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SYSTEM AND METHODS FOR THE TREATMENT OF WOUNDS WITH DRESSING
HAVING CLOSED CELLS

RELATED APPLICATION

[0001] This application claims the benefit, under 35 USC 119(e), of the filing of U.S.
Provisional Patent Application No. 62/275,595, entitled “Systems and Methods for the Treatment
of Wounds with Dressing Having Closed Cells,” filed 06 January 2016, 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 treating wounds with negative
pressure and instillation utilizing a dressing having closed cells and perforations in a negative-

pressure and instillation therapy environment.

BACKGROUND

[0003]  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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[0004] "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, 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. Moreover,
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.

[0005] Wound dressings may include a foam or fibrous manifold covered by a drape
that forms a seal over the tissue site so that the manifold can distribute negative pressure and
instill fluids to the tissue site. The structure of such manifolds may also generate macro and
micro strains at the tissue site to enhance granulation. Such manifolds often must be left at the
tissue site for several days or more and consequently must be removed when they become
clogged with tissue ingrowth and exudates from the tissue site. Before such manifolds are
replaced, every piece of such manifolds must be completely removed so that the tissue site does
not become contaminated with infection. Once the manifold is removed, a fresh manifold is

disposed at the tissue site to continue therapy.
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BRIEF SUMMARY

[0006] New and useful systems, apparatuses, and methods for treating wounds that
utilize dressings having closed cells and perforations or apertures in a negative-pressure and
instillation therapy environment are set forth in the appended claims. Illustrative embodiments
are also provided to enable a person skilled in the art to make and use the claimed subject matter.

[0007]  For example, in some embodiments, instillation and negative pressure therapy
systems and methods are especially effective for improving tissue granulation when used in
conjunction with a sheet of closed cells formed from polymeric sheets and joined by a sealed
region including perforations or apertures extending through the seals. A number of different
textures and shapes also may be formed on the sheets of closed cells that would face the tissue
site to further improve granulation when used with instillation and negative pressure therapy.
Such a polymeric structure significantly reduces tissue ingrowth and does not shed fibers or
particulates when shaped for positioning at a tissue site or removed from a tissue site.

[0008] More specifically, in one example embodiment, a system for treating a tissue
site may comprise a manifold including a non-porous film having a plurality of closed cells
defined by a sealed region perforated with apertures extending through the seals, wherein the
manifold is adapted to contact the tissue site. The system may further comprise a cover adapted
to provide a fluid seal between a therapeutic environment including the manifold proximate one
side of the cover and a local external environment on the other side of the cover. In one
embodiment, the plurality of closed cells is adapted to form distal channels with the cover and
the apertures are adapted to provide fluid communication between the distal channels and the
tissue site. The system may further comprise a negative-pressure source fluidly coupled to the
therapeutic environment and adapted to provide negative pressure through the distal channels
and the apertures to the tissue site.

[0009]  Alternatively, in another example embodiment, a method for treating a tissue
site is disclosed comprising positioning a manifold including a non-porous film having a
plurality of closed cells defined by a sealed region perforated with apertures extending through
the seals to contact the tissue site. The method may further comprise covering the manifold and
the tissue site with a drape to provide a fluid seal between a therapeutic environment including

the manifold proximate one side of the drape and a local external environment the other side of
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the drape. The method may further comprise forming distal channels between the plurality of
closed cells and the drape wherein the apertures are adapted to provide fluid communication
between the distal channels and the tissue site. The method may further comprise providing
negative pressure from a negative-pressure source coupled to the therapeutic environment
wherein the negative pressure is applied through the distal channels and the apertures to the
tissue site.

[0010]  Alternatively, in another example embodiment, a dressing for treating a tissue
site is disclosed comprising a manifold including a non-porous film having a plurality of closed
cells defined by a sealed region perforated with apertures extending through the seals, wherein
the manifold is adapted to contact the tissue site. The dressing may further comprise a cover
adapted to provide a fluid seal between a therapeutic environment including the manifold
proximate one side of the cover and a local external environment on the other side of the cover.
As such, the plurality of closed cells may be adapted to form distal channels with the cover and
the apertures are adapted to provide fluid communication between the distal channels and the
tissue site. The therapeutic environment is adapted to receive negative pressure that is applied
through the distal channels and the apertures to the tissue site.

[0011] In another example embodiment, a dressing may include a non-porous
manifold covered by a drape that forms a seal over the tissue site so that the manifold can
distribute negative pressure and instill fluids to the tissue site. The structure of such manifolds
may also generate macro and micro strains at the tissue site to enhance granulation. Such
manifolds may be left at the tissue site for several days or more and often must be removed when
they become clogged with tissue ingrowth and exudates from the tissue site. It is desirable to
reduce the amount of tissue ingrowth that may cause pain or discomfort when the manifold is
removed from the tissue site after the negative pressure and instillation therapies have been
applied for several days or more. It is also desirable to reduce the amount of remnants from a
manifold structure that may be left at the tissue site when removed, particularly for tissue sites
that granulate quickly, for manifold structures left at the tissue site for three days or more, and/or
for manifold material that tends to shed or release particles into the tissue site. It is also desirable
to use a manifold structure that is able to generate macro and micro strains at a tissue site to
enhance granulation without significant tissue ingrowth or shedding remnants of material when

removed.
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[0012] In another example embodiment, a manifold for treating a tissue site may be
used in a dressing wherein the manifold comprises a first sheet of non-porous polymeric film and
a second sheet of non-porous polymeric film sealed to the first sheet of non-porous polymeric
film forming a sealed region between the first sheet and the second sheet. The manifold further
comprises a plurality of closed cells formed in at least one of the first sheet and the second sheet,
wherein the closed cells each have a base defined by the sealed region. The manifold also
comprises a plurality of apertures perforating the sealed region to provide fluid flow through the
first sheet and the second sheet. The manifold is adapted to be positioned and sealed at the tissue
site by a cover that forms distal channels with the closed cells and the sealed space for receiving
and distributing fluids to the tissue site through the apertures. The manifold is a single
component comprising a plurality of closed cells separated by a sealed region, and apertures
extending through the sealed region such that the manifold provides both a manifold function
and a filler function when positioned between the tissue site and the cover.

[0013]  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.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014]  Figure 1 is a schematic cross-section of an example embodiment of a negative-
pressure and instillation therapy system for delivering treatment solutions to a dressing
comprising a manifold disposed at a tissue site for delivering negative pressure and treatment
solutions to the tissue site;

[0015] Figure 1A is a functional block diagram of an example embodiment of a
therapy system of Figure | that can deliver treatment solutions in accordance with this
specification;

[0016] Figure 2A is a graph illustrating an illustrative embodiment of pressure control
modes for the negative-pressure and instillation therapy system of Figures 1 and 1A wherein the
X-axis represents time in minutes (min) and/or seconds(sec) and the y-axis represents pressure
generated by a pump in Torr (mmHg) that varies with time in a continuous pressure mode and an
intermittent pressure mode that may be used for applying negative pressure in the therapy
system;

[0017]  Figure 2B is a graph illustrating an illustrative embodiment of another pressure
control mode for the negative-pressure and instillation therapy system of Figures 1 and 1A
wherein the x-axis represents time in minutes {min) and/or seconds(sec) and the y-axis represents
pressure generated by a pump in Torr (mmHg) that varies with time in a dynamic pressure mode
that may be used for applying negative pressure in the therapy system;

[0018] Figure 3 is a flow chart showing an illustrative embodiment of a therapy
method for providing negative-pressure and instillation therapy for delivering treatment solutions
to a dressing at a tissue site;

[0019]  Figure 4 is a plan view of a first embodiment of a sheet of closed cells formed
from a web of nonporous, polymeric film that may be used as a manifold in the negative-
pressure and instillation therapy system of Figures 1 and 1A;

[0020] Figure 4Al is a cross-sectional view taken along line 4A--4A in Figure 4 of a
first embodiment of closed cells;

[0021] Figure 4A2 is a cross-sectional view taken along line 4A--4A in Figure 4 of a

second embodiment of closed cells;
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[0022]  Figure 4A3 is a cross-sectional view taken along line 4A--4A in Figure 4 of a
third embodiment of closed cells;

[0023] Figure 4B is a rear view of the sheet of closed cells shown in Figure 4
including nodes projecting from the sheet;

[0024] Figure 4C is a rear view of the sheet of closed cells shown in Figure 4
including a textured pattern projecting from the sheet;

[0025] Figure 5 is a plan view of a second embodiment of a sheet of closed cells
formed from a web of nonporous, polymeric film that may be used as a manifold in the negative-
pressure and instillation therapy system of Figures 1 and 1A;

[0026] Figure SAl is a cross-sectional view taken along line SA--5A in Figure 5 of a
first embodiment of closed cells;

