure source for a negative-pressure source) and this
descriptive convention should not be construed as a limiting convention.

[0067] “Negative pressure” generally refers to a pressure less than a local ambient
pressure, such as the ambient pressure in a local environment external to a sealed therapeutic
environment provided by the dressing 102. In many cases, the local ambient pressure may
also be the atmospheric pressure at which a tissue site is located. Alternatively, the pressure
may be less than a hydrostatic pressure associated with tissue at the tissue site. Unless
otherwise indicated, values of pressure stated herein are gauge pressures. Similarly,
references to increases in negative pressure typically refer to a decrease in absolute pressure,
while decreases in negative pressure typically refer to an increase in absolute pressure. While
the amount and nature of negative pressure applied to a tissue site may vary according to
therapeutic requirements, the pressure is generally a low vacuum, also commonly referred to
as a rough vacuum, between -5 mm Hg (-667 Pa) and -500 mm Hg (-66.7 kPa). Common
therapeutic ranges are between -75 mm Hg (-9.9 kPa) and -300 mm Hg (-39.9 kPa).

[0068] A negative-pressure supply, such as the negative-pressure source 104, may be
a reservoir of air at a negative pressure, or may be a manual or electrically-powered device
that can reduce the pressure in a sealed volume, such as a vacuum pump, a suction pump, a
wall suction port available at many healthcare facilities, or a micro-pump, for example. A
negative-pressure supply may also have one or more supply ports configured to facilitate
coupling and de-coupling the negative-pressure supply to one or more distribution
components.

[0069] The tissue interface 108 can be generally adapted to contact a tissue site. The
tissue interface 108 may be partially or fully in contact with the tissue site. If the tissue site is
a wound, for example, the tissue interface 108 may partially or completely fill the wound, or
may be placed over the wound. The tissue interface 108 may take many forms, and may have
many sizes, shapes, or thicknesses depending on a variety of factors, such as the type of
treatment being implemented or the nature and size of a tissue site. For example, the size and
shape of the tissue interface 108 may be adapted to the contours of deep and irregular shaped

tissue sites. Moreover, any or all of the surfaces of the tissue interface 108 may have
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projections or an uneven, coarse, or jagged profile that can induce strains and stresses on a
tissue site, which can promote granulation at the tissue site.

[0070] In some embodiments, the tissue interface 108 may comprise or consist
essentially of a manifold. A "manifold" in this context generally includes any substance or
structure providing a plurality of pathways adapted to collect or distribute fluid across a tissue
site under pressure. For example, a manifold may be adapted to receive negative pressure
from a source and distribute negative pressure through multiple apertures across a tissue site,
which may have the effect of collecting fluid from across a tissue site and drawing the fluid
toward the source. In some embodiments, the fluid path may be reversed or a secondary fluid
path may be provided to facilitate delivering fluid across a tissue site.

[0071] In some illustrative embodiments, the pathways of a manifold may be
interconnected to improve distribution or collection of fluids across a tissue site. In some
illustrative embodiments, a manifold may be a porous foam material having interconnected
cells or pores. For example, cellular foam, open-cell foam, reticulated foam, porous tissue
collections, and other porous material such as gauze or felted mat generally include pores,
edges, and/or walls adapted to form interconnected fluid channels. Liquids, gels, and other
foams may also include or be cured to include apertures and fluid pathways. In some
embodiments, a manifold may additionally or alternatively comprise projections that form
interconnected fluid pathways. For example, a manifold may be molded to provide surface
projections that define interconnected fluid pathways.

[0072] The average pore size of a foam manifold may vary according to needs of a
prescribed therapy. For example, in some embodiments, the tissue interface 108 may be a
foam manifold having pore sizes in a range of 400-600 microns. The tensile strength of the
tissue interface 108 may also vary according to needs of a prescribed therapy. For example,
the tensile strength of a foam may be increased for instillation of topical treatment solutions.
In some embodiments, the tissue interface 108 may be reticulated polyurethane foam such as
found in GRANUFOAM™ dressing or V.A.C. VERAFLO™ dressing, both available from
Kinetic Concepts, Inc. of San Antonio, Texas.

[0073] The tissue interface 108 may be either hydrophobic or hydrophilic. In an
example in which the tissue interface 108 may be hydrophilic, the tissue interface 108 may
also wick fluid away from a tissue site, while continuing to distribute negative pressure to the
tissue site. The wicking properties of the tissue interface 108 may draw fluid away from a
tissue site by capillary flow or other wicking mechanisms. An example of a hydrophilic foam

is a polyvinyl alcohol, open-cell foam such as V.A.C. WHITEFOAM™ dressing available
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from Kinetic Concepts, Inc. of San Antonio, Texas. Other hydrophilic foams may include
those made from polyether. Other foams that may exhibit hydrophilic characteristics include
hydrophobic foams that have been treated or coated to provide hydrophilicity.

[0074] The tissue interface 108 may further promote granulation at a tissue site when
pressure within the sealed therapeutic environment is reduced. For example, any or all of the
surfaces of the tissue interface 108 may have an uneven, coarse, or jagged profile that can
induce microstrains and stresses at a tissue site if negative pressure is applied through the
tissue interface 108.

[0075] In some embodiments, the tissue interface 108 may be constructed from
bioresorbable materials. Suitable bioresorbable materials may include, without limitation, a
polymeric blend of polylactic acid (PLA) and polyglycolic acid (PGA). The polymeric blend
may also include, without limitation, polycarbonates, polyfumarates, and capralactones. The
tissue interface 108 may further serve as a scaffold for new cell-growth, or a scaffold material
may be used in conjunction with the tissue interface 108 to promote cell-growth. A scaffold
is generally a substance or structure used to enhance or promote the growth of cells or
formation of tissue, such as a three-dimensional porous structure that provides a template for
cell growth. Illustrative examples of scaffold materials include calcium phosphate, collagen,
PLA/PGA, coral hydroxy apatites, carbonates, or processed allograft materials.

[0076] In some embodiments, the cover 106 may provide a bacterial barrier and
protection from physical trauma. The cover 106 may also be constructed from a material that
can reduce evaporative losses and provide a fluid seal between two components or two
environments, such as between a therapeutic environment and a local external environment.
The cover 106 may comprise or consist essentially of, for example, an elastomeric film or
membrane that can provide a seal adequate to maintain a negative pressure at a tissue site for
a given negative-pressure source. The cover 106 may have a high moisture-vapor
transmission rate (MVTR) in some applications. For example, the MVTR may be at least
250 grams per square meter per twenty-four hours in some embodiments, measured using an
upright cup technique according to ASTM E96/E96M Upright Cup Method at 38°C and 10%
relative humidity (RH). In some embodiments, an MVTR up to 5,000 grams per square
meter per twenty-four hours may provide effective breathability and mechanical properties.

[0077] In some example embodiments, the cover 106 may be a polymer drape, such
as a polyurethane film, that is permeable to water vapor but impermeable to liquid. Such
drapes typically have a thickness in the range of 25-50 microns. For permeable materials, the

permeability generally should be low enough that a desired negative pressure may be
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maintained. The cover 106 may comprise, for example, one or more of the following
materials: polyurethane (PU), such as hydrophilic polyurethane; cellulosics; hydrophilic
polyamides; polyvinyl alcohol; polyvinyl pyrrolidone; hydrophilic acrylics; silicones, such as
hydrophilic silicone elastomers; natural rubbers; polyisoprene; styrene butadiene rubber;
chloroprene rubber; polybutadiene; nitrile rubber; butyl rubber; ethylene propylene rubber;
ethylene propylene diene monomer; chlorosulfonated polyethylene; polysulfide rubber;
ethylene vinyl acetate (EVA); co-polyester; and polyether block polymide copolymers. Such
materials are commercially available as, for example, Tegaderm® drape, commercially
available from 3M Company, Minneapolis Minnesota; polyurethane (PU) drape,
commercially available from Avery Dennison Corporation, Pasadena, California; polyether
block polyamide copolymer (PEBAX), for example, from Arkema S.A., Colombes, France;
and Inspire 2301 and Inpsire 2327 polyurethane films, commercially available from
Expopack Advanced Coatings, Wrexham, United Kingdom. In some embodiments, the cover
106 may comprise INSPIRE 2301 having an MVTR (upright cup technique) of 2600 g/m?/24
hours and a thickness of about 30 microns.

[0078] An attachment device may be used to attach the cover 106 to an attachment
surface, such as undamaged epidermis, a gasket, or another cover. The attachment device
may take many forms. For example, an attachment device may be a medically-acceptable,
pressure-sensitive adhesive that extends about a periphery, a portion, or an entire sealing
member. In some embodiments, for example, some or all of the cover 106 may be coated
with an acrylic adhesive having a coating weight between 25-65 grams per square meter
(g.s.m.). Thicker adhesives or combinations of adhesives may be applied in some
embodiments to improve the seal and reduce leaks. Other example embodiments of an
attachment device may include a double-sided tape, paste, hydrocolloid, hydrogel, silicone
gel, or organogel.

[0079] In some embodiments, a dressing interface may facilitate coupling the
negative-pressure source 104 to the dressing 102. The negative pressure provided by the
negative-pressure source 104 may be delivered through the conduit 128 to a negative-
pressure connector that, in some embodiments, may include an elbow connector (not shown)
having a first end adapted to be positioned in fluid communication with the tissue interface
108 and a second end extending at a substantially right angle from the first end adapted to be
fluidly coupled to the conduit 128. In some embodiments, the elbow connector may be
substantially rigid. In yet another example embodiment, the negative-pressure interface may

be semi-rigid such as, for example, a T.R.A.C.® Pad or Sensa T.R.A.C.® Pad available from
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KCI of San Antonio, Texas. The negative-pressure interface delivers negative pressure
within an interior portion of the cover 106 and the tissue interface 108.

[0080] A controller, such as the controller 110, may be a microprocessor or computer
programmed to operate one or more components of the therapy system 100, such as the
negative-pressure source 104. In some embodiments, for example, the controller 110 may be
a microcontroller, which generally comprises an integrated circuit containing a processor core
and a memory programmed to control one or more operating parameters of the therapy
system 100. Operating parameters may include, for example, the power applied to the
negative-pressure source 104, the pressure generated by the negative-pressure source 104, or
the pressure distributed to the tissue interface 108. The controller 110 is also preferably
configured to receive one or more input signals and programmed to modify one or more
operating parameters based on the input signals.

[0081] Sensors, such as the first sensor 120 or the second sensor 124, are generally
known in the art as any apparatus operable to detect or measure a physical phenomenon or
property, and generally provide a signal indicative of the phenomenon or property that is
detected or measured. For example, the first sensor 120 and the second sensor 124 may be
configured to measure one or more operating parameters of the therapy system 100. In some
embodiments, the first sensor 120 may be a transducer configured to measure pressure in a
pneumatic pathway and convert the measurement to a signal indicative of the pressure
measured. In some embodiments, for example, the first sensor 120 may be a piezoresistive
strain gauge. The second sensor 124 may optionally be configured to measure operating
parameters of the negative-pressure source 104, such as the voltage or current, in some
embodiments. Preferably, the signals from the first sensor 120 and the second sensor 124 are
suitable as an input signal to the controller 110, but some signal conditioning may be
appropriate in some embodiments. For example, the signal may need to be filtered or
amplified before it can be processed by the controller 110. Typically, the signal is an
electrical signal that is transmitted and/or received on by wire or wireless means, but may be
represented in other forms, such as an optical signal.