[0027]  Figure 5SA2 is a cross-sectional view taken along line SA--5A in Figure 5 of a
second embodiment of closed cells;

[0028] Figure 5A3 is a cross-sectional view taken along line SA--5A in Figure 5 of a
third embodiment of closed cells;

[0029]  Figure 6 is a plan view of a third embodiment of a sheet of closed cells formed
from a web of nonporous, polymeric film that may be used as a manifold in the negative-
pressure and instillation therapy system of Figures 1 and 1A;

[0030] Figure 7 is a plan view of a fourth embodiment of a sheet of closed cells
formed from a web of nonporous, polymeric film that may be used as a manifold in the negative-
pressure and instillation therapy system of Figures 1 and 1A;

[0031] Figure 8 is a schematic cross-section of the cover and manifold of the negative-
pressure and instillation therapy system of Figures 1 and 1A for delivering negative pressure and
treatment solutions, wherein the manifold is the manifold of Figure 4A1;

[0032] Figure 9 is a schematic cross-section of the cover and manifold of the negative-
pressure and instillation therapy system of Figures 1 and 1A for delivering negative pressure and
treatment solutions, wherein the manifold is the manifold of Figure 4A3;

[0033] Figures 10A and 10B are both are charts that illustrate the negative pressure
variations (mmHg) over time (minutes) provided to the manifold of Figure 9 as compared to
pressure measurements at the (i) bottom of the tissue site, (ii) the short side edge of the tissue

site, and (iii) the long side edge of the tissue site;
7



WO 2017/119996 PCT/US2016/066392

[0034] Figure 11 is a schematic cross-section of the cover and manifold of the
negative-pressure and instillation therapy system of Figures 1 and 1A for delivering negative
pressure and treatment solutions, wherein the manifold is a multilayer structure comprising five
layers of the manifold of Figure 4A3; and

[0035]  Figure 12 is a chart illustrating two graphs of the load in newtons (N), i.e., the
apposition force, being applied to a tissue site by negative pressure via the manifolds of Figures
9 and 11 with the negative pressure cycling on and off intermittently, one minute on and one

minute off, including three cycles each of 125 mmHg and 200 mmHg during the on cycles.
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DESCRIPTION OF EXAMPLE EMBODIMENTS

[0036] 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.

[0037] 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 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.

[0038] As used herein, the words “preferred” and “preferably” refer to
embodiments of the technology that afford certain benefits, under certain circumstances.
However, other embodiments may also be preferred, under the same or other circumstances.
Furthermore, the recitation of one or more preferred embodiments does not imply that other
embodiments are not useful and is not intended to exclude other embodiments from the scope of
the technology.

[0039] The present technology also provides negative pressure therapy devices and
systems, and methods of treatment using such systems with antimicrobial solutions. Figure 1 is a
schematic diagram of an example embodiment of a negative-pressure and instillation therapy
system for delivering treatment solutions to a dressing at a tissue site. Figure 1A 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. The therapy system 100 may be packaged as a single, integrated unit such as
therapy system 101. The therapy system 101 may be, for example, a V.A.C. Ulta™ System
available from Kinetic Concepts, Inc. of San Antonio, Texas.

[0040] 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
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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.

[0041] The therapy system 100 may include negative-pressure supply, and may
include or be configured to be coupled to a distribution component, such as a dressing. In
general, a distribution component may refer to any complementary or ancillary component
configured to be fluidly coupled to a negative-pressure supply in a fluid path 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 may be fluidly coupled to a
negative-pressure source 104, as illustrated in Figure 1A. A dressing may include a cover, a
tissue interface, or both in some embodiments. The dressing 102, for example, may include a
cover 106 and a tissue interface 108. A regulator or a controller, such as a controller 110, may
also be coupled to the negative-pressure source 104. 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.

[0042] The therapy system 100 may also include a source of instillation solution. For
example, a solution source 114 may be fluidly coupled to the dressing 102, as illustrated in the
example embodiment of Figure 1. The solution source 114 may be fluidly coupled to a positive-
pressure source such as the positive-pressure source 116 in some embodiments, or may be fluidly
coupled to the negative-pressure source 104. A regulator, such as an instillation regulator 118,
may also be fluidly coupled to the solution source 114 and the dressing 102. In some
embodiments, the instillation regulator 118 may also be fluidly coupled to the negative-pressure
source 104 through the dressing 102, as illustrated in the example of Figure 1. In some
embodiments, the negative-pressure source 104 and the positive-pressure source 116 may be a
single pressure source or unit as indicated by dashed line 119.

[0043]  Additionally, the therapy system 100 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

pressure sensor 120, an electric sensor 122, or both, coupled to the controller 110. The pressure
10
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sensor 120 may also be coupled or configured to be coupled to a distribution component and to
the negative-pressure source 104.

[0044] Components may be fluidly coupled to each other to provide a path for
transferring fluids (i.e., liquid and/or gas) between the components. For example, components
may be fluidly coupled through a fluid conductor, such as a tube. A "tube," as used herein,
broadly includes a tube, pipe, hose, conduit, or other structure with one or more lumina adapted
to convey a fluid between two ends. Typically, a tube is an elongated, cylindrical structure with
some flexibility, but the geometry and rigidity may vary. In some embodiments, 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. Moreover, some fluid conductors may be molded into
or otherwise integrally combined with other components. 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.

[0045] 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 tissue interface 108 of the dressing 102
through the container 112 by conduits 126 and 128. Additionally, the positive-pressure source
116 may be directly coupled to the controller 110, and may be indirectly coupled to the tissue
interface 108 through the solution source 114 and the instillation regulator 118 by conduits 132,
134 and 138.

[0046] 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.

[0047] 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 negative
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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.

[0048] “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).

[0049] 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 be housed within or used in conjunction with other components, such as
sensors, 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 therapy system 101. 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.

[0050] 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
12
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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 projections or an
uneven, course, or jagged profile that can induce strains and stresses on a tissue site, which can
promote granulation at the tissue site.

[0051] In some embodiments, the tissue interface 108 may be a manifold 140. 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. 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
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.

[0052] The tissue interface 108 may be either hydrophobic or hydrophilic. Examples
of hydrophilic materials include polyvinyl alcohol and polyether. The tissue interface 108 may
exhibit hydrophilic characteristics and include hydrophobic foams that have been treated or
coated to provide hydrophilic characteristics. 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 micro-strains and stresses at a tissue site when negative pressure is
applied through the tissue interface 108 such as, for example, protrusions or other regular or
irregular shapes.

[0053] 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
13
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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 be, 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 300 g/m2 per twenty-four hours in some embodiments.
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 maintained.

[0054] An attachment device, such as an attachment device 142, 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.

[0055] 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 interface 144, which
may include an elbow port 146. In one illustrative embodiment, the negative-pressure interface
144 is a T.R.A.C.® Pad or Sensa T.R.A.C.® Pad available from KCI of San Antonio, Texas. The
negative-pressure interface 144 allows the negative pressure to be delivered to the cover 106 and
realized within an interior portion of the cover 106 and the manifold 140. In this illustrative,
non-limiting embodiment, the elbow port 146 extends through the cover 106 to the manifold 140,
but numerous arrangements are possible.

[0056] Therapy system 100 may also include a second interface that may facilitate
coupling of the positive-pressure source 116 to the dressing 102, such as fluid-delivery interface

148. The positive pressure provided by the positive-pressure source 116 may be delivered
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through the conduit 138. The fluid-delivery interface 148 also may be fluidly coupled to the
dressing 102 and may pass through a hole cut in the cover 106. The hole cut in the cover 106 for
the fluid-delivery interface 148 may be separated from its location or other hole cut in the cover
106 through which the negative-pressure interface 144 may pass. The fluid-delivery interface
148 may allow for a fluid, such as an antimicrobial solution of the present technology, to be
delivered by the therapy system 100 through the cover 106 and to the manifold 140. In some
embodiments, the fluid-delivery interface 148 may include an inlet pad. The inlet pad may be a
material that is not sound-absorbing. In some embodiments, the inlet pad may be an elastomer.
For example, the inlet pad may be an elastic polymer, such as polyurethane, thermoplastic
elastomers, polyether block amide (PEBAX), polyisoprene, polychloroprene, chlorosulphonated
polythene, and polyisobutylene, blends and copolymers. In one illustrative embodiment, the
fluid-delivery interface 148 and the negative-pressure interface 144 may be integrated into a
single pad for the delivery and removal of solutions from the tissue site 150, such as a V.A.C.
Vera T.R.A.C.™ Pad available from Kinetic Concepts, Inc. of San Antonio, Texas.

[0057] 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 directly or indirectly control one or more operating parameters of the
therapy system 100. Operating parameters may include 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, for example. The controller 110 is also preferably
configured to receive one or more input signals, such as a feedback signal, and programmed to
modify one or more operating parameters based on the input signals.

[0058] Sensors, such as the pressure sensor 120 or the electric sensor 122, 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 pressure sensor 120 and the electric
sensor 122 may be configured to measure one or more operating parameters of the therapy
system 100. In some embodiments, the pressure sensor 120 may be a transducer configured to

measure pressure in a pneumatic pathway and convert the measurement to a signal indicative of
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the pressure measured. In some embodiments, for example, the pressure sensor 120 may be a
piezoresistive strain gauge. The electric sensor 122 may optionally measure operating
parameters of the negative-pressure source 104, such as the voltage or current, in some
embodiments. Preferably, the signals from the pressure sensor 120 and the electric sensor 122
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, but
may be represented in other forms, such as an optical signal.

[0059] The container 112 is representative of a container, canister, pouch, or other
storage component, which can be used to 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.

[0060] The solution source 114 may also be representative of a container, canister,
pouch, bag, or other storage component, which can provide a solution for instillation therapy.
The solutions for instillation therapy may comprise antimicrobial solutions that vary according to
a prescribed therapy. In other embodiments, methods may further comprise administration of
other therapeutic solutions. Examples of such other 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 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.

[0061] In operation, the tissue interface 108 may be placed within, over, on, or
otherwise proximate to a tissue site, such as tissue site 150. The cover 106 may be placed over
the tissue interface 108 and sealed 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 Ssite,
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
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tissue site 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.

[0062] As discussed above, the tissue site 150 may include, without limitation, any
irregularity with a tissue, such as an open wound, surgical incision, or diseased tissue. 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. The tissue site 150 may be the bodily tissue of any human, animal, or other
organism, including bone tissue, adipose tissue, muscle tissue, dermal tissue, vascular tissue,
connective tissue, cartilage, tendons, ligaments, or any other tissue. 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. The wound 152 may include undesirable tissue 160, biofilm 162 formed
on any living or nonliving surface of the dressing 102 or the tissue site 150, and planktonic
microbes 164 floating or swimming in liquid medium in and around the dressing 102. The
therapy system 100 may be used in broader contexts, including with any type of tissue site
including wounds, defects, or other treatment target located on or within living or nonliving
tissue.

[0063] In one embodiment, controller 110 receives and processes data, such as data
related to the pressure distributed to the tissue interface 108 from the pressure sensor 120. The
controller 110 may also control the operation of one or more components of therapy system 100
to manage the pressure distributed to the tissue interface 108 for application to the wound 152 at
the tissue site 150, which may also be referred to as the wound pressure (WP). In one
embodiment, controller 170 may include an input for receiving a desired target pressure (TP) set
by a clinician or other user and may be program for processing data relating to the setting and
inputting of the target pressure (TP) to be applied to the tissue site 150. In one example
embodiment, the target pressure (TP) may be a fixed pressure value determined by a
user/caregiver as the reduced pressure target desired for therapy at the tissue site 150 and then

provided as input to the controller 110. The user may be a nurse or a doctor or other approved
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clinician who prescribes the desired negative pressure to which the tissue site 150 should be
applied. The desired negative pressure may vary from tissue site to tissue site based on the type
of tissue forming the tissue site 150, the type of injury or wound 152 (if any), the medical
condition of the patient, and the preference of the attending physician. After selecting the desired
target pressure (TP), the negative-pressure source 104 is controlled to achieve the target pressure
(TP) desired for application to the tissue site 150.

[0064] Referring more specifically to Figure 2A, a graph illustrating an illustrative
embodiment of pressure control modes 200 that may be used for the negative-pressure and
instillation therapy system of Figures 1 and 1A is shown wherein the x-axis represents time in
minutes (min) and/or seconds (sec) and the y-axis represents pressure generated by a pump in
Torr (mmHg) that varies with time in a continuous pressure mode and an intermittent pressure
mode that may be used for applying negative pressure in the therapy system. The target pressure
(TP) may be set by the user in a continuous pressure mode as indicated by solid line 201 and
dotted line 202 wherein the wound pressure (WP) is applied to the tissue site 150 until the user
deactivates the negative-pressure source 104. The target pressure (TP) may also be set by the
user in an intermittent pressure mode as indicated by solid lines 201, 203 and 205 wherein the
wound pressure (WP) is cycled between the target pressure (TP) and atmospheric pressure. For
example, the target pressure (TP) may be set by the user at a value of 125 mmHg for a specified
period of time (e.g., 5 min) followed by the therapy being turned off for a specified period of
time (e.g., 2 min) as indicated by the gap between the solid lines 203 and 205 by venting the
tissue site 150 to the atmosphere, and then repeating the cycle by turning the therapy back on as
indicated by solid line 205 which consequently forms a square wave pattern between the target
pressure (TP) level and atmospheric pressure.

[0065] In some example embodiments, the decrease in the wound pressure (WP) at the
tissue site 150 from ambient pressure to the target pressure (TP) is not instantaneous, but rather
gradual depending on the type of therapy equipment and dressing being used for the particular
therapy treatment. For example, the negative-pressure source 104 and the dressing 102 may
have an initial rise time as indicated by the dashed line 207 that may vary depending on the type
of dressing and therapy equipment being used. For example, the initial rise time for one therapy
system may be in the range between about 20-30 mmHg/second or, more specifically, equal to

about 25 mmHg/second, and in the range between about 5-10 mmHg/second for another therapy
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system. When the therapy system 100 is operating in the intermittent mode, the repeating rise
time as indicated by the solid line 205 may be a value substantially equal to the initial rise time
as indicated by the dashed line 207.

[0066] The target pressure may also be a variable target pressure (VTP) controlled or
determined by controller 110 that varies in a dynamic pressure mode. For example, the variable
target pressure (VTP) may vary between a maximum and minimum pressure value that may be
set as an input determined by a user as the range of negative pressures desired for therapy at the
tissue site 150. The variable target pressure (VTP) may also be processed and controlled by
controller 110 that varies the target pressure (TP) according to a predetermined waveform such
as, for example, a sine waveform or a saw-tooth waveform or a triangular waveform, that may be
set as an input by a user as the predetermined or time-varying reduced pressures desired for
therapy at the tissue site 150.

[0067] Referring more specifically to Figure 2B, a graph illustrating an illustrative
embodiment of another pressure control mode for the negative-pressure and instillation therapy
system of Figures 1 and 1A is shown wherein the x-axis represents time in minutes (min) and/or
seconds (sec) and the y-axis represents pressure generated by a pump in Torr (mmHg) that varies
with time in a dynamic pressure mode that may be used for applying negative pressure in the
therapy system. For example, the variable target pressure (VTP) may be a reduced pressure that
provides an effective treatment by applying reduced pressure to tissue site 150 in the form of a
triangular waveform varying between a minimum and maximum pressure of 50-125 mmHg with
a rise time 212 set at a rate of +25 mmHg/min. and a descent time 211 set at -25 mmHg/min,
respectively. In another embodiment of the therapy system 100, the variable target pressure
(VTP) may be a reduced pressure that applies reduced pressure to tissue site 150 in the form of a
triangular waveform varying between 25-125 mmHg with a rise time 212 set at a rate of +30
mmHg/min and a descent time 211 set at -30 mmHg/min. Again, the type of system and tissue
site determines the type of reduced pressure therapy to be used.

[0068] Figure 3 is a flow chart illustrating an illustrative embodiment of a therapy
method 300 that may be used for providing negative-pressure and instillation therapy for
delivering an antimicrobial solution or other treatment solution to a dressing at a tissue site. In
one embodiment, the controller 110 receives and processes data, such as data related to fluids

provided to the tissue interface. Such data may include the type of instillation solution prescribed
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by a clinician, the volume of fluid or solution to be instilled to the tissue site (“fill volume”), and
the amount of time needed to soak the tissue interface (“soak time”’) before applying a negative
pressure to the tissue site. The fill volume may be, for example, between 10 and 500 mL, and the
soak time may be between one second to 30 minutes. The controller 110 may also control the
operation of one or more components of the therapy system 100 to manage the fluids distributed
from the solution source 114 for instillation to the tissue site 150 for application to the wound
152 as described in more detail above. In one embodiment, fluid may be instilled to the tissue
site 150 by applying a negative pressure from the negative-pressure source 104 to reduce the
pressure at the tissue site 150 to draw the instillation fluid into the dressing 102 as indicated at
302. In another embodiment, fluid may be instilled to the tissue site 150 by applying a positive
pressure from the negative-pressure source 104 (not shown) or the positive-pressure source 116
to force the instillation fluid from the solution source 114 to the tissue interface 108 as indicated
at 304. In yet another embodiment, fluid may be instilled to the tissue site 150 by elevating the
solution source 114 to height sufficient to force the instillation fluid into the tissue interface 108
by the force of gravity as indicated at 306. Thus, the therapy method 300 includes instilling fluid
into the tissue interface 108 by either drawing or forcing the fluid into the tissue interface 108 as
indicated at 310.