[0082] The solution source 114 is representative of a container, canister, pouch, bag,
or other storage component, which can provide a solution for instillation therapy.
Compositions of solutions may vary according to a prescribed therapy. Examples of
therapeutic solutions that may be suitable for some prescriptions include hypochlorite-based
solutions, silver nitrate (0.5%), sulfur-based solutions, biguanides, cationic solutions, and

isotonic solutions. In one illustrative embodiment, the solution source 114 may include a
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storage component for the solution and a separate cassette for holding the storage component
and delivering the solution to the tissue site 150, such as a V.A.C. VeraLink™ Cassette
available from Kinetic Concepts, Inc. of San Antonio, Texas.

[0083] The container 112 may also be representative of a container, canister, pouch,
or other storage component, which can be used to collect and manage exudates and other
fluids withdrawn from a tissue site. In many environments, a rigid container may be
preferred or required for collecting, storing, and disposing of fluids. In other environments,
fluids may be properly disposed of without rigid container storage, and a re-usable container
could reduce waste and costs associated with negative-pressure therapy. In some
embodiments, the container 112 may comprise a canister having a collection chamber, a first
inlet fluidly coupled to the collection chamber and a first outlet fluidly coupled to the
collection chamber and adapted to receive negative pressure from a source of negative
pressure. In some embodiments, a first fluid conductor may comprise a first member such as,
for example, the conduit 128 fluidly coupled between the first inlet and the tissue interface
108 by the negative-pressure interface, and a second member such as, for example, the
conduit 126 fluidly coupled between the first outlet and a source of negative pressure
whereby the first conductor is adapted to provide negative pressure within the collection
chamber to the tissue site.

[0084] The therapy system 100 may also comprise a flow regulator such as, for
example, a regulator 118 fluidly coupled to a source of ambient air to provide a controlled or
managed flow of ambient air to the sealed therapeutic environment provided by the dressing
102 and ultimately the tissue site. In some embodiments, the regulator 118 may control the
flow of ambient fluid to purge fluids and exudates from the sealed therapeutic environment.
In some embodiments, the regulator 118 may be fluidly coupled to the tissue interface 108
through the dressing interface 107. The regulator 118 may be configured to fluidly couple the
tissue interface 108 to a source of ambient air. In some embodiments, the regulator 118 may
be disposed within the therapy system 100 rather than being proximate to the dressing 102 so
that the air flowing through the regulator 118 is less susceptible to accidental blockage during
use. In such embodiments, the regulator 118 may be positioned proximate the container 112
and/or proximate a source of ambient air, where the regulator 118 is less likely to be blocked
during usage.

[0085] Figure 2 is a schematic diagram of an example embodiment of the therapy
system 100 configured to apply negative pressure and treatment solutions to a tissue site 150.

Some components of the therapy system 100 may be housed within or used in conjunction
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with other components, such as processing units, alarm indicators, memory, databases,
software, display devices, or user interfaces that further facilitate therapy. For example, in
some embodiments, the negative-pressure source 104 may be combined with the controller
110 and other components into a therapy unit, such as a therapy unit 201 illustrated in Figure
2. The therapy unit 201 may be, for example, a V.A.C.ULTA™ Therapy Unit available from
Kinetic Concepts, Inc. of San Antonio, Texas.

[0086] In operation, the tissue interface 108 may be placed within, over, on, or
otherwise proximate a tissue site, such as tissue site 150. The cover 106 may be placed over
the tissue interface 108 and an attachment device 202 can seal the cover 106 to an attachment
surface near the tissue site 150. For example, the cover 106 may be sealed to undamaged
epidermis peripheral to a tissue site. Thus, the dressing 102 can provide a sealed therapeutic
environment proximate to a tissue site, substantially isolated from the external environment,
and the negative-pressure source 104 can reduce the pressure in the sealed therapeutic
environment. Negative pressure applied across the tissue site 150 through the tissue interface
108 in the sealed therapeutic environment can induce macrostrain and microstrain in the
tissue site, as well as remove exudates and other fluids from the tissue site, which can be
collected in container 112.

[0087] In the example of Figure 2, the therapy system 100 is presented in the context
of a tissue site that includes a wound 152, which is through the epidermis 154, or generally
skin, and the dermis 156 and reaching into a hypodermis, or subcutaneous tissue 158. The
therapy system 100 may be used to treat a wound of any depth, as well as many different
types of wounds, including open wounds, incisions, or other tissue sites. Treatment of the
tissue site 150 may include removal of fluids originating from the tissue site 150, such as
exudates or ascites, or fluids instilled into the dressing to cleanse or treat the tissue site 150,
such as antimicrobial solutions.

[0088] The dressing interface 107 of Figure 2 is substantially flat and flexible, but
also compressible without occluding or blocking the fluid pathway between the conduit 128
and the tissue interface 108. In some embodiments, the dressing interface 107 may comprise
an applicator 208 adapted to be positioned in fluid communication with the tissue interface
108. A bridge 209 can be fluidly coupled to the applicator 208 and extend to an adapter 210.
The bridge 209 may have a substantially flat profile, and the adapter 210 may be configured
to fluidly couple the bridge 209 to a tube or other round fluid conductor, such as the conduit
128 illustrated in the example of Figure 2. In some embodiments, the adapter 210 may have

one or more sealing valves, which can isolate the conduit 128 if separated from the dressing
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interface 107. In some embodiments, the dressing interface 107, including both the
applicator 208 and the bridge 209, may have a length that can vary between about 15 cm to
about 30 cm. In some embodiments, the applicator 208 and the bridge 209 may be formed as
a single device as shown. In other embodiments, the applicator 208 and the bridge 209 may
be separate components that are coupled together to form a single device. In yet other
embodiments, the applicator 208 and the bridge 209 may be separate components that may be
used independently of each other as a single component in the therapy system 100.

[0089] Figure 3 is a segmented perspective bottom view of an example of the
dressing interface 107, illustrating additional details that may be associated with some
embodiments. The dressing interface 107 of Figure 3 generally has a low profile structure.
Figure 3 further illustrates features that may be associated with some embodiments of the
applicator 208 and the bridge 209 of Figure 2. The applicator 208 may be bulbous or any
shape suitable for applying therapy to the tissue interface 108, depending on the size and
nature of the tissue site 150. The bridge 209 in the example of Figure 3 is generally long and
narrow. An adapter, such as the adapter 210, may fluidly couple the bridge 209 to a fluid
conductor, such as the conduit 128. In some examples, the conduit 128 and the conduit 122
may be combined in a conduit 310, as illustrated in the example of Figure 3. For example,
the conduit 310 may be a multi-lumen tube in which a central lumen corresponds to the
conduit 128 and one or more peripheral lumens corresponds to the conduit 122. The other
end of the conduit 310 may be fluidly coupled to the negative-pressure source 104 and the
first sensor 120 either directly or indirectly through the container 112.

[0090] In some example embodiments, the applicator 208 and the bridge 209 may
comprise a top layer such as, for example, a first layer 331, and a base layer such as, for
example, a second layer 332. The second layer 332 may be coupled to the first layer 331
around the periphery of the first layer 331 to form an enclosed space within the dressing
interface 107. The enclosed space may be formed between the first layer 331 and the second
layer 332 of both the applicator 208 and the bridge 209. In some examples the enclosed
space may be sealed along the periphery of the applicator 208, the bridge 209, or both. The
first layer 331 and the second layer 332 may both be formed from or include a polymeric
film. The first layer 331 and the second layer 332 may be coupled around the periphery of the
dressing interface 107 to form the enclosed space by welding (RF or ultrasonic), heat sealing,
or adhesive bonding such as, for example, acrylics or cured adhesives. For example, the first
layer 331 and the second layer 332 may be welded together around the periphery of the

dressing interface 107 and may form a flange 339 around the periphery of the dressing
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interface 107 as a result of the weld. One skilled in the art would understand that there are a
variety of methods for coupling the first layer 331 and the second layer 332 to form the
enclosed space within the dressing interface 107.

[0091] The dressing interface 107 of Figure 3 may further comprise at least one
barrier or wall, such as a first wall 335, between the first layer 331 and the second layer 332.
In some embodiments, the first wall 335 may extend from the end of the bridge 209 adjacent
the adapter 210 into the applicator 208 to form at least two enclosed spaces or fluid pathways
between the first layer 331 and the second layer 332 within the dressing interface 107. In
some examples, the dressing interface 107 may further comprise a second barrier, such as a
second wall 337, between the first layer 331 and the second layer 332. In some
embodiments, the second wall 337 also may extend from the end of the bridge 209 adjacent
the adapter 210 into the applicator 208. In some example embodiments, the wall 335 and the
wall 337 may comprise a polymeric film coupled between the first layer 331 and the second
layer 332. In some other example embodiments, the wall 335 and the wall 337 may comprise
a weld (RF or ultrasonic), a heat seal, an adhesive bond, or a combination of any of the
foregoing. In those embodiments comprising two walls, e.g., the first wall 335 and the second
wall 337, such embodiments may form three enclosed spaces or fluid pathways within the
enclosed space between the first layer 331 and the second layer 332. In some embodiments,
two of the fluid pathways may be dedicated to measuring pressure. For example, a first
pressure-sensing pathway 334 and a second pressure-sensing pathway 338 (as indicated by
the dashed line arrows) in the example of Figure 3 may be configured as feedback pathways.
A third fluid pathway, such as a negative-pressure pathway 336, may be utilized for
providing negative pressure.

[0092] In some example embodiments, the first pressure-sensing pathway 334, the
negative-pressure pathway 336, and the second pressure-sensing pathway 338 may be fluidly
coupled to the conduit 310 by the adapter 210. For example, the negative-pressure pathway
336 may be fluidly coupled to the conduit 128 so that the negative-pressure pathway 336
functions to deliver negative pressure to the tissue interface 108. The first pressure-sensing
pathway 334 and the second pressure-sensing pathway 338 may be fluidly coupled to the
conduit 122. In other embodiments, the first pressure-sensing pathway 334 and the second
pressure-sensing pathway 338 both may be fluidly coupled to a single space within the
adapter 210 that is also fluidly coupled to the conduit 122. In some example embodiments,
the other end of the first pressure-sensing pathway 334, the negative-pressure pathway 336,

and the second pressure-sensing pathway 338 may terminate within the applicator 208 of the
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dressing interface 107 and be fluidly coupled to each other within the applicator 208 for
delivering and sensing the negative pressure associated with the tissue interface 108.

[0093] The applicator 208 may comprise an opening or aperture 342 in the second
layer 332, adapted to fluidly couple the enclosed space of the dressing interface 107 to the
tissue interface 108. The aperture 342, along with the first layer 331 and the second layer
332 portions of the applicator 208 may define a recessed space 344 within the enclosed space
of the applicator 208, wherein the recessed space 344 is adapted to be in fluid communication
with the tissue interface 108 in use. The portion of the recessed space 344 covered by the
second layer 332 of the applicator 208 may be referred to as a covered space. In some
example embodiments, the walls 335 and 337 may extend only partially into the recessed
space 344 so that the end of the walls 335 and 337 are exposed by the aperture 342 as shown
in Figure 3. In this embodiment, the first pressure-sensing pathways 334 and the second
pressure-sensing pathway 338 are in fluid communication with the recessed space 344. The
negative-pressure pathway 336 is also in fluid communication with the recessed space 344
and can be adapted to deliver negative pressure to the tissue interface 108 through the
recessed space 344. In some example embodiments (not shown), the walls 335 and 337 may
extend beyond the aperture 342 so that less of the first pressure-sensing pathway 334 and the
second pressure-sensing pathway 338 are being exposed to negative pressure being delivered
to the tissue interface 108 by the negative-pressure pathway 336 to avoid occlusions and/or
blockages from the tissue site 150.