[0069] The therapy method 300 may control the fluid dynamics of applying the fluid
solution to the tissue interface 108 at 312 by providing a continuous flow of fluid at 314 or an
intermittent flow of fluid for soaking the tissue interface 108 at 316. The therapy method 300
may include the application of negative pressure to the tissue interface 108 to provide either the
continuous flow or intermittent soaking flow of fluid at 320. The application of negative pressure
may be implemented to provide a continuous pressure mode of operation at 322 as described
above to achieve a continuous flow rate of instillation fluid through the tissue interface 108 or a
dynamic pressure mode of operation at 324 as described above to vary the flow rate of
instillation fluid through the tissue interface 108. Alternatively, the application of negative
pressure may be implemented to provide an intermittent mode of operation at 326 as described
above to allow instillation fluid to soak into the tissue interface 108 as described above. In the
intermittent mode, a specific fill volume and the soak time may be provided depending, for
example, on the type of wound 152 being treated and the type of dressing 102 being utilized to

treat the wound 152. After or during instillation of fluid into the tissue interface 108 has been
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completed, the therapy method 300 may begin may be utilized using any one of the three modes
of operation at 330 as described above. The controller 110 may be utilized to select any one of
these three modes of operation and the duration of the negative pressure therapy as described
above before commencing another instillation cycle at 340 by instilling more fluid at 310.

[0070] In some illustrative embodiments, the manifold 140 may comprise two sheets of
non-porous, polymeric film having inner surfaces coupled together to form sealed regions
defining a plurality of closed cells. When the manifold 140 is positioned at the tissue site and
negative pressure is applied as described above, the closed cells formed by the non-porous,
polymeric film do not completely collapse from apposition forces resulting from the application
of negative pressure or instillation fluid to the manifold 140 and the tissue site. The two sheets
of non-porous, 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 non-porous,
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 non-porous, polymeric film also may be a monolayer or multilayer
structure depending on the application or the desired structure of the closed cells.

[0071] The sheets of non-porous, polymeric film 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 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 C; to Cy alpha-olefins, such as 1-butene, 1-pentene,
I-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.
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[0072] As indicated above, it is desirable that the closed cells formed by the non-
porous, polymeric film are resistant to collapsing from the negative pressure or instillation fluid
when either one is applied to the manifold 140 and the tissue site. In one embodiment, the
polymeric film possesses sufficient tensile strength to resist stretching under the apposition
forces created by negative pressure wound 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, the yield strength of HDPE ranges from 26-33 MPa which has a UTS of 37 MPa,
while LDPE has somewhat lower values. Therefore, in some example embodiments, it is
desirable that the non-porous, polymeric film has a yield strength greater than about 20 MPa. For
example, rubber has a yield strength and a UTS of only 16 MPa and consequently is extremely
stretchable and susceptible to breaking with the application on little pressure.

[0073] Referring more specifically to Figures 4 and 4Al1-4A3, one example
embodiment of the manifold 140 is a manifold 400 that comprises two sheets of non-porous,
polymeric film, sheet 402 and sheet 403, having inner surfaces coupled to each other to form a
sealed region 406 defining a plurality of closed cells 404. The inner surfaces may be coupled to
each other to form closed cells 404 that are substantially airtight to inhibit excessive collapsing
of the closed cells from the application of negative pressure which could block the flow of fluid
through the manifold. In one example embodiment, the sealed region 406 may be formed by a
heat seal between the inner surfaces of the sheets 402 and 403. In another example embodiment,
the sealed region 406 may be formed by adhesion between the sheets 402 and 403.

Alternatively, sheets 402 and 403 may be adhesively bonded to each other. The closed cells 404
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may be substantially airtight when formed and have an internal pressure that is substantially an
ambient pressure. In another example embodiment, the closed cells 404 may be inflated with air
or other suitable gases such as, for example, carbon dioxide or nitrogen. The closed cells 404
may be inflated to have an internal pressure greater than the atmospheric pressure to maintain
their shape and resistance to collapsing under pressure. For example, the closed cells 404 may
be inflated to a pressure up to about 25 psi above the atmospheric pressure so that they do not
collapse as described above.

[0074] The sealed region 406 comprises sealed segments between the closed cells 404
that may be flexible enough so that the manifold 400 is sufficiently flexible to conform to the
shape the tissue site. The sealed segments may be sufficiently flexible or sized so that the
manifold 400 may be folded into two or more layers that are positioned at the tissue site to
provide optimal negative pressure and instillation therapy to the tissue site as described in more
detail below. The sealed segments of the sealed region 406 serve as common boundaries
between adjacent closed cells 404. The sealed segments of the sealed region 406 may also be
perforated to provide pathways for fluids to flow through the manifold 400. In one example
embodiment, the sealed region 406 may include a plurality of apertures 405 that are formed
between the closed cells 404 in the sealed region 406 and extend through both of the sheets 402
and 403 to permit fluids to flow through the manifold 400. The number of apertures may vary
depending on the type of negative pressure and instillation therapy to provide an by the system as
described in more detail above. The apertures may have different shapes such as, for example,
circular, elliptical, or rectangular, or other irregular shape. Such apertures may have a diameter,
major axis, or length between about 0.5 mm and 1.5 mm. In another example embodiment, the
apertures may be formed by a slit cut through segments of the sealed region 406.

[0075] The sealed region 406 may define the base or the cross-sectional shape of the
closed cells 404 as being generally circular as shown, but in other embodiments may define the
base as being a rectangular or triangular shape, hexagonal, or other geometric or an irregular
shape. The closed cells 404 may be formed with a volumetric shape corresponding to the cross-
sectional shape of the closed cells 404. For example, the volumetric shape may be generally
hemispherical or spherical in shape as shown. In other example embodiments, the closed cells
404 may be formed with a volumetric shape that is generally conical, cylindrical, tubular having

a flattened or hemispherical end, or geodesic shape. The closed cells 404 that are generally
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hemispherical or spherical in shape may have a diameter between about 0.5 mm and 10 mm. The
closed cells 404 also may have a pitch, i.e., the center to center distance between each of the
closed cells 404, between about 1.5 mm and 15 mm. Because the sealed region 406 defines the
base of the closed cells 404 including the diameter of a circular base and the pitch of adjacent
closed cells 404, the surface area of the manifold 400 covered by the closed cells 404 may also
be determined as a percentage, i.e., the cell coverage percentage. In one example embodiment
wherein the diameter of the closed cells 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 manifold 400. In another
example embodiment wherein the diameter of the closed cells 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 manifold
400. In yet another example embodiment wherein the diameter of the closed cells 404 is about
1.0 mm and the pitch is about 1.5 mm, the cell coverage percentage is about 30% of the surface
area of the manifold 400. In still another example embodiment wherein the diameter of the
closed cells 404 is about 1.5 mm, the pitch is about 2.0 mm, and the closed cells 404 are more
tightly arranged such that there are about 28.5 cells in a 10 mm? section of the manifold 400, the
cell coverage percentage is about 51% of the surface area of the manifold 400. Depending on the
diameter, pitch, and arrangement of the closed cells 404, the cell coverage percentage may range
between about 10% and about 55% of the surface area of a manifold. Closed cells 404 having
other base shapes or volumetric shapes also may have a cell coverage percentage in generally the
same range.

[0076] As indicated above, embodiments of the closed cells 404 may have volumetric
shapes including hemispherical shapes, spherical shapes, conical shapes, cylindrical shapes, or
tubular shapes formed with a flattened or hemispherical end. These volumetric shapes may be
formed in one or both sheets 402 and 403 such as the single hemispherical shape shown in
Figure 4A1 (closed cells 414) and the two hemispherical shapes that are aligned with one another
to form a spherical shape as shown in Figure 4A3 (closed cells 434). The closed cells 404 may
have a height between about 0.25 mm and about 5 mm, e.g., about half the diameter of closed
cells 404 having a hemispherical shape as described in the examples above. In another example
embodiment, the closed cells 404 may have a generally tubular shape formed with generally
parallel walls extending from the sealed region 406 to a hemispherical end. In yet another

example embodiment, closed cells 404 having a tubular shape may have a diameter of about 1.5
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mm and an average height in a range between about 2.0 mm and 4.0 mm. It should be
understood that any reference to the closed cells may apply equally to any of the volumetric
shapes described above.

[0077] The sheets 402 and 403 may each have a thickness of about 5 pm to 500 pm,
and the sealed region 406 may have a thickness between about 10 um and 1000 um. The walls
of the closed cells 404 after being formed by coupling the sheets 402 and 403 together may have
a thickness relative to the thickness of the sheets 402 and 403 defined by a draw ratio which is
the ratio of the average height of the closed cells 404 to the average thickness of the sheets 402
and 403. In one example embodiment where the closed cells 404 have a generally tubular shape,
the sheets 402 and 403 may have an average thickness of 250 um and the closed cells 404 may
have an average height in a range between about 2.0 mm and 4.0 mm with a diameter of about
1.5 mm. Consequently, the closed cells 404 have a draw ratio ranging from about 8:1 to about
16:1 for heights of 2.0 and 4.0 mm, respectively. In another example embodiment, the sheets
402 and 403 may have an average thickness of 100 pm and the closed cells 404 may have an
average height in a range between about 2.0 mm and 4.0 mm with a diameter of about 1.5 mm.
Consequently, the closed cells 404 have a draw ratio ranging from about 20:1 to about 40:1 for
heights of 2.0 and 4.0 mm, respectively. In yet other example embodiments, it is desirable that
the draw ratio be greater than about 16:1 where the thickness of the sheets 402 and 403 is less
than about 250 um. 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 404
maintain a generally constant volume without bursting after negative pressure or instillation fluid
are applied to the manifold 400. Consequently, even when a load is applied to the manifold 400
which squeezes closed cells 404 into a different shape, the closed cells 404 are sufficiently
flexible to recover their original shape after being squeezed without bursting.

[0078] In one example embodiment, the closed cells 404 may be formed in only one of
the sheets 402 and 403 so that they extend from only one side of the sealed region 406 such as,
for example, closed cells 414 having a hemispherical shape as shown in Figure 4Al. More
specifically, the manifold 400 may be a manifold 410 that comprises two sheets of polymeric
film, sheet 412 and sheet 413, having inner surfaces coupled to each other in a pattern defining a
plurality of closed cells 414. The sheets 412 and 413 may be sealed to each other in a sealed

region 416 that defines the closed cells 414 that are generally hemispherical in shape. The
25



WO 2017/119996 PCT/US2016/066392

closed cells 414 may be formed on only one side of the sealed region 416 by using sheets of
polymeric film having a different thickness or flexibility. For example, the closed cells 414 may
be formed in the sheet 413 by applying a vacuum to the sheet 413 where the sheet 412 is
sufficiently thicker than the sheet 413 to withstand the vacuum being applied and retain a
generally planar shape. One skilled in the art understands that closed cells 414 having other
shapes may be formed to extend from only one side of the sealed region 406 and that such cells
may be formed by using a variety of different methods. For example, the closed cells 414 may be
formed separately in the sheet 413 which is subsequently coupled to the sheet 412 that may have
the same thickness as the sheet 413 so that the sealed region 416 remains thin and flexible.

[0079] In another example embodiment, the closed cells 404 may be formed in both of
the sheets 402 and 403 so that they extend from both sides of the sealed region 406 such as, for
example, hemispherical closed cells shown in Figure 4A3. More specifically, the manifold 400
may be a manifold 430 that comprises two sheets of polymeric film, sheet 432 and sheet 433,
having inner surfaces coupled to each other in a pattern defining a plurality of closed cells in
both sheet 432 and sheet 433. For example, the closed cells formed in each of the sheets 432 and
433 may be hemispherical in shape such as, for example, hemispherical cell 444 and
hemispherical cell 454, that are aligned to form a single closed cell 434 having a generally
spherical shape as shown in Figure 4A3. In other words, each of the single closed cells 434
comprises two hemispherical cells, hemispherical cell 444 and hemispherical cell 454, formed in
the sheets 432 and 433, respectively. The sheets 432 and 433 may be sealed to each other in a
sealed region 436 that defines the closed cells 434 that are generally spherical in shape. In other
example embodiments, the closed cells in each sheet may not be aligned with each other, but
rather overlap or aligned with the sealed portion of the opposite sheet. (Not shown.) The closed
cells 434 may be formed on both sides of the sealed region 436 by using sheets of polymeric film
having a different thickness or flexibility. For example, the shape of the closed cells 434 may be
asymmetric when the sheets 432 and 433. However, when the sheets 432 and 433 have
substantially identical thickness or flexibility, the shape of the closed cells 434 may be
substantially spherical as shown in Figure 4A3.

[0080] In yet another embodiment, the manifold 400 may comprise a third sheet (not
shown) forming a multi-sheet configuration wherein the third sheet is disposed between the

sheets 402 and 403 to form closed cells 404 that may be generally spherical in shape formed by
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two hemispherical sections separated by portions of the third sheet of material. Referring more
specifically to Figure 4A2, the manifold 400 may be a manifold 420 that comprises sheet 422
and sheet 423 of polymeric film having inner surfaces coupled or bonded to a third sheet 428 to
form sealed region 426 defining a plurality of closed cells 424. The closed cells 424 are
generally spherical in shape and formed by two hemispherical sections that are separated by
portions of the third sheet 428. Sheet 422 and sheet 423 may be coupled or bonded to the third
sheet 428 using a variety of different methods including, for example, melting (e.g., RF,
ultrasonic, and heat), adhesives using both hot melt and solvents, and pressing techniques. The
manifold 420 may also be formed by combining two of the manifolds 410 together by coupling
or bonding the outside planar surface of the sheet 412 of each manifold 410 together to form the
manifold 420. The third sheet 428 may be formed from a polymeric film and may also be
perforated to permit airflow between the two hemispherical sections of the closed cells 424.
When the third sheet 428 is formed from a polymeric material, the third sheet 428 may also be
textured to provide wicking capability. The third sheet 428 may also be formed from a polyester
material to provide wicking within the closed cells 424, and may further include fibers flocked
into the polyester material to provide additional wicking capability. The third sheet 428 also may
include an antimicrobial layer or antimicrobials coated on the third sheet 428.

[0081] When the manifolds 400, 410, 420 and 430 are disposed at the tissue site, each
one may have one of its polymeric film sheets facing the tissue site and, more specifically, an
outer surface of the tissue-facing sheet. The outer surface of the tissue-facing sheet may be
textured with surface features, which may be protrusions or indentations, to enhance fluid flow
through the manifolds and to increase micro-strains against the tissue site to enhance granulation.
More specifically, the outer side of the sheet facing the tissue site may further comprise a pattern
of individual nodes or projections embossed on the outer surface of the sheet, a grid embossed on
the outer surface of the sheet, a pattern or grid of grooves formed into the outer surface of the
sheet, or any combination of the foregoing. In one exemplary embodiment as shown in Figures
4A1 and 4B, projections or nodes 419 may be embossed on the outer surface of the sheet 412
that is generally planar so that the nodes 419 contact the tissue site when the manifold 410 is
positioned at the tissue site. In another exemplary embodiment as shown in Figure 4A2,
projections or nodes 429 may be embossed on the outer surface of the sheet 422 and, more

specifically, on the surface of the closed cells 424 so that the nodes 429 contact the tissue site
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when the manifold 420 is positioned at the tissue site. A number of different textures or shapes
may be formed on the outside surface of the sheet 402 that is flat and would face the tissue site
when in use. In one exemplary embodiment, a grid 449 may be embossed or extruded in a
woven pattern on the outer surface of the tissue-facing sheet, e.g., sheet 402 or sheet 412, as
shown in Figure 4C. The pattern of the grid 449 may have a variety of shapes like the diamond-
shaped pattern shown. It should be understood that many types of protrusions or grids may be
formed on the tissue-facing surface of a sheet of any one of the manifolds 400, 410, 420 and 430
to enhance fluid flow through the manifolds and/or enhance granulation of the tissue site.
Moreover, it should be understood that any of such protrusions or grids may be formed by
embossing, welding, or any other similar type of coupling mechanism.

[0082] As indicated above, the nodes 419 may be projections that are flexible or rigid.
In one embodiment, the projections may be formed from a substantially gas impermeable
material such as silicone. In another embodiment, the projections may be formed from a semi-
gas permeable material. The projections may be formed as an integral part of the sheets 402 and
403 and, therefore, they may also be formed from the same material as described above. In one
embodiment, the projections may be solid, while in another embodiment the projections may be
hollow to increase flexibility. The projections may form a plurality of channels and/or voids as
described below to distribute reduced pressure and allow for fluid flow among the projections.
The projections may be dimensioned to provide local load points at the tissue site 150 sufficient
to create micro-strains at the tissue site 150 for stimulating granulation formation when reduced
pressure is applied. 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. The shapes of the projections may be uniform or non-
uniform depending on the tissue site 150. The shapes of the projections may occupy a volume
defined by a cube volume where the side of the cube would range between approximately 0.2
mm to approximately 1.5 mm. In one embodiment, the spike shape may have a base width or
diameter of about 0.2 mm and a vertical height of between about 0.4 mm and 0.8 mm. In
another embodiment, the cone shape may have a base diameter of about 0.4 mm and a vertical
height of between 0.4 mm to 1.2 mm. In yet another embodiment, the dome shape may have a

spherical cap or parabolic shape with a base diameter ranging from about 0.4 mm to 1 mm.
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[0083] In some other illustrative embodiments, the manifold 400 may further comprise
chambers formed by interconnected closed cells to better distribute the apposition force applied
to the manifold 400 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 one exemplary embodiment
shown in Figure 5, manifold 500 is similar in all respects to the manifold 400 comprising two
sheets 502 and 503 of polymeric film having inner surfaces coupled to each other in a pattern
defining a plurality of closed cells 504. The sheets 502 and 503 may be sealed to each other to
form a sealed region 506 defining the closed cells 504. The sealed region 506 may also be
perforated to provide pathways for fluid to flow through the manifold 500. In one exemplary
embodiment, the sealed region 506 may comprise a plurality of apertures 505 that are formed
between the closed cells 504 in the sealed region 506 that extend through both of the sheets 502
and 503 to permit fluid flow through the manifold 500. The manifold 500 also may comprise a
plurality of passageways 508 fluidly coupling at least two of the closed cells 504 to form a
closed chamber. In one exemplary embodiment, a closed chamber 548 is formed by all of the
closed cells 504 in a row fluidly coupled by the passageways 508 as shown in Figure 5. Closed
chambers 548 may be formed in each of the other six rows as also shown in Figure 5. The
formation of closed chambers with closed cells in any pattern distributes apposition forces
applied to the manifold 500 more equally across the manifold 500.