[0094] The dressing interface 107 may further comprise a plurality of features, such
as flexible projections, flexible standoffs, or closed cells. For example, closed cells 340
illustrated in the example of Figure 3 may be generally characterized as bubbles that have a
bottom portion extending from the first layer 331 and a top portion extending within the
enclosed spaces toward the second layer 332 outside the recessed space 344. Within the
recessed space 344, the top portion of the closed cells 340 extending from the first layer 331
may extend toward the tissue interface 108 and may be adapted to come in direct contact with
the tissue interface 108 in use, or may be positioned above the tissue interface 108. Features
such as the closed cells 340 can provide a cushion to help prevent the enclosed spaces of the
dressing interface 107 from collapsing as a result of external forces. In some example
embodiments, the top portion of the closed cells 340 may come in contact with the second
layer 332, and in some other example embodiments, the top portion of the closed cells 340
may be coupled to the second layer 332. In some example embodiments, the closed cells 340

may be disposed in the applicator 208 but not in the bridge 209, which may contain, for
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example, a fabric material instead of the closed cells 340. In some example embodiments,
the features may comprise projections or nodes (not shown) having a flexibility similar to the
closed cells 340.

[0095] The dressing interface 107 of Figure 3 may also comprise an affixation surface
346 surrounding the aperture 342 in the applicator 208 of the second layer 332 that can be
used to couple the dressing interface 107 to a tissue site. In some embodiments, a top drape
(not shown) may be utilized to cover the applicator 208 to provide additional protection and
support over the applicator 208 when the dressing interface 107 is applied to a tissue site. In
some embodiments, a top drape may also be utilized to cover any adhesive that might be
exposed from applying the dressing interface 107 to the tissue site. In some embodiments, a
top drape may be similar to the cover 106. For example, a top drape may comprise or consist
of a polymer, such as a polyurethane film.

[0096] Figure 3A is a section view of the applicator 208 of Figure 3, taken along line
3A-3A, illustrating additional details that may be associated with some embodiments. For
example, the top portion of the closed cells 340 may extend from the first layer 331 toward
the tissue interface 108 through the aperture 342 of the second layer 332 as illustrated in
Figure 3A. At least some of the closed cells 340 may be configured to come in direct contact
with the tissue interface 108 through the aperture 342.

[0097] Figure 3B is a section view of another example of the applicator 208,
illustrating details that may be associated with some embodiments. In the example of Figure
3B, the applicator 208 may further comprise a plurality of features or closed cells extending
from the second layer 332 toward the first layer 331. The top portions of the closed cells 340
may still extend from the first layer 331 into the recessed space 344.

[0098] Figure 3C is a section view of another example of the applicator 208. In the
example of Figure 3C, the applicator 208 comprises both a plurality of closed cells 340 and a
plurality of closed cells 350 extending from the first layer 331 and the second layer 332,
respectively, within the enclosed spaces outside the recessed space 344 toward the second
layer 332 and the first layer 331, respectively. Within the recessed space 344, the top portions
of the closed cells 340 may extend from the first layer 331 into the recessed space 344.

[0099] In some example embodiments, the first layer 331 and the second layer 332,
including the closed cells 340 and the closed cells 350, respectively, may be formed from a
non-porous, polymeric film that may comprise any flexible material that can be manipulated
to enclose closed cells, including various thermoplastic materials, e.g., polyethylene

homopolymer or copolymer, polypropylene homopolymer or copolymer, etc. Non-limiting
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examples of suitable thermoplastic polymers include polyethylene homopolymers, such as
low density polyethylene (LDPE) and high density polyethylene (HDPE), and polyethylene
copolymers such as, e.g., ionomers, EVA, EMA, heterogeneous (Zeigler-Natta catalyzed)
ethylene/alpha-olefin copolymers, and homogeneous (metallocene, single-cite catalyzed)
ethylene/alpha-olefin copolymers. Ethylene/alpha-olefin copolymers are copolymers of
ethylene with one or more comonomers selected from Cs to Czp alpha-olefins, such as 1-
butene, 1-pentene, 1-hexene, 1-octene, methyl pentene and the like, in which the polymer
molecules comprise long chains with relatively few side chain branches, including linear low
density polyethylene (LLDPE), linear medium density polyethylene (LMDPE), very low
density polyethylene (VLDPE), and ultra-low density polyethylene (ULDPE). Various other
materials are also suitable such as, e.g., polypropylene homopolymer or polypropylene
copolymer (e.g., propylene/ethylene copolymer), polyesters, polystyrenes, polyamides,
polycarbonates, etc.

[00100] In some example embodiments, the first layer 331 and the second layer
332, including the closed cells 340 and the closed cells 350, respectively, may comprise a
polymeric film such as, for example, a thermoplastic polyurethane (TPU) film that is
permeable to water vapor but impermeable to liquid. The first layer 331 and the second layer
332 may be in various degrees breathable and may have MVTRs which are proportional to
their thickness. For example, the MVTR may be at least 300 g/m? per twenty-four hours in
some embodiments. For permeable materials, the permeability generally should be low
enough to maintain a desired negative pressure for the desired negative therapy treatment.

[00101] In some example embodiments, the layer having the closed cells may
be formed from two sheets of polymeric film having inner surfaces coupled together to form
sealed regions defining the plurality of closed cells. If the dressing interface 107 is positioned
at the tissue site and negative pressure is applied as described above, the closed cells formed
by the polymeric film are structured so that they do not completely collapse from apposition
forces resulting from the application of negative pressure and/or external forces to the
dressing interface 107 and the tissue site. The two sheets of polymeric film may be a single
sheet of material having two laminae or two separate sheets that are coupled together to form
the closed cells. The sheets of polymeric film may initially be separate sheets that are brought
into superposition and sealed or they may be formed by folding a single sheet unto itself with
a heat-sealable surface facing inward. Each sheet of the polymeric film also may be a
monolayer or multilayer structure, depending on the application or the desired structure of the

closed cells.
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[00102] In some embodiments, the polymeric film may possess sufficient
tensile strength to resist stretching under apposition forces created by negative pressure
therapy. The tensile strength of a material is the ability of material to resist stretching as
represented by a stress-strain curve where stress is the force per unit area, i.e., pascals (Pa),
newtons per square meter (N/m?), or pounds per square inch (psi). The ultimate tensile
strength (UTS) is the maximum stress the material can withstand while being stretched before
failing or breaking. Many materials display a linear elastic behavior defined by a linear
stress-strain relationship often extending up to a nonlinear region represented by the yield
point, i.e., the yield strength of a material. For example, high density polyethylene (HDPE)
has a high tensile strength and low-density polyethylene (LDPE) has a slightly lower tensile
strength, which are suitable materials for the sheets of non-porous, polymeric film as set forth
above. Linear low density polyethylene (LLDPE) is often used as well because the material
stretches very little as the force is increased up to the yield point of the material. Thus, the
closed cells are able to resist collapsing (or stretching) when subjected to an external force or
pressure. For example, HDPE has a UTS of about 37 MPa and may have a yield strength that
ranges from about 26-33 MPa depending on the thickness of the material, while LDPE has
somewhat lower values.

[00103] In some example embodiments, the first layer 331 and the second layer
332, including the closed cells 340 and the closed cells 350, respectively, may comprise a
thermoplastic polyurethane (TPU) film as described above. The thermoplastic polyurethane
film may be, for example, a Platilon® thermoplastic polyurethane film available from
Convestro LLC, which may have a UTS of about 60 MPa and may have a yield strength of
approximately 11 MPa or greater than about 10 MPa depending on the thickness of the
material. Therefore, in some example embodiments, it is desirable that the non-porous,
polymeric film may have a yield strength greater than about 10 MPa, depending on the type
and thickness of material. A material having a lower yield strength may be too stretchable
and, therefore, more susceptible to breaking with the application of small amounts of
compression and/or apposition forces.

[00104] Figure 4 is a top view a layer 400 that may be illustrative of features
that may be associated with various examples of the first layer 331, the second layer 332, or
both. In some example embodiments, the layer 400 may comprise two sheets of polymeric
film, such as a sheet 402 and a sheet 403. The sheet 403 may have a plurality of blisters 404
in some embodiments. For example, the blisters 404 may comprise raised formations having

closed ends that extend above or below a plane of the sheet 403. Within each of the blisters
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404 may be an empty cavity, which may be open to the surrounding environment. In some
examples, the blisters 404 may be vacuum-formed regions of the sheet 403.

[00105] A portion of each of the sheet 402 and the sheet 403 may have inner
surfaces coupled to each other to form a sealed region 406. The sealed region 406 may
extend between all or substantially all of the blisters 404 to define a plurality of closed cells
407, or may extend between a group of the blisters 404 to define a group of the closed cells
407 that may be in fluid communication with each other. The sheet 402 may also cover the
blisters 404 to form the closed cells 407. In some embodiments, the sheet 402 and the sheet
403 may be attached to one another at their lateral edges such that all of the blisters 404 are in
fluid communication which each other.

[00106] In some embodiments, the sealed region 406 may be formed by a heat
seal between the inner surfaces of the sheets 402 and 403, while the blisters 404 may be
formed simultancously by vacuum forming. In another example embodiment, the sealed
region 406 may be formed by adhesion between the sheet 402 and the sheet 403.
Alternatively, the sheet 402 and the sheet 403 may be adhesively bonded to each other. The
sealed region 406 may be flexible enough so that the dressing interface 107 is sufficiently
flexible to conform to the shape the tissue site. The sealed region 406 may be sufficiently
flexible or sized so that the dressing interface 107 may be folded to conform to a tissue site to
provide optimal negative pressure to the tissue site.

[00107] In some example embodiments, the closed cells 407 may be
substantially airtight to inhibit collapsing of the closed cells 407 from the application of
negative pressure, which could block the flow of fluid through the dressing interface 107.
The closed cells 407 may be substantially airtight when formed and have an internal pressure
that is an ambient pressure. In another example embodiment, the closed cells 407 may be
inflated with air or other suitable gases such as, for example, carbon dioxide or nitrogen. The
closed cells 407 may be inflated to have an internal pressure greater than the atmospheric
pressure to maintain their shape and resistance to collapsing under pressure and external
forces. For example, the closed cells 407 may be inflated to a pressure up to about 25 psi
above the atmospheric pressure.

[00108] The sheet 402 and the sheet 403 may have a thickness within a range
of 400 to 600 microns. In some example embodiments, the first layer 331 and the second
layer 332, including the closed cells 340 and the closed cells 350 respectively, may be formed
from thermoplastic polyurethane film having a thickness of about 500 microns. In some

example embodiments, the sheet 402 and the sheet 403, prior to fabricating either one of the
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first layer 331 or the second layer 332, may each have a thickness of about 200 pm to about
600 pm. In some embodiments, the sheet 402 and the sheet 403 may each have a thickness of
about 250 um. In some other embodiments, the sheet 402 and the sheet 403 may each have a
thickness of about 500 pm.

[00109] In some embodiments, the thickness of a layer that does not have
closed cells may be up to 50% thinner than the thickness of the layer that that includes closed
cells. For example, referring to Figure 3A, the thickness of the second layer 332 without any
closed cells may be up to 50% thinner than the thickness of the first layer 331 that has the
closed cells 340. After the layers have been fabricated, the sealed region 406 may have a
thickness between about 800 pm and about 1200 pm. If the fabrication process comprises
injection molding, the blisters 404 may have a thickness between about 400 pum and about
500 um. However, if the blisters 404 are fabricated by drawing the film, the top portion of the
blisters 404 may have a thickness as thin as 50 pm.

[00110] After the blisters 404 have been fabricated, the walls of the blisters 404
may have a thickness relative to the thickness of the individual sheets 402 and 403 as defined
by a draw ratio, i.e., the ratio of the average height of the blisters 404 to the average thickness
of the sheets 402 and 403. In some example embodiments, the blisters 404 may have a
generally tubular shape, which may have been formed from the sheets 402 and 403 having
various thicknesses and draw ratios. In some example embodiments, the sheets 402 and 403
may have an average thickness of 500 pm and the blisters 404 may have an average height in
a range between about 2.0 mm and 5.0 mm. Consequently, the blisters 404 may have a draw
ratio ranging from about 4:1 to about 10:1 for heights of 2.0 and 5.0 mm, respectively. In
another example embodiment, the draw ratio may range from about 5:1 to about 13:1 where
the thickness of the sheets 402 and 403 is an average of about 400 um. In yet another
example embodiment, the draw ratio may range from about 3:1 to about 9:1 where the
thickness of the sheets 402 and 403 is an average of about 600 pm. In some embodiments, the
blisters 404 may have an average height in a range between about 1.0 mm and 4.0 mm,
depending on the thickness of the sheets 402 and 403. The sheets 402 and 403 may each have
the same or different thicknesses and flexibilities, but are substantially non-stretchable as
described above so that the closed cells 407 maintain a generally constant volume without
bursting after a compression force is applied to the dressing interface 107 or negative
pressure is applied to the dressing interface 107 and the tissue site. Consequently, even when

a load is applied to the dressing interface 107, which squeezes the closed cells 407 into a
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different shape, the closed cells 407 are sufficiently flexible to recover their original shape
after being squeezed without bursting.

[00111] The open ends of the blisters 404 may define the cross-sectional shape
of the closed cells 407 as being generally circular as shown, but in other embodiments the
blisters 404 may be a rectangular or triangular shape, hexagonal, or other geometric or an
irregular shape.

[00112] Figure 4A is a section view of the layer 400 taken along line 4A-4A of
Figure 4, illustrating additional details that may be associated with some examples. In some
embodiments, the blisters 404 may be hemispherical, as illustrated in the example of Figure
4A. In other example embodiments, the blisters 404 may be conical, cylindrical, tubular
having a flattened or hemispherical end, or geodesic. These shapes may be formed in either
one of the sheets 402 and 403, such as the tubular shape of the blisters 404 shown in Figure
4A. The blisters 404 may be tubular shapes formed with generally parallel walls extending
from the sealed region 416 to a hemispherical or flat top portion of the blisters 404.
Alternatively, the walls of the blisters 404 may taper or expand outwardly from the sealed
region 416 to the top portion so that the diameter of the top portion of the closed cells 407 is
larger than at the base of the closed cells 407.

[00113] In some embodiments, the blisters 404 that are generally hemispherical
or tubular in shape may have a diameter between about 1.0 mm and about 10 mm. In some
other embodiments, the blisters 404 may have a diameter between about 2.0 mm and about
5.0 mm. In some embodiments, the blisters 404 also may have a pitch, i.e., the center to
center distance between each of the blisters 404, between about 1 mm and 10 mm. In some
other embodiments, the blisters 404 may also have a pitch between about 2 mm and about 3
mm. The surface area of the layer 400 covered by the closed cells 407 may also be
determined as a percentage, i.c., the cell coverage percentage. In one example embodiment
wherein the diameter of each of the blisters 404 is about 1.0 mm and the pitch is about 2.0
mm, the cell coverage percentage is about 22% of the surface area of the layer 400. In
another example embodiment wherein the diameter of each of the blisters 404 is about 2.0
mm and the pitch is about 5.0 mm, the cell coverage percentage is about 14% of the surface
area of the layer 400. In yet another example embodiment wherein the diameter of each of the
blisters 404 is about 1.5 mm, the pitch is about 2.0 mm, and the blisters 404 are more tightly
arranged such that there are about 28.5 cells in a 10 mm? section of the layer 400, the cell
coverage percentage is about 51% of the surface area of the layer 400. Depending on the

diameter, pitch, and arrangement of the closed cells 407, the cell coverage percentage may
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range between about 10% and about 60% of the surface area of either one of the layers
having the closed cells such as layer 400. Blisters 404 having other shapes also may have a
cell coverage percentage in generally the same range.

[00114] When the dressing interface 107 is disposed at the tissue site, a portion
of the closed cells 340 may extend through the recessed space 344 and the aperture 342 of the
dressing interface 107 to contact the tissue interface 108. A portion of the closed cells 340
extending through the recessed space 344 may be textured with surface features, which may
be protrusions or indentations, to enhance fluid flow through the dressing interface 107 to the
tissue interface 108 and the tissue site.

[00115] Figure 4B is a section view of the layer 400 of Figure 4 taken along
line 4B-4B, illustrating additional details that may be associated with some examples. In the
example of Figure 4B, one or more of the blisters 404 are embossed with projections or
nodes, such as the nodes 419. The nodes 419 can be configured to contact the tissue interface
108 to enhance fluid flow to a tissue site. The nodes 419 may be projections that are flexible
or rigid. In some embodiments, the projections may be formed from a substantially gas
impermeable material such as silicone. In other embodiments, the projections may be formed
from a semi-gas permeable material. The projections may be formed as an integral part of
the sheet 403, and, therefore, they may also be formed from the same material. In some
embodiments, the projections may be solid, while in other embodiments the projections may
be hollow to increase flexibility. The projections may form a plurality of channels and/or
voids to distribute reduced pressure and allow for fluid flow among the projections. The
projections may be dimensioned to provide local load points evenly distributed at the tissue
interface 108. The pattern and position of the projections may be uniform or non-uniform.
The projections may have different shapes, including, for example, the shape of a spike, cone,
pyramid, dome, cylinder or rectangle.

[00116] The blisters 404 in adjacent rows or columns may be staggered in some
examples, so that the cells may be nested together. In other embodiments, the blisters 404
may be arranged in other patterns suitable for the particular therapy being utilized. For
example, the rows and columns of the blisters 404 may be arranged in line to form an
aligned, rectangular pattern so that there is more spacing between the blisters 404. Increasing
the spacing between the blisters 404 may increase fluid flow within the fluid pathways of the
dressing interface 107, whereas a nested arrangement of closed cells may restrict fluid flow
within the fluid pathways. Referring back to Figure 3, for example, the closed cells 340

disposed in the negative-pressure pathway 336 are arranged in an aligned pattern that may
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increase fluid flow of negative pressure being applied to the tissue interface 108 to facilitate
the removal of fluids and exudates within the recessed space 344. However, the closed cells
340 disposed in the pressure-sensing pathways 334 and 338 can be arranged in a nested
pattern to facilitate pressure sensing within the recessed space 344 while impeding the inflow
of fluids and exudates into the pressure-sensing pathways 334 and 338 to reduce the
possibility of blockage.

[00117] In other example embodiments, the size and pitch of the closed cells
also may be varied to effect change in the fluid flows through the fluid passageways.
Referring again to Figure 3, for example, the closed cells 340 disposed in the negative-
pressure pathway 336 have a slightly larger diameter and pitch than the closed cells 340
disposed in the pressure-sensing pathways 334 and 338 that may increase fluid flow of
negative pressure being applied to the tissue interface 108 to facilitate the removal of fluids
and exudates within the recessed space 344. The closed cells 340 disposed in the pressure-
sensing pathways 334 and 338 have a slightly smaller diameter and pitch that may restrict
fluid flow to facilitate pressure sensing within the recessed space 344 while impeding the
inflow of fluids and exudates into the sensing pathways 334 and 338 to avoid blockages.

[00118] Figure 5 is a top view of another example layer, illustrating certain
features that may additionally or alternatively be associated with various examples of the first
layer 331, the second layer 332, or both. For example, in Figure 5 a layer 500 may comprise
openings formed between closed cells to better distribute the apposition force applied to the
layer 500 as a result of the application of negative pressure, because the volume of the
chambers is greater than the volume of the individual closed cells. In some embodiments, the
layer 500 may be similar in many respects to the layer 400, comprising two sheets 502 and
503 of polymeric film. The sheet 503 may have a plurality of blisters 504. The sheet 502
and the sheet 503 may have inner surfaces coupled to each other in a pattern defining a
plurality of closed cells 507. The sheets 502 and 503 may be sealed to each other to form a
sealed region 506 defining the closed cells 507. The layer 500 also may comprise a plurality
of passageways 508 fluidly coupling at least two of the closed cells 507 to form a closed
chamber. In some examples, a closed chamber may be formed by all of the closed cells 507
in a row fluidly coupled by the passageways 508 as shown in Figure 5. The closed chambers
may be formed in alternating rows as also shown in Figure 5. The formation of closed
chambers with closed cells in any pattern distributes apposition forces applied to the layer

500 more equally across the layer 500.
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[00119] Figure 5A is a section view of the layer 500 taken along line SA-5A,
illustrating additional details that may be associated with some embodiments. For example,
as seen in Figure 5A, the closed cells 507 may be fluidly coupled through the passageways
508.

[00120] Figure 5B is a section view of the layer 500 taken along line 5B-5B,
illustrating additional details that may be associated with some embodiments. For example,
one or more of the blisters 504 may be textured with surface features, which may be
protrusions or indentations, to enhance fluid flow through the dressing interface 107. In some
exemplary embodiments, as shown in Figure 5B, one or more of the blisters 504 may be
embossed with projections or nodes, such as the nodes 519, which can contact the tissue
interface 108 to enhance fluid flow to a tissue site.

[00121] Figures 6, 6A, and 6B illustrate other examples of features that may be
associated with the first layer 331, the second layer 332, or both. In Figure 6, a closed-cell
layer 600 also comprises two sheets 602 and 603 of polymeric film having inner surfaces
sealed to each other in a pattern defining a plurality of closed cells in a nested arrangement
including closed cells 607 and smaller closed cells 614. In some embodiments, a wall 635
similar to the first wall 335 shown in Figure 3 may be disposed between the plurality of
closed cells 607 and 614 forming the negative-pressure pathway 336 and the pressure-sensing
pathway 334, respectively. As can be seen, the closed cells 607 disposed in the negative-
pressure pathway 336 have a noticeably larger diameter and pitch than the smaller closed
cells 614 that may increase fluid flow of negative pressure being applied to the tissue
interface 108 to facilitate the removal of fluids and exudates within the recessed space 344.
For example, the larger closed cells 607 may have a diameter in the range between about 1
mm and about 10 mm, whereas the smaller closed cells 614 may have a diameter in the range
between about 1 mm and about 3 mm. The closed cells 614 disposed in the pressure-sensing
pathway 334 have a noticeably smaller diameter and pitch than the larger closed cells 607
that may restrict fluid flow to facilitate pressure sensing within the recessed space 344 while
impeding the inflow of fluids and exudates into the pressure-sensing pathway 334. It should
be understood that the arrangement and dimensions of the closed cells may be tailored to
manage the delivery of negative pressure to the tissue interface 108 and the measurement of
pressure within the recessed space 344.