[0084] In one example embodiment, the manifold 500 may be manifold 510 that is
similar in all respects to the manifold 500 and in many respects to the manifold 410 as shown in
Figure SA1. More specifically, the manifold 510 comprises two sheets of polymeric film, sheet
512 and sheet 513, having inner surfaces coupled to each other in a pattern defining a plurality of
closed cells 514. The sheets 512 and 513 may be sealed to each other in a sealed region 516 that
defines the closed cells 514 that are generally hemispherical in shape. The manifold 510 also
may comprise a plurality of passageways 518 interconnecting the closed cells 514 to form a
closed chamber 558. The closed chamber 558 may be formed in only one of the sheets 512 and
513 so that they extend from only one side of the sealed region 516 as shown in Figure 5A1.

[0085] In another example embodiment, the manifold 500 may be manifold 530 which
is similar in all respects to the manifold 500 and in many respects to the manifold 430 as shown
in Figure 5A3. More specifically, the manifold 530 comprises two sheets of polymeric film,

sheet 532 and sheet 533, having inner surfaces coupled to each other in a pattern defining a
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plurality of closed cells 534. The sheets 532 and 533 may be sealed to each other in a sealed
region 536 that defines the closed cells 534 that are generally spherical in shape. The manifold
530 also may comprise a plurality of passageways 538 interconnecting the closed cells 534 to
form a closed chamber 578. The closed chamber 578 is formed in both of the sheets 532 and 533
so that they extend from both sides of the sealed region 536 that provides more flexibility and
cushioning then the closed chamber 558 extending from only one side of the sealed region 516.

[0086] In yet another example embodiment, the manifold 500 may be manifold 520
that is similar to the manifold 500 and in many respects to the manifold 420 as shown in Figure
SA2. More specifically, the manifold 520 comprises two sheets of polymeric film, sheet 522 and
sheet 523, having inner surfaces coupled or bonded to a third sheet 528 to form sealed region 526
defining a plurality of closed cells 524. The closed cells 524 are generally spherical in shape and
formed by two hemispherical sections that are separated by portions of the third sheet 528. Sheet
522 and sheet 523 may be coupled or bonded to the third sheet 528 using a variety of different
methods including, for example, melting (e.g., RF, ultrasonic, and heat), adhesives using both
hot melt and solvents, and pressing techniques. The manifold 520 may also be formed by
combining two of the manifolds 510 together by coupling or bonding the outside planar surface
of the sheet 512 of each manifold 510 together to form the manifold 520. The third sheet 528
may be formed from a polymeric film and may also be perforated to permit airflow between the
two hemispherical sections of the closed cells 524. When the third sheet 528 is formed from a
polymeric material, the third sheet 528 may also be textured to provide wicking capability. The
third sheet 528 may also be formed from a polyester material to provide wicking within the
closed cells 524, and may further include fibers flocked into the polyester material to provide
additional wicking capability. The third sheet 528 also may include an antimicrobial layer or
antimicrobials coated on the third sheet 528.

[0087] The manifolds 400 and 500 both comprise two sheets 402, 403 and 502, 503 of
polymeric film having inner surfaces sealed to each other in a pattern defining a plurality of
closed cells 404 and 504 in close proximity to one another. The sheets 402, 403 and 502, 503
may be sealed to each other in a sealed region 406 and 506 that defines the closed cells 404. In
both embodiments, the rows of the closed cells 404 and 504 are staggered so that the individual
cells may be more closely nested together between the alternating rows to form a nested pattern

of cells formed on the same plane as defined by the sealed regions 406, 506, respectively. In
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other embodiments, the closed cells may be arranged in other patterns suitable for the particular
therapy being utilized. Referring to Figure 6, for example, a manifold 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 604 in close proximity to one another. However, the rows and
columns of closed cells 604 are not staggered, but rather arranged in an aligned pattern.
Depending on the diameter and pitch of the closed cells 604, the cell coverage percentage may
range between about 10% and about 55% of the surface area of the manifold 600. The sheets 602
and 603 may be sealed to each other in a sealed region 606 that defines the closed cells 604. In
this embodiment, the rows and columns of the closed cells 604 are arranged in line to form an
aligned pattern. The manifold 600 may also include a sealed region 606 that may be perforated
as described above. The pattern of closed cells may have a variety of different arrangements.

[0088] In another exemplary embodiment shown in Figure 7, manifold 700 is similar to
the manifold 600 and comprises two sheets 702 and 703 of polymeric film having inner surfaces
sealed to each other in a pattern defining a plurality of closed cells 704 in close proximity to one
another. The sheets 702 and 703 may be sealed to each other in a sealed region 706 that defines
the closed cells 704. The sealed region 706 may also be perforated to provide pathways for fluid
to flow through the manifold 700. In one exemplary embodiment, the sealed region 706 may
comprise a plurality of apertures 705 that are formed between the closed cells 704 in the sealed
region 706 that extend through both of the sheets 702 and 703 to permit fluid flow through the
manifold 700. The manifold 700 also may comprise a plurality of passageways 708
interconnecting the closed cells 704 to form a closed chamber. In one exemplary embodiment, a
closed chamber 748 is formed by all of the closed cells 704 in a row fluidly coupled by the
passageways 708 as shown in Figure 7. Closed chambers 748 may be formed in each of the other
six rows as also shown in Figure 7. The formation of closed chambers 748 with closed cells 704
in any pattern may distribute apposition forces applied to the manifold 700 more equally across
the manifold 700 as opposed to a manifold having only closed cells.

[0089] Referring to Figure &, the dressing 102, which includes the cover 106 and the
tissue interface 108, is shown wherein the tissue interface 108 is the manifold 140 and, more
specifically, the manifold 410 shown in Figures 4A1 and 4B. In one embodiment, the manifold
410 may be disposed at the tissue site 150 so that the sheet 412 is positioned adjacent the wound

152 with the nodes 419 extending outwardly from the sheet 412 and contacting the wound 152.
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The nodes 419 may form voids 812 between the outside surface of the sheet 412 and the wound
152. The closed cells 414 have upper surfaces 814 that are adapted to contact the cover 106
when the cover 106 is placed over the manifold 410. The closed cells 414 also have side surfaces
816 that form a plurality of channels 818 with the cover 106 and the sealed region 416 for
providing passageways for fluid flow for both negative pressure and instillation liquids during
therapy sessions. The apertures 405 fluidly couple the channels 818 to the voids 812 so that the
manifold 410 provides fluid communication from the fluid-delivery interface 148 to the tissue
site 150 and from the tissue site 150 to the negative-pressure interface 144.

[0090] When negative pressure is applied to the manifold 410 in operation with or
without the instillation of fluids as described above, the manifold 410 is compressed under the
cover 106 during the decompression cycle creating an apposition force that causes the cover 106
to collapse toward the wound 152 because of the vacuum created within the voids 812 and the
channels 818 via the apertures 405. The apposition force causes the cover 106 to collapse down
on the upper surfaces of the closed cells 414 which is transmitted via the closed cells 414 to the
nodes 419 to increase micro-strains on the wound 152 to enhance granulation. Although the
closed cells 414 may change shape or flatten somewhat during the application of negative
pressure to the manifold 410, the volume of the closed cells 414 remains substantially constant as
described above so that the manifold 410 transmits apposition forces to the nodes 419 while
maintaining fluid flow through the channels 818 to continue providing negative pressure therapy
to the wound 152. Consequently, the manifold 410 applies apposition forces to the nodes 419
which enhance granulation while maintaining fluid communication with the tissue site 150 via
the channels 818 and the voids 812. The flexibility of the closed cells 414 also facilitates
movement of the nodes 419 as the negative pressure increases during the decompression cycle
and/or is varied during treatment so that the additional movement further enhances granulation.