[00122] In operation, the tissue interface 108 may be placed within, over, on, or
otherwise proximate a tissue site, such as the tissue site 150, as shown in the example of

Figure 2. The cover 106 may be placed over the tissue interface 108 and sealed to an
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attachment surface near the tissue site 150. For example, the cover 106 may be sealed to
undamaged epidermis peripheral to a tissue site. The dressing 102 can provide a sealed
therapeutic environment proximate to a tissue site, substantially isolated from the external
environment, and the negative-pressure source 104 can reduce the pressure in the sealed
therapeutic environment.

[00123] Figure 7 is a schematic diagram of the dressing interface 107 of Figure
3 applied to the tissue site 150. The tissue interface 108 may be in fluid communication with
the recessed space 344 through the aperture 342 of the dressing interface 107. The affixation
surface 346 of the dressing interface 107 may be coupled to the cover 106 to seal and fluidly
couple the recessed space 344 of the dressing interface 107 to the tissue interface 108. The
first wall 335 and the second wall 337 form the three enclosed spaces or fluid pathways 334,
336 and 338 (as indicated by the dashed line arrows in Figure 3) between the first layer 331
and the second layer 332 as described above.

[00124] Within the recessed space 344, the top portion of the closed cells 340
can extend from the first layer 331 toward the tissue interface and may be adapted to come in
direct contact with the tissue interface 108 if negative pressure is applied to the dressing
interface 107. If negative pressure is applied to the tissue interface 108, the dressing interface
107 can be compressed as a result of an apposition force that causes the first layer 331 and
the second layer 332 to collapse toward each other because of the vacuum created within the
spaces between the closed cells 340. Although apposition forces may cause the closed cells
340 to change shape or flatten somewhat during the application of negative pressure to the
tissue interface 108, the volume of the closed cells 340 remains substantially constant and, as
a result, maintains fluid flow through the negative-pressure pathway 336 to continue
providing negative pressure therapy to the tissue site 150 and measuring the pressure
provided by the pressure-sensing pathways 334 and 338. The closed cells 340 also provide a
cushion to help prevent the enclosed spaces of the dressing interface 107 from collapsing as a
result of external forces as described above. The closed cells 340 disposed in the negative-
pressure pathway 336 may be sized and arranged in a pattern that may increase fluid flow of
negative pressure being applied to the tissue interface 108 to facilitate the removal of fluids
and exudates within the recessed space 344. The closed cells 340 disposed in the pressure-
sensing pathways 334 and 338 may be sized and arranged in a pattern to facilitate pressure
sensing within the recessed space 344 while impeding the inflow of fluids and exudates into

the sensing pathways 334 and 338 to reduce the possibility of blockages.
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[00125] The closed cells 340 of the dressing interface 107 may have a variety
of shapes, and may be sized and arranged in different patterns within the enclosed space to
enhance the delivery of negative pressure to the tissue interface 108 for a specific type of
tissue site while optimizing pressure sensing and measurement of the negative pressure
within the recessed space 344. Another example of the dressing interface 107 is shown in
Figures 8A, 8B, and 9. Figures 8A and 8B are segmented perspective views of the bottom
and top of the dressing interface 107 having a low-profile structure that may be associated
with some example embodiments of the therapy system of Figure 1. Figure 9 is a perspective
bottom view of the dressing interface 107 having a low-profile structure that may be
associated with some example embodiments of the therapy system of Figure 1 including both
the bottom view shown in Figure 8A. The applicator 208 of Figure 8A has a circular shape.
The adapter 210 of Figure 8B may be functionally the same as the adapter 210 of Figure 3,
but has a different structure that may include a semi-rigid elbow connector having a low-
profile configuration.

[00126] Referring more specifically to Figures 8A and 9, the aperture 342 in
the second layer 332 may have a generally circular shape that opens to the recessed space
344. Additionally, the closed cells 340 may have a generally elongated and convex shape and
may be arranged in a generally circular pattern disposed within the recessed space 344. The
closed cells 340 may also comprise surface features, similar to the nodes 419. The closed
cells 340 disposed in the center of the recessed space 344 may be more aligned with the
negative-pressure pathway 336 to increase fluid flow of negative pressure being applied to
the tissue interface 108 to facilitate the removal of fluids and exudates within the recessed
space 344. In some embodiments, some of the closed cells 340 may be disposed around the
aperture 342 to form a semicircular path opposite the negative-pressure pathway 336
including spaces or gaps 802 between the closed cells 340. The semicircular alignment of the
closed cells 340 are positioned within the recessed space 344 to better avoid the flow of fluids
passing through from the tissue interface 108 to the negative-pressure pathway 336 when
negative pressure is applied. Additionally, the gaps 802 are sufficiently small for further
restricting fluid flow into the pressure-sensing pathways 334 and 338 as indicated by the
dashed arrows. The gaps 802 facilitate pressure sensing within the recessed space 344 while
impeding the inflow of fluids and exudates into the sensing pathways 334 and 338 to reduce
the possibility of blockage. In some embodiments, a portion of the aperture perimeter may be

welded to the outer circle of the closed cells 340 to further restrict fluid flow to the pressure-
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sensing pathways 334 and 338 in order to further impede the inflow of fluids and exudates
without inhibiting pressure sensing within the recessed space 344.

[00127] The closed cells 340 of the dressing interface 107 may have a variety
of shapes, and may be sized and arranged in different patterns within the enclosed space to
enhance the delivery of negative pressure to the tissue interface 108 for a specific type of
tissue site while optimizing pressure sensing and measurement of the negative pressure
within the recessed space 344.

[00128] Figure 10 is a perspective assembly view of another example of the
dressing interface 107 having a low-profile structure that may be associated with some
example embodiments of the therapy system of Figure 1. In the example of Figure 10, the
first layer 331 and the second layer 332 of the dressing interface 107 may be covered with a
top film coat 1005 and a base film coat 1010, respectively. In some embodiments, the top
film coat 1005 and the base film coat 1010 may be sealed around their perimeter by a weld to
enclose the space between the first layer 331 and the top film coat 1005 and the space
between the second layer 332 and the base film coat 1010. In some embodiments, the
perimeter between all the layers may be sealed or attached together along the perimeter.

[00129] The blisters 404 of the first layer 331 and the second layer 332 may be
positioned in corresponding pairs such that closed ends of the blisters 404 on second layer
332 are positioned opposite closed ends of the blisters 404 in the first layer 331. The blisters
404 in the first layer 331 and the second layer 332 may contact each other at the respective
closed ends.

[00130] The first layer 331 and the top film coat 1005 may each have ports
1015 and 1020, respectively, through which fluids from the fluid pathways 336 may flow
through the adapter 210 to the conduit 310. The first layer 331 and the top film coat 1005
may additionally have ports 1017 and 1022, respectively, which may be fluidly coupled to the
conduit 122 through the adapter 210. The dressing interface 107 may further comprise a fluid
exit bond 1025 which may be, for example, a weld between the first layer 331 and the top
film coat 1005 to seal their respective ports 1015 and 1020 to prevent leakage of fluids
flowing through the ports 1015 and 1020. The base film coat 1010 may have a port 1030
concentric with the aperture 342 of the second layer 332. The dressing interface 107 may
further comprise a fluid exit bond 1035 which may be, for example, a weld between the
second layer 332 and the base film coat 1010 to seal the aperture 342 and the port 1030 to
prevent leakage of fluids flowing through them from the tissue interface 108 into the recessed

space 344. The other side of the base film coat 1010 may include an attachment device (not
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shown), such as the attachment device 202. In some embodiments, a top drape 1040 may be
utilized to cover the applicator 208 to provide additional protection and support over the
applicator 208 if the dressing interface 107 is applied to a tissue site. In some embodiments,
the top drape 1040 may also be utilized to cover any adhesive that might be exposed from
applying the dressing interface 107 to a tissue site. In some embodiments, the top drape 1040
may be similar to the cover 106. For example, the top drape 1040 may be a polymer such as
a polyurethane film.

[00131] Figures 11A and 11B are segmented perspective bottom and top views,
respectively, of the applicator 208 and the adapter 210 of the dressing interface 107 of Figure
10. The dressing interface 107 may further comprise at least one barrier or wall such as, for
example, a first wall 1105, coupled between the first layer 331 and the second layer 332. In
some embodiments, the first wall 1105 may extend from the end of the bridge 209 adjacent
the adapter 210 into the applicator 208 to form at least two enclosed spaces or fluid pathways
between the first layer 331 and the second layer 332 within the dressing interface 107. In
some examples, the dressing interface 107 may further comprise a second barrier such as, for
example, a second wall 1110, coupled between the first layer 331 and the second layer 332.
In some embodiments, the second wall 1110 also may extend from the end of the bridge 209
adjacent the adapter 210 into the applicator 208. In some example embodiments, the first wall
1105 and the second wall 1110 may comprise a polymeric film coupled between the first
layer 331 and the second layer 332. In some other example embodiments, the first wall 1105
and the second wall 1110 may comprise a weld (RF or ultrasonic), a heat seal, an adhesive
bond, or a combination of any of the foregoing. In some embodiments comprising two walls,
e.g., the first wall 1105 and the second wall 1110, such embodiments may form three
enclosed spaces or fluid pathways within the enclosed space between the first layer 331 and
the second layer 332. In some embodiments, the first wall 1105 and the second wall 1110
cooperate with the flange 339 to form fluid conductors 1115 and 1120 for two of the fluid
pathways that may be dedicated to measuring pressure such as, for example, pressure-sensing
pathways 334 and 338 (as indicated by the dashed line arrows), leaving one of the fluid
pathways to be utilized for providing negative pressure such as, for example, negative-
pressure pathway 336 (as indicated by the dashed line arrows). In some example
embodiments, the fluid conductors 1115 and 1120 may have a height having a value in a
range between about 0.25 mm and about 3 mm. In some example embodiments, the fluid
conductors 1115 and 1120 may have a width having a value in a range between about 1 mm

and about 7.5 mm. Thus, the fluid conductors 1115 and 1120 may have a cross-sectional area
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having a value in a range between about 0.17 mm? and 16.77 mm?. In some embodiments, the
fluid conductors 1115 and 1120 may have a cross-sectional area having a value in a range
between about 0.1 mm? and 18 mm?.

[00132] In some example embodiments, the fluid conductors 1115 and 1120 and the
fluid pathways 334, 336 and 338 may be fluidly coupled to the conduit 310 by the adapter
210. For example, the negative-pressure pathway 336 may be fluidly coupled to the conduit
128 so that the negative-pressure pathway 336 functions to deliver negative pressure to the
tissue interface 108. The pressure-sensing pathways 334 and 338 may be fluidly coupled to
the conduit 122 so that the pressure-sensing pathways 334 and 338 function to sense negative
pressure at the tissue interface 108. Each of the pressure-sensing pathways 334 and 338 may
be fluidly coupled directly to the conduit 122. In other embodiments, both of the sensing
pathways 334 and 338 may be fluidly coupled to a single space (not shown) within the
adapter 210 that is also fluidly coupled to the conduit 122. In some example embodiments,
the other end of the fluid pathways 334, 336 and 338 may terminate within the applicator 208
of the dressing interface 107 for delivering and sensing the negative pressure associated with
the tissue interface 108. In the example of Figure 11A and Figure 11B, both sensing
pathways 334 and 338 are separate from, and side-by-side with, the negative-pressure
pathway 336. The side-by-side orientation of the sensing pathways 334 and 338 with the
negative-pressure pathway 336 can form a bridge that is generally flatter than a conduit or
similar fluid conductor while still being resistant to collapsing under pressure that could
block fluid flow through the fluid pathways.

[00133] In some examples, each of the first wall 1105 and the second wall 1110 may
extend an angular distance around the proximal end of the applicator 208 and cooperate with
blocking walls of the flange 339 such as, for example, blocking walls 1125 and 1130,
respectively, to form extensions of the fluid conductors 1115 and 1120, respectively, that may
be fluidly coupled to the recessed space 344. In the example of Figure 11A, the pressure-
sensing pathways 334 and 338 are in fluid communication with the recessed space 344
through the fluid conductors 1115 and 1120, which may be fluidly coupled to the recessed
space 344 by ports such as, for example, through-holes 1135 and 1140, respectively. In some
examples, the fluid conductors 1115 and 1120 may include standoffs or closed cells 1145 to
form the pressure-sensing pathways 334 and 338. In other embodiments, the fluid conductors
1115 and 1120 may be opened and supported by a thicker base layer, such as the second layer
332. In still other embodiments, the fluid conductors 1115 and 1120 may comprise or be

formed by tubes fluidly coupled to the pressure-sensing pathways 334 and 338 in the bridge
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209 and the through-holes 1135 and 1140. The negative-pressure pathway 336 may also be in
fluid communication with the recessed space 344 and can be adapted to deliver negative
pressure to the tissue interface 108 through the recessed space 344, while the pressure-
sensing pathways 334 and 338 are adapted to sense the pressure within the sealed
environment through the fluid conductors 1115 and 1120.

[00134] Each of the walls 1105 and 1110 can extend at least partially around the
proximal end of the applicator 208 that form the fluid conductors 1115 and 1120. For
example, in some embodiments each of the walls can extend from about 45° to about 315°
from the center of the negative-pressure pathway 336 where the negative-pressure pathway
336 is in fluid communication with the recessed space 344. In some embodiments, the
angular distance may be different for each of the fluid conductors 1115 and 1120. For
example, the angular distance for each of the fluid conductors 1115 and 1120 may be about
60° and 210°, respectively, from the negative-pressure pathway 336. In some example
embodiments, the other ends of the fluid conductors 1115 and 1120 that are in fluid
communication with the through-holes 1135 and 1140 may be separated from each other by
an angular distance of at least 90°, extending around the applicator 208 in a direction away
from the negative-pressure pathway 336. The spacing and disposition of the through-holes
1135 and 1140 from each other, and from the negative-pressure pathway 336, can allow the
pressure-sensing pathways 334 and 338 to better avoid the flow of fluids passing through
from the tissue interface 108 to the negative-pressure pathway 336 when negative pressure is
applied. Additionally, the through-holes 1135 and 1140 are sufficiently small for further
restricting fluid flow into the fluid conductors 1115 and 1120 and the pressure-sensing
pathways 334 and 338, as indicated by the dashed arrows. In some embodiments, the
through-holes 1135 and 1140 may have a cross-sectional area having a value in a range
between about 0.17 mm? and 16.77 mm?. In some embodiments, the through-holes 1135 and
1140 may have a cross-sectional area having a value in a range between about 0.1 mm? and
18 mm? to further restrict fluid flow to the pressure-sensing pathways 334 and 338 in order to
further impede the inflow of fluids and exudates without inhibiting pressure sensing within
the recessed space 344.

[00135] Figure 12 is a partial top view of the assembled dressing interface 107 of
Figure 10, illustrating additional details that may be associated with some embodiments.
Figure 12A is a section view of the first layer 331 of Figure 12 taken along line 12A-12A,
and Figure 12B is a section view of the first layer 331 of Figure 12 taken along line 12B-12B.

The closed cells 340 may have a variety of shapes sized and arranged in different patterns
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within the enclosed space. For example, as illustrated in the examples of Figure 12A and
Figure 12B, the bridge 209 may comprise two sets of closed cells 340 having a generally
cylindrical shape, one set of closed cells 340 extending from the first layer 331 and the other
set extending from the second layer 332. In some embodiments, the two sets of closed cells
340 may be opposingly aligned so that the upper portion of the closed cells 340 extending
from the first layer 331 face, or are aligned with, the upper portion of the closed cells 340
extending from the second layer 332. The closed cells 340 on the second layer 332 may
contact the closed cells on the first layer 331. In some embodiments, the bridge 209 may
include four rows of closed cells 340 wherein the closed cells 340 forming the two outside
rows are offset or staggered from the closed cells 340 forming the two inside rows as shown.
In this particular embodiment, the four rows of closed cells 340 form the negative-pressure
pathways 336 as indicated by the three arrows in Figure 12 and the dashed line ovals shown
in Figures 12A and 12B. Each of the walls 1105 and 1110 cooperate with the flange 339 to
form the two fluid conductors 1115 and 1120. In some embodiments, the fluid conductors
1115 and 1120 may include standoffs or closed cells 1145 to form the pressure-sensing
pathways 334 and 338 as shown in Figures 12A and 12B.

[00136] The closed cells 340 disposed in the negative-pressure pathway 336 may
have a larger diameter and pitch than the smaller closed cells 1145 that may increase fluid
flow of negative pressure being applied to the tissue interface 108 to facilitate the removal of
fluids and exudates within the recessed space 344. The closed cells 1145 disposed in the
pressure-sensing pathways 334 and 338 may have a noticeably smaller diameter and pitch
than the larger closed cells 340 that may restrict fluid flow to facilitate pressure sensing
within the recessed space 344 while impeding the inflow of fluids and exudates into the
pressure-sensing pathway 334. The arrangement and dimensions of the closed cells 340 and
1145 may be tailored to manage the delivery of negative pressure to the tissue interface 108
and the measurement of pressure within the recessed space 344.

[00137] Figure 13 is a partial top view of another example of the bridge 209. Figures
13A, and 13B are cross-sectional views taken along lines 13A--13A, and 13B--13B, in Figure
13 of the bridge 209. The bridge 209 of Figure 13 includes four rows of closed cells 340,
which are aligned both horizontally and vertically rather than being offset or staggered with
each other. In some embodiments, the fluid conductors 1115 and 1120 may be opened and
supported by the second layer 332 having an increased thickness. In still other embodiments,
the fluid conductors 1115 and 1120 may comprise or be formed by tubes fluidly coupled to

the pressure-sensing pathways 334 and 338 in the bridge 209.
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[00138] The applicator 208 and the bridge 209 may have closed cells with different
shapes arranged in different patterns that may be selected as the one best suited for the
particular tissue site and the pneumatic requirements of negative-pressure delivery and
pressure sensing. For example, the applicator 208 may comprise closed cells that are arranged
in a generally circular pattern within the recessed space 344. The closed cells in the enclosed
space of the applicator 208 outside the recessed space 344 may also have different shapes
arranged in a different pattern to accommodate the sensing pathways 334 and 338.

[00139] Figure 14 is a top view of an example of a bridge dressing 1400, illustrating
additional details that may be associated with some embodiments of the dressing 102. As
illustrated in the example of Figure 14, the bridge 209 may further comprise a fluid coupler
1405 having a bulbous portion in some embodiments. The fluid coupler 1405 may have a
structure substantially similar to the structure of the applicator 208. The fluid coupler 1405
also may comprise a recessed space (not shown) similar to the recessed space 344 that may
be in fluid communication with the open space of the adapter 210. For example, the negative-
pressure pathway 336 may be fluidly coupled to the conduit 128 through the recessed space
of the fluid coupler 1405 and the open space in the adapter 210 so that the negative-pressure
pathway 336 receives negative pressure from the negative-pressure source 104 and delivers
the negative pressure to the tissue interface 108 through the applicator 208. Correspondingly,
pressure-sensing pathways similar to the pressure-sensing pathways 334 and 338 may be
fluidly coupled to the conduit 122 so that the pressure-sensing pathways are fluidly coupled
to the first sensor 120 and in fluid communication with the recessed space 344 to sense
negative pressure at the tissue interface 108. Each of the pressure-sensing pathways may be
fluidly coupled directly or indirectly to the conduit 122,

[00140] The dressing interface 107 with or without the fluid coupler 1405 may be
fluidly coupled to the tissue interface 108, which may comprise a variety of different
dressings for negative-pressure therapy. For example, the tissue interface 108 of Figure 14
may be a composite of dressing layers, including a foam layer 1410, a perforated silicone gel
1415 having apertures 1420 and 1425, a fenestrated polyethylene film (not shown) disposed
between the foam layer 1410 and the perforated silicone gel 1415, and an adhesive drape (not
shown) covering all three layers. The fenestration pattern of the polyethylene film can be
made in registration with the perforation pattern of at least a central area (not shown) of the
silicone gel 1415. In some embodiments, each of the perforations in the central area may
have a width or diameter of about 2 millimeters, and ecach of the fenestrations in the

polyethylene film may be slots having a length of about 3 millimeters and a width of about
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0.5 millimeters to about 1 millimeter. The foam layer 1410 may be foam having an open-cell
structure, such as a reticulated foam. The foam may also be relatively thin and hydrophobic
to reduce the fluid hold capacity of the dressing, which can encourage exudate and other fluid
to pass quickly to external storage. The foam layer may also be thin to reduce the dressing
profile and increase flexibility, which can enable it to conform to wound beds and other tissue
sites under negative pressure. The adhesive drape may have an aperture or opening adapted
to be fluidly coupled to the recessed space 344 of the applicator 208.

[00141] The fluid restrictions may comprise a plurality of linear slits or slots in some
embodiments. For example, the fluid restrictions may comprise a plurality of linear slots
having a length of approximately 4 millimeters or less, and a width of approximately 2
millimeters or less. A length of approximately 3 millimeters and a width of approximately 1
millimeter may be suitable for many therapeutic applications. In some embodiments, the
fluid restrictions may be distributed across the polymer film in a uniform pattern, such as a
grid of parallel rows and columns. In some embodiments, the fluid restrictions may be
distributed across the polymer film in parallel rows and columns, and the rows may be spaced
about 3 millimeters apart from each other. The fluid restrictions in each of the rows may also
be spaced about 3 millimeters apart from each other in some examples.

[00142] Figure 15 shows a first graph illustrating flow rates (L/min) of fluids drawn
through an embodiment of the bridge 209, as shown by the dashed line, which varies as a
result of the application of a flat compressive force to the bridge 209. Figure 15 shows a
second graph illustrating flow rates (L/min) of fluids drawn through a foam conduit fluidly
coupled to a standard elbow connector as shown by the solid line that also varies as a result of
the application of a flat compressive force to the conduit portion of the elbow connector. In
each case, 25 mmHg of negative pressure was applied by both the dressing interface 107 and
the elbow connector to a foam pad with 1.0 mpas of fluid. Both devices were subjected to
these compressive forces over a range of 0-70 kg. Fluid flow for the bridge 209 suffered a
loss in fluid flow of only 10% at 70 kg, while the foam conduit suffered a loss of about 85%
at 70 kg. Fundamentally, the flow rate through the bridge 209 exceeded the flow rate of the
foam conduit over the entire range of 0-70 kg and, as such, is less susceptible to blockages.
Thus, the performance of the bridge 209 exceeded the performance of the foam conduit with
the application of flat a compressive force.