[0091] Referring to Figure 9, the dressing 102, which includes the cover 106 and the
tissue interface 108, is shown wherein the tissue interface 108 is the manifold 140 and, more
specifically, the manifold 430 shown in Figure 4A3. In one embodiment, the manifold 430 may
be disposed at the tissue site 150 so that the sheet 432 is positioned facing the wound 152 with
the hemispherical cells 454 extending outwardly from the sheet 432 toward the wound 152. The
hemispherical cells 454 have proximal surfaces 912 that are adapted to contact the wound 152

when the manifold 430 is disposed at the tissue site 150. The closed cells 434 also have side
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surfaces 914 that form a plurality of proximal channels 916 with the wound 152 and the sealed
region 436 for providing passageways for fluid flow for both negative pressure and instillation
liquids during therapy sessions for the wound 152. The hemispherical cell 444 portions of the
closed cells 434 have distal surfaces 922 that are adapted to contact the cover 106 when the
cover 106 is placed over the manifold 430. The hemispherical cell 444 portions of the closed
cells 434 also have side surfaces 924 that form a plurality of distal channels 926 with the cover
106 and the sealed region 436 for providing passageways for fluid flow for both negative
pressure and instillation liquids during therapy sessions. The apertures 405 fluidly couple the
proximal channels 916 and the distal channels 926 so that the manifold 430 provides fluid
communication from the fluid-delivery interface 148 to the tissue site 150 and from the tissue
site 150 to the negative-pressure interface 144.

[0092] When negative pressure is applied to the manifold 430 in operation with or
without the instillation of fluids as described above, the manifold 430 is compressed under the
cover 106 during the compression cycle creating an apposition force that causes the cover 106 to
collapse toward the wound 152 because of the vacuum created within the proximal channels 916
and the distal channels 926 via the apertures 405. The apposition force causes the cover 106 to
collapse down on the distal surfaces 922 of the closed cells 434 which is transmitted via the
closed cells 434 to the proximal surfaces 912 of the hemispherical cells 454 to increase micro-
strains on the wound 152 for enhancing granulation. Although the closed cells 434 may flatten
somewhat during the application of negative pressure to the manifold 430, the volume the closed
cells 434 remains substantially constant so that the manifold 430 transmits the apposition force is
to the proximal surfaces 912 of the hemispherical cells 454 while maintaining fluid flow through
the proximal channels 916 and the distal channels 926 to continue providing negative pressure
therapy to the wound 152. Consequently, the manifold 430 applies apposition forces to the
proximal surfaces 912 and/or the nodes 429 (not shown in Figure 9) which enhance granulation
while maintaining fluid communication with the tissue site 150 via the proximal channels 916
and the distal channels 926. The flexibility of the closed cells 434 also facilitates movement of
the proximal surfaces 912 of the hemispherical portion 454 as the negative pressure increases
during the decompression cycle and/or is varied during treatment so that the additional

movement further enhances granulation.
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[0093] The manifold 410 and manifold 430 are a single component comprising closed
cells 414 and 434, respectively, separated by sealed regions 416 and 436, respectively, and
apertures 405 extending through the sealed regions such that the manifolds provide both a
manifold function and a filler function. The manifold function provides fluid flow for both
negative pressure and instillation liquids, while the filler function provides spacing between the
tissue site 150 and the cover 106 with material having sufficient flexibility and tensile strength to
prevent the manifold from collapsing in order to maintain fluid flow. The apposition force causes
the cover 106 to collapse down on the manifold which is transmitted via the closed cells to
increase micro-strains on the wound 152 thereby enhancing granulation.

[0094] Moreover, the method of dressing a wound is simpler and quicker because a
caregiver places only one component in contact with the tissue site rather than two separate
components, i.e., a separate manifold member and a separate filler member. When the method of
dressing a wound requires two separate members, a caregiver must first size and place a
manifold member in contact with the tissue site and then position the filler member above the
manifold member which requires more time and is more difficult. Often the filler member must
be adjusted to substantially fill the space beneath the cover and be trimmed and resized to
properly interface with the manifold member. Using the single-component manifolds described
herein is less complicated and requires less time for dressing a wound than previous methods
requiring the use of two members which can reduce the possibility of infection and other
challenges inherent in previous methods of dressing wounds. Additionally, the single-component
manifolds also provide better fluid flow because the fluids are not impeded by a separate filler
member that might not be sufficiently porous or perforated to accommodate instillation fluids or
negative pressure during the treatment process as described above.

[0095] All of the manifolds described above may also comprise tear paths formed in
the polymeric film that allow a caregiver to tear the manifold into separate components to
properly size a manifold for positioning in contact with the tissue site. The tear paths may define
multiple regions of the film wherein the smallest region has an area greater than 20 cm?. The tear
paths may be non-leaking so that the composite manifold may still be utilized when not torn into
separate components. In one example embodiment, the tear paths may be formed by indentations
in the polymeric film that provide a weakened path in the film to facilitate tearing by a caregiver.

In another example embodiment, the film may comprise two sheets of polymeric film wherein
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the non-leaking tear paths are formed by perforations in at least one of the two sheets of
polymeric film. If perforations are formed in both of the two sheets of polymeric film to further
facilitate tearing, the perforations in one of the two sheets may be aligned but out of registration
with the perforations in the other one of the two sheets so that the tear paths do not leak. Using a
manifold that comprises tear paths may simplify the method of dressing a wound as described
above because it is easier and quicker to size the manifold when treating the tissue site.

[0096] Referring to Figures 10A and 10B, both are charts that illustrate the negative
pressure variations (mmHg) over time (minutes) for pressure measurements at the container 112
as compared to the pressure measurements at different locations around the wound. For a wound
generally rectangular in shape, the pressure was measured at the (i) bottom of the wound 152, (ii)
one of the edges of the short or width side of the wound, and (iii) one of the edges of the long or
length side of the wound. The negative pressure initially is cycled on and off for approximately
every two minutes after instillation of 60 mL of a saline solution, and then held at a target
pressure of approximately 120 mmHg. More specifically, Figures 10A and 10B illustrate these
measurements for a manifold such as, for example, the manifold 430 having closed cells 434
with an average diameter of about 1 mm, wherein the manifold measured in Figure 10A had no
apertures 405 while the manifold tested in Figure 10B included apertures 405. When utilizing the
manifold 430 without any apertures 405, the pressures measured at both the short side edge and
the long side edge of the wound 152 drops as low as 60 mmHg for a period of time while the
manifold 430 that includes apertures 405 is measured fairly steadily at 120 mmHg except for a
brief period of time where the pressure drops to about 100 mmHg. The pressure measurements at
the bottom of the wound 152 are even more dramatic. When utilizing the manifold 430 without
any apertures 4035, the pressure measured at the bottom of the wound 152 is only 20 mmHg and
stays there, whereas the pressure at the bottom of the wound 152 when utilizing the apertures
405 is measured fairly steadily at 100 mmHg. Thus, it is desirable that the example embodiments
of the manifolds described above, i.e., the manifolds 400, 500, 600 and 700, include apertures as
described above including, for example, apertures 405, 505, 605 and 705.

[0097] In another example embodiment, the manifold 140 may comprise at least two
layers of manifolds, e.g., the manifolds 400, 500, 600 and 700, wherein the two layers include
symmetric closed cells such as, for example, hemispherical closed cells that face each other in a

complementary orientation. Referring back to Figure 8, the manifold 140 may include two of the
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manifolds 410 wherein the hemispherical surface of the closed cells 414 of each of the two
manifolds 410 face each other such that the sheet 412 of the manifold 410 adjacent the cover 106
(not shown), i.e., the upper manifold, contacts the cover 106. In one embodiment, the closed cells
414 of the two manifolds 410 may be nested together so that the upper surfaces 814 of each one
face the sealed region 416 of the other. In other words, the closed cells 414 of the two manifolds
410 may be nested together such that the sealed regions 416 of the two manifolds 410 are located
in separate planes. In order that the manifold 140 including the two manifolds 410 fit within the
tissue site 150 under the cover 106, diameter and pitch of the hemispherical surface of the closed
cells 414 may be varied to fit within the tissue site 150 and to accommodate different type of
wounds and therapies being provided. As indicated above, the closed cells 414 may have a
diameter between about 0.5 mm and 10 mm and a pitch between about 1.5 mm and 15 mm
depending on the depth of the wound 152 at the tissue site 150. The manifold 140 including the
two manifolds 410 may increase the apposition force being applied to the wound 152 to further
enhance granulation.