[00143] Figure 16 shows a first graph illustrating flow rates (L/min) of fluids drawn
through an example of the bridge 209, as shown by the dashed line, which varies as a result

of the application of a compressive force on a horizontal point of the bridge 209, as opposed
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to a flat compressive force. Figure 16 also shows a second graph illustrating flow rates
(L/min) of fluids drawn through a foam conduit fluidly coupled to a standard elbow
connector as shown by the solid line that also varies as a result of the application of a
compressive force on a horizontal point of the conduit portion of the elbow connector. In
each case, 25 mmHg of negative pressure was applied by both the dressing interface 107 and
the elbow connector to a foam pad with 1.0 mpas of fluid. Both devices were subjected to
these compressive forces over a range of 0-70 kg. The bridge 209 was able to maintain open
flow when subjected to a compressive load of more than 10 to 20 kg greater than was
subjected to the foam conduit. Thus, the performance of the bridge 209 exceeded the
performance of the foam conduit with the application of a compressive force at a specific
horizontal point.

[00144] Figure 17 shows a first graph illustrating flow rates (L/24Hrs) of fluids
drawn through an example of the dressing interface 107, as shown by the dashed line 1705,
which vary as a result of the application of a compressive force to an example of the
applicator 208. Figure 17 also shows a second graph illustrating flow rates (L/24Hrs) of
fluids drawn through a standard elbow connector and a conduit fluidly coupled to the
connector as shown by the dashed line 1710, which also vary as a result of the application of
a compressive force to the elbow connector. In each case, 25 mmHg of negative pressure
was applied by both the dressing interface 107 and the elbow connector to a foam pad with
1.0 mpas of fluid. The results for both devices were compared to a target criteria as shown by
the solid line 1715 that was set at a minimum value of 20L/24hrs over range of 0-70 kg for
this type of tissue interface. Fluid flow for the dressing interface 107 was more than twice
(100% above) the target criteria with the application of a compressive force of about 40 kg at
1720, and still more than 33% above the target criteria at a maximum compressive force of
70 kg at 1725. The flow rate through the applicator 208 exceeds the minimum flow rate of
20L/24hrs over the entire range of 0-70 kg. In comparison, fluid flow for the standard elbow
connector fell below the target criteria with the application of a compressive force of only 10
kg at 1730, and fell to a zero flow rate or total blockage at a compression force of 20 kg at
1735. The flow rate through the elbow connector not only did not exceed the minimum flow
rate through the entire range of 0-70 kg, but also dropped quickly below the minimum flow
rate at only 10 kg. Thus, the performance of the applicator 208 exceeded the performance of
the elbow portion of the elbow connector with the application of a compressive force.

[00145] Figure 18 shows a first graph illustrating flow rates (L/24Hrs) of fluids

drawn through an example of the dressing interface 107, as shown by the dashed line 1805,
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which varies as a result of the application of a compressive force to an example of the bridge
209. Figure 18 also shows a second graph illustrating flow rates (L/24Hrs) of fluids drawn
through a standard elbow connector and a conduit fluidly coupled to the connector as shown
by the dashed line 1810 that also varies as a result of the application of a compressive force to
the conduit portion of the elbow connector. In each case, 25 mmHg of negative pressure was
applied by both the dressing interface 107 and the elbow connector to a foam pad with 1.0
mpas of fluid. The results for both devices were compared to the target criteria as shown by
the solid line 1815 that again was set at a minimum value of 20L/24hrs over range of 0-70 kg
for this type of tissue interface. Fluid flow for the dressing interface 107 was about 150%
above the target criteria with the application of a compressive force above the target criteria
at a maximum compressive force of 70 kg at 1820 on the bridge 209. The flow rate through
the bridge 209 exceeds the minimum flow rate of 20L/24hrs over the entire range of 0-70 kg.
In comparison, fluid flow for the standard elbow connector fell below the target criteria with
the application of a compressive force on the conduit portion of the elbow connector of only
45 kg at 1825, and fell to a nearly zero flow rate or total blockage at a compression force of
50 kg at 1830. The flow rate through the elbow connector not only did not exceed the
minimum flow rate through the entire range of 0-70 kg, but also dropped quickly below the
minimum flow rate at 45 kg. Thus, the performance of the bridge 209 exceeded the
performance of the conduit portion of the elbow connector with the application of a
compressive force.

[00146] Figure 19 is a perspective assembly view of another example of the
dressing interface 107, illustrating additional details that may be associated with some
embodiments. In the example of Figure 19, the dressing interface 107 comprises a first layer
1905, a second layer 1910, and a third layer 1915. In some examples, each of the first layer
1905, the second layer 1910, and the third layer 1915 may comprise or consist of materials
similar to the cover 106. For example, each may comprise or consist essentially of a flexible
polymer film, such as a polyurethane or polyethylene film. The first layer 1905, the second
layer 1910, and the third layer 1915 need not all comprise or consist of the same material. In
some examples, the first layer 1905, the second layer 1910, and the third layer 1915 may each
have a thickness in a range of about 20 microns to about 50 microns, and may be transparent
or light-occlusive. If not transparent, they may have a range of colors, including white.
Different layers may be different colors or, alternatively, transparent to improve visibility of

contents in the dressing interface 107.
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[00147] The first layer 1905, the second layer 1910, and the third layer 1915
may each be elongated, having a length substantially greater than width, as illustrated in the
example of Figure 19. In some embodiments, one or more of the first layer 1905, the second
layer 1910, and the third layer 1915 may also have a flange at one end, as further illustrated
in the example of Figure 19. As illustrated in the example of Figure 19, the flange may be
circular in some embodiments. The size of the flange may vary. For example, the flange
may have a diameter about the same size as the width of the first layer 1905, or may be
substantially larger to increase the structural integrity of the dressing interface 107 without a
release or support liner.

[00148] The first layer 1905 may have a first aperture 1920 disposed near a
distal end, and the second layer 1910 may have a second aperture 1925 disposed near a distal
end. The first aperture 1920 and the second aperture 1925 may be vertically aligned in some
examples, as illustrated in the example of Figure 19. In some embodiments, the first aperture
1920, the second aperture 1925, or both may be disposed in a flange area.

[00149] An attachment device, such as adhesive layer (not shown), may be
placed on an outside surface of the distal end of the first layer 1905 in some embodiments.
For example, an acrylic or polyurethane adhesive may be disposed around the first aperture
1920 on an outside surface of the flange area. The thickness of the adhesive may vary in
different configurations. For example, a support liner may not be necessary with a thicker
adhesive, and a thicker adhesive may also increase application ease-of-use. In some
examples, the adhesive may have a weight of about 100 grams per square meter to about 200
grams per square meter. Additionally or alternatively, the adhesive may be a light-switchable
adhesive.

[00150] A first manifold 1930 may be disposed between the first layer 1905
and the second layer 1910. The first manifold 1930 is illustrative of a variety of materials
and configurations that are open to pressure and fluid flow, particularly in the form of air and
exudate of varying viscosity. In some examples, the first manifold 1930 may be hydrophobic
to discourage collection and clotting of exudate, and should resist blocking under
compression. Additionally or alternatively, anti-clotting agents may be bound to the first
manifold 1930. Examples of materials suitable for some embodiments of the first manifold
1930 may include reticulated foam (preferably having a thickness in a range of about 3
millimeters to about 8 millimeters), combinations of foam and fabric (such as various textiles

manufactured by Milliken & Company), or coated or treated foam (such as plasma treated).
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Additionally or alternatively, the first manifold 1930 may comprise or consist essentially of a
low-profile 3D polyester textile, such as textiles manufactured by Baltex.

[00151] A second manifold 1935 may be disposed between the second layer
1910 and the third layer 1915. The second manifold 1935 is illustrative of a variety of
materials and configurations that are open to pressure and fluid flow, particularly in the form
of air. In some examples, the second manifold 1935 may be hydrophobic to discourage
ingress of exudate, and should resist blocking under compression. In some embodiments, the
second manifold 1935 may be more hydrophobic than the first manifold 1930. Additionally
or alternatively, the second manifold 1935 may have a lower stiffness modulus than the first
manifold 1930. Examples of materials suitable for some embodiments of the second
manifold 1935 may include reticulated foam (preferably having a thickness in a range of
about 3 millimeters to about 5 millimeters), felted and compressed reticulated foam
(preferably having a thickness in a range of about 2 millimeters to about 4 millimeters),
combinations of foam and textiles (such as various textiles manufactured by Milliken &
Company), or coated or treated foam (such as plasma treated). Additionally or alternatively,
the second manifold 1935 may comprise or consist essentially of a low-profile 3D polyester
textile, such as textiles manufactured by Baltex.

[00152] Figure 20 is an assembled section view of the dressing interface 107 of
Figure 19, illustrating additional details that may be associated with some embodiments. For
example, the first layer 1905, the second layer 1910, and the third layer 1915 may be welded
or bonded together to form two longitudinal chambers that run the length of the dressing
interface 107. In the example of Figure 20, edges of the first layer 1905 and the third layer
1915 are sealed to edges of the second layer 1910 to form a first fluid path 2005 and a second
fluid path 2010 in a stacked relationship. The second layer 1910 is disposed between and
fluidly separates the first fluid path 2005 and the second fluid path 2010. The first manifold
1930 is configured to support the first fluid path 2005, separating a central portion of the first
layer 1905 and the second layer 1910. The second manifold 1935 is configured to support
the second fluid path 2010, separating the second layer 1910 and the third layer 1915.

[00153] In other examples, a fourth layer (not shown) may be integrated to
form a third chamber configured to deliver instillation solution. The fourth layer may be
comprised of a material similar to either of the first layer 1905, the second layer 1910, or the
third layer 1915, for example. In some embodiments, the third chamber may have a volume
that is less than the volume of the first fluid path 2005, and may be less than half the volume

of the first fluid path 2005 in some examples.
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[00154] Alternatively, in some embodiments of the dressing interface 107, the
first fluid path 2005 and the second fluid path 2010 may be disposed side-by-side instead of
in a stacked relationship. A side-by-side configuration may be assembled with only two film
layers in some examples.

[00155] Figure 21 is a schematic section view of opposite ends of the dressing
interface 107 of Figure 19, illustrating additional details that may be associated with some
embodiments. As illustrated in Figure 21, the dressing interface 107 may comprise a first
port 2105 fluidly coupled to a proximal end of the first fluid path 2005 and a second port
2110 fluidly coupled to a proximal end of the second fluid path 2010. The first fluid path
2005 may be pneumatically isolated from the second fluid path 2010, except through the
second aperture 1925.

[00156] In use, the first port 2105 and the second port 2110 may be fluidly
coupled to the conduit 122 and the conduit 128, and the first aperture 1920 may be oriented to
face the dressing 102 or a tissue site to provide a means for pressure and fluid to be
communicated to and from a tissue site. As illustrated in the example of Figure 21, the
conduit 122 and the conduit 128 may be combined in the conduit 310, which may include the
adapter 210. For example, the first port 2105 may be fluidly coupled to the conduit 128 and
the second port 2110 may be fluidly coupled to the conduit 122 through the adapter 210.

[00157] In some examples, one or more of the first manifold 1930 and the
second manifold 1935 may additionally or alternatively comprise or consist essentially of a
layer substantially similar to the first layer 331, the second layer 332, or both, and may have
features substantially similar to the closed cells 340, the closed cells 350, or both. Figure 22,
for example, illustrates an embodiment of the dressing interface 107 in which the first
manifold 1930 is replaced by the second layer 332 of Figure 10. The first manifold 1930, the
second manifold 1935, or both may have open cells or raised blisters instead of or in addition
to closed cells.

[00158] In some embodiments, one or more of the first layer 1905, the second
layer 1910, and the third layer 1915 may additionally or alternatively comprise or consist
essentially of a layer substantially similar to the first layer 331, the second layer 332, or both.
In some examples, one or more of the first manifold 1930 and the second manifold 1935 may
be omitted if one or more of the first layer 1905, the second layer 1910, and the third layer
1915 are replaced with the first layer 331 or the second layer 332. Figure 23, for example,
illustrates an embodiment of the dressing interface 107 in which the third layer 1915 is

replaced by the first layer 331 and the second manifold 1935 is omitted. Figure 24 illustrates
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an example in which the first layer 1905, the second layer 1910, and the first manifold 1930
are replaced by the first layer 331 and the second layer 332.

[00159] Some embodiments of the therapy system 100 may overcome problems
associated with having a large head pressure in a closed pneumatic environment and the
problems associated with using a vent disposed on or adjacent the dressing. For example,
some embodiments of the therapy system 100 may resolve such problems by fluidly coupling
the therapeutic environment to a fluid regulator such as, for example, the regulator 118 in
Figure 1, through any one of the fluid pathways so that the fluid regulator is separated from
the dressing 102. For example, either one of the pressure-sensing pathways 334 or 338 may
be used as a fluid conductor between the therapeutic space and the regulator 118. In some
embodiments, the regulator 118 can maintain a substantially constant airflow and provide a
continuous flow of a mixture of wound fluids and ambient air into the canister. Moreover,
such embodiments can reduce the head pressure associated with the fluid conductors so that a
negative-pressure source can achieve the same target pressure with a lower supply pressure.
Such therapy systems utilizing a regulator such as the regulator 118 can increase safety and
reduce power requirements for generating the same target pressure. Such therapeutic systems
including airflow regulators can also facilitate detection of blockages in the fluid conductors
because erroneous blockages may be less likely to be confused with the elimination of a
systemic leak.

[00160] In some embodiments, the regulator 118 can provide a controlled airflow as
opposed to a constant airflow. The controller 110 may be programmed to periodically open
the regulator 118, which can allow ambient air to flow into the fluid pathway and the dressing
interface 107 for a predetermined duration of time and, consequently, provide a
predetermined volume of airflow into the pneumatic system. This feature can allow the
controller 110 to purge blockages that may develop in the fluid pathways or the recessed
space during operation. In some embodiments, the controller 110 may be programmed to
open the regulator 118 for a fixed period of time at predetermined intervals such as, for
example, for five seconds every four minutes to mitigate the formation of any blockages.

[00161] In some embodiments, the controller 110 may be programmed to open the
regulator 118 in response to a stimulus within the pneumatic system rather than, or in
addition to, being programmed to function on a predetermined therapy schedule. For
example, if a pressure sensor is not detecting pressure decay in the canister, this may be
indicative of a column of fluid forming in the fluid pathway or the presence of a blockage in

the fluid pathway. Likewise, the controller 110 may be programmed to recognize that an
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expected drop in canister pressure as a result of opening the regulator 118 may be an
indication that the fluid pathway is open. The controller 110 may be programmed to conduct
such tests automatically and routinely during therapy so that the patient or caregiver can be
forewarned of an impending blockage. The controller 110 may also be programmed to detect
a relation between the extent of the deviation in canister pressure resulting from the opening
of the regulator 118 and the volume of fluid with in the fluid pathway. For example, if the
pressure change within the container 112 is significant when measured, this could be an
indication that there is a significant volume of fluid within the fluid pathway. However, if the
pressure change within the container 112 is not significant, this could be an indication that the
plenum volume was larger.

[00162] The systems, apparatuses, and methods described herein may provide other
significant advantages. For example, when the first and second fluid conductors are
combined into a single fluid conductor as described above, the single fluid conductor may
simplify use of the system. Additionally, the single fluid conductor may be fluidly coupled
directly to the canister, allowing the user or caregiver to connect only one conductor to the
therapy system rather than two separate fluid conductors.

[00163] Another advantage is that disposable elements can be combined with the
mechanical elements in a variety of different ways to provide therapy. For example, in some
embodiments, the disposable and mechanical systems can be combined inline, externally
mounted, or internally mounted. Additionally, the applicator and the bridge of the dressing
interfaces described above may be formed as separate components that are coupled together
to form a single device. In yet other embodiments, the applicator and the bridge may be
separate components that may be used independently of each other as a single component in
the therapy system.

[00164] While shown in a few illustrative embodiments, a person having ordinary
skill in the art will recognize that the systems, apparatuses, and methods described herein are
susceptible to various changes and modifications. For example, certain features, elements, or
aspects described in the context of one example embodiment may be omitted, substituted, or
combined with features, elements, and aspects of other example embodiments. Moreover,
descriptions of various alternatives using terms such as “or” do not require mutual exclusivity
unless clearly required by the context, and the indefinite articles "a" or "an" do not limit the
subject to a single instance unless clearly required by the context. Components may be also
be combined or eliminated in various configurations for purposes of sale, manufacture,

assembly, or use. For example, in some configurations the dressing 102, the container 112,
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or both may be eliminated or separated from other components for manufacture or sale. In
other example configurations, the controller 110 may also be manufactured, configured,
assembled, or sold independently of other components.

[00165] The appended claims set forth novel and inventive aspects of the subject
matter described above, but the claims may also encompass additional subject matter not
specifically recited in detail. For example, certain features, elements, or aspects may be
omitted from the claims if not necessary to distinguish the novel and inventive features from
what is already known to a person having ordinary skill in the art. Features, elements, and
aspects described herein may also be combined or replaced by alternative features serving the
same, equivalent, or similar purpose without departing from the scope of the invention

defined by the appended claims.
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CLAIMS

1. An apparatus for managing fluid in a system for treating a tissue site, the apparatus
comprising:

a first layer including a polymeric film having an outer surface, an inner surface,
and a plurality of features extending from the inner surface;

a second layer including a polymeric film having an outer, tissue-facing surface
and an inner surface, the second layer coupled to the first layer and
covering the plurality of features to form an enclosed space between the
inner surface of the first layer and the inner surface of the second layer and
a plurality of flow channels within the enclosed space, the second layer
having an aperture open to the enclosed space and adapted to fluidly couple
the enclosed space to the tissue site;

a first wall coupled between the inner surface of the first layer and the inner
surface of the second layer, the first wall extending a length of the enclosed
space from the aperture to an opposite end, the first wall forming a first
fluid pathway and a second fluid pathway within the enclosed space in fluid
communication through the aperture; and

a port fluidly coupled to the first fluid pathway and the second fluid pathway.

2. The apparatus of claim 1, wherein the plurality of features are flexible.

3. The apparatus of claim 1, wherein the plurality of features is a plurality of blisters having

a closed end.

4. The apparatus of claim 3, wherein the plurality of blisters extend into the enclosed space.

5. The apparatus of claim 3, wherein the blisters have a volumetric shape that is any one of a

hemispherical, conical, or cylindrical.

6. The apparatus of claim 3, wherein the blisters have a volumetric shape that is generally

tubular.
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10.

11.

12.

13.

14.

15.

16.

17.

The apparatus of claim 6, wherein the blisters have a circular base having an average

diameter between about 1 mm and about 10 mm.

The apparatus of claim 6, wherein the blisters have an average height between about 2

mm and about 5 mm.

The apparatus of claim 6, wherein the blisters have an average pitch between about 1 mm

and about 10 mm between adjacent closed cells.

The apparatus of claim 3, wherein the polymeric film is any one taken from a group
consisting of high density polyethylene, low density polyethylene, and linear low density
polyethylene, and polyurethane.

The apparatus of claim 3, wherein the polymeric film is polyurethane having a thickness

between about 400 pm and about 600 pum.

The apparatus of claim 3, wherein the polymeric film is polyurethane having a thickness

of about 500 um.

The apparatus of claim 3, wherein the polymeric film is polyurethane having a yield

strength greater than about 10 MPa.

The apparatus of claim 3, wherein the polymeric film is polyurethane having an average
thickness of about 500 um and wherein the blisters have a draw ratio ranging from about

4:1 to about 10:1.

The apparatus of claim 3, wherein the polymeric film is polyurethane having an average
thickness of about 400 pm and wherein the closed cells have a draw ratio ranging from

about 5:1 to about 13:1.

The apparatus of claim 3, wherein the polymeric film is polyurethane having an average
thickness of about 600 um and wherein the blisters have a draw ratio ranging from about

3:1 to about 9:1.

The apparatus of claim 1, wherein the second layer and the plurality of features form a

plurality of closed cells.
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18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

The apparatus of claim 17, wherein the closed cells have an internal pressure greater than

atmospheric pressure.

The apparatus of claim 17, wherein the closed cells have an internal pressure less than

about 25 psi above atmospheric pressure.

The apparatus of claim 1, wherein the first layer and the second layer are transparent.

. The apparatus of claim 1, wherein the first layer and the second layer are translucent.

The apparatus of claim 1, wherein the second layer includes a plurality of features

extending into the enclosed space.

The apparatus of claim 1, wherein the port comprises a first port coupled to the first fluid

pathway and adapted to be fluidly coupled to a source of negative pressure.

The apparatus of claim 23, wherein the port further comprises a second port coupled to

the second fluid pathway and adapted to be fluidly coupled to a pressure sensor.

The apparatus of claim 23, wherein the port further comprises a second port coupled to

the second fluid pathway and adapted to be fluidly coupled to a source of fluids.

The apparatus of claim 1, further comprising a second wall between the inner surface of
the first layer and the inner surface of the second layer to form a third fluid pathway

within the enclosed space in fluid communication with the open space.

The apparatus of claim 26, wherein the port comprises a first port coupled to the first

fluid pathway and adapted to be fluidly coupled to a source of negative pressure.

The apparatus of claim 27, wherein the port further comprises a second port coupled to
the second fluid pathway and a third port coupled to the third fluid pathway, wherein both

the second port and the third port are adapted to be fluidly coupled to a pressure sensor.

The apparatus of claim 1, further comprising a fluid fitting adapted to fluidly couple the

first port to a first fluid conductor.

The apparatus of claim 29, wherein the first fluid conductor comprises: a first conductor
coupled to the first fluid pathway, and a second conductor coupled to the second fluid

pathway.
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31

32.

33.

34.

35.

36.

37.

The apparatus of claim 30, wherein the first conductor is adapted to be coupled to a
source of negative pressure, and the second conductor is adapted to be coupled to a

pressure sensor.

The apparatus of claim 30, wherein the first fluid conductor is a conduit and the first

conductor and the second conductor are lumens within the conduit.

The apparatus of claim 1, wherein the first layer and the second layer are elongated
shapes having the aperture formed at a distal end of the apparatus and the port and formed

at a proximal end of the apparatus.

The apparatus of claim 33, wherein the first layer and the second layer comprise a bridge
portion between the distal end and the proximal end wherein the distal end is wider than

the bridge portion.
The apparatus of claim 1, wherein there is no foam in the enclosed space.
The apparatus of claim 1, wherein there is no absorbent in the enclosed space.

The apparatus of claim 1, wherein the first fluid pathway and the second fluid pathway

are open.
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