[0098] In yet another example embodiment, the manifold 140 may comprise more than
one layer of manifolds, e.g., the manifolds 400, 500, 600 and 700, wherein the multiple layers
include more symmetrical closed cells such as, for example, spherical closed cells that may be
stacked one on top of the other to form a single manifold. Referring to Figures 9 and 11, the
manifold 140 may include, for example, five manifolds 430, i.e., stacked manifolds 430(1) -
430(5), stacked one on top of the other to form the manifold 140 that may be used for a deeper
wound 152 as shown in Figure 11 or a subcutaneous wound (not shown). In this particular
embodiment, the closed cells 434 also may be nested together so that the proximal surfaces 912
and the distal surfaces 922 of each one face the sealed region 436 of the other as shown for the
stacked manifold 430(3) to form a block of closed cells 434 as the manifold 140. In other words,
the closed cells 434 of the stacked manifolds 430(1) - 430(5) may be nested together such that
the sealed regions 436 of the manifolds are located in separate planes. The proximal channels
916 and distal channels 926 are also formed as described above including those disposed
between each of the stacked manifolds 430(1) - 430(5). As indicated above, a multilayer
manifold may be necessary for deeper wounds 152 that may require greater apposition forces to

further enhance granulation for more rapidly healing the wound 152.
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[0099] Referring to Figure 12, a chart is shown that illustrates two graphs, graph 1110
and graph 1120, of the load in newtons (N), i.e., the apposition force, being applied to a tissue
site by negative pressure over time with the negative pressure cycling intermittently on and off,
one minute on and one minute off, including three cycles each of 125 mmHg and 200 mmHg
during the on cycles. The graph 1110 is the apposition force resulting from the application of
negative pressure to the manifold 140 comprising a single layer that is the manifold 430 shown
in Figure 9. The apposition force for this single layer manifold varied between approximately 4.0
and 4.5 N when the negative pressure being applied was approximately 125 mmHg and varied
between approximately 4.5 and 4.7 N when the negative pressure being applied was
approximately 200 mmHg. The graph 1120 is the apposition force resulting from the application
of negative pressure to the manifold 140 comprising a multilayer structure comprising five layers
of the manifold 430 as shown in Figure 10. The apposition force for this multilayer manifold
varied between approximately 9 and 10 N when the negative pressure being applied was
approximately 125 mmHg and varied between approximately 9 and 11 N when the negative
pressure being applied was approximately 200 mmHg. As can be seen, the apposition force more
than doubles when utilizing a multilayer manifold structure that further enhances granulation
without sacrificing fluid communication of instillation fluids and negative pressure through the
manifold structure as a result of the proximal channels 916 and the distal channels 926 formed
among the closed cells 434.

[00100] Without limiting the mechanism, function or utility of present technology, the
systems and methods described herein may provide significant advantages relative to treatment
modalities among those known in the art. For example, the manifolds 400, 500, 600 and 700
may have nodes or textures that are embossed or welded on the manifold so that no material may
be left at the tissue site when removed. Moreover, because the manifolds 400, 500, 600 and 700
are formed from polymeric material with integrated nodes or textures, the amount of tissue
ingrowth by the manifolds may be minimized or eliminated which ameliorates the pain or
discomfort when the manifolds are removed from the tissue site after the negative pressure and
instillation therapies have been applied. Consequently, such manifolds may be left at the tissue
site for longer periods of time before they need to be replaced, but still generate more macro and
micro strains at the tissue site to enhance granulation without significant tissue ingrowth or

shedding remnants of material when removed.
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[00101] 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. 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, 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.

[00102] 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

What is claimed is:

1. A system for treating a tissue site, comprising:

a manifold including a non-porous film having a plurality of closed cells containing
fluid, apertures disposed in the film between the closed cells and extending
through the film to allow fluid flow between a first side and a second side of
the manifold, and surface features on at least an outer surface of at least some
of the closed cells; and

a cover adapted to provide a fluid seal between a therapeutic environment including
the tissue site and the manifold on one side of the cover and a local external
environment on the other side of the cover.

a negative-pressure source fluidly coupled to the therapeutic environment and adapted
to provide negative pressure through the distal channels and the apertures to

the tissue site.

2. The system of claim 1, further comprising a negative-pressure source fluidly coupled to the
therapeutic environment and adapted to provide negative pressure through the apertures to

the tissue site.

3. The system of claim 1, wherein the film further comprises at least one non-leaking tear path

configured to facilitate tearing the manifold into separate components.

4. The system of claim 3, wherein the film further comprises two sheets of polymeric film, and
wherein the at least one non-leaking tear path is formed by perforations in at least one of the

two sheets of polymeric film.

5. The system of claim 1, wherein the film further comprises non-leaking tear paths defining

multiple regions of the film wherein the smallest region has an area greater than 20 cm?.
6. The system of claim 1, wherein the surface features include ridges and grooves.

7. The system of claim 1, wherein the surface features are embossed on film.
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The system of claim 1, wherein the surface features have a depth or height in the range of

about 0.4 mm to about 1.5 mm.

The system of claim 1, wherein the non-porous film comprises two sheets of polymeric film

having inner surfaces sealed to each other to form a sealed region.

The system of claim 9, wherein the plurality of closed cells are formed in a first one of the

two sheets of polymeric film.

The system of claim 10, wherein the closed cells have a volumetric shape that is any one of a

hemispherical, conical, cylindrical, or geodesic shape.

The system of claim 10, further comprising nodes projecting outwardly from a second one of
the two sheets of polymeric film and adapted to form proximal channels between the seals

and the tissue site in fluid communication with the apertures.

The system of claim 10, further comprising a grid projecting outwardly from a second one of
the two sheets of polymeric film and adapted to form proximal channels between the seals

and the tissue site in fluid communication with the apertures.

The system of claim 9, wherein the plurality of closed cells are formed in both of the two

sheets of polymeric film.

The system of claim 14, wherein the closed cells have a volumetric shape that is any one of a

hemispherical, conical, cylindrical, or geodesic shape.

The system of claim 14, wherein the closed cells have a volumetric shape that is generally
hemispherical and coincide with each other on both sheets to form a generally spherical

shape.

The system of claim 14, wherein distal channels are formed between the closed cells of a first
one of the two sheets of polymeric film and wherein proximal channels are formed between
the closed cells of a second one of the two sheets of polymeric film in fluid communication

with the distal channels through the apertures.
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The system of claim 17, further comprising nodes projecting outwardly from the closed cells

of the second one of the two sheets of polymeric film adjacent the proximal channels.

The system of claim 14, further comprising a grid projecting outwardly from the closed cells

of the second one of the two sheets of polymeric film adjacent the proximal channels.

The system of claim 1, wherein the non-porous film comprises three sheets of polymeric film
including two outer sheets and one internal sheet having surfaces sealed to each other to form

a sealed region.

The system of claim 20, wherein the plurality of closed cells are formed in one of the two

outer sheets of polymeric film.

The system of claim 20, wherein the plurality of closed cells are formed in both of the two

outer sheets of polymeric film.

The system of claim 22, wherein the closed cells have a volumetric shape that is generally
hemispherical and coincide with each other on the two outer sheets to form a generally

spherical shape divided by the inner sheet.

The system of claim 2, further comprising a processor operatively coupled to the negative-
pressure source to provide a target pressure to the therapeutic environment in a pressure

control mode.

The system of claim 24, wherein the pressure control mode is a continuous pressure mode.

The system of claim 24, wherein the pressure control mode is an intermittent pressure mode.

The system of claim 2, further comprising a processor operatively coupled to the negative-
pressure source to provide a variable target pressure to the therapeutic environment in a

dynamic pressure mode.

The system of claim 2, further comprising a positive-pressure source fluidly coupled to the
therapeutic environment and adapted to deliver a solution through the apertures to the tissue

site.
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The system of claim 28, further comprising a processor operatively coupled to the positive-
pressure source to provide the solution to the therapeutic environment in a predetermined

dosage.

The system of claim 28, further comprising a processor operatively coupled to the positive-
pressure source to provide the solution to the therapeutic environment for a predetermined

time.

The system of claim 28, further comprising a processor operatively coupled to the positive-
pressure source to provide the solution to the therapeutic environment at a predetermined rate

over time.

The system of claim 28, further comprising a processor operatively coupled to the negative-
pressure source and the positive-pressure source to provide negative pressure to the

therapeutic environment prior to providing the solution to the therapeutic environment.

The system of claim 28, further comprising a processor operatively coupled to the negative-
pressure source and the positive-pressure source to provide negative pressure to the

therapeutic environment while providing the solution to the therapeutic environment.

The system of claim 1, wherein the plurality of closed cells are generally hemispherical and

have a diameter between about 0.5 mm and 10 mm.

The system of claim 1, wherein the plurality of closed cells are generally hemispherical and

have a pitch between about 1.5 mm and 15 mm.

The system of claim 1, wherein the non-porous film comprises two sheets of polymeric film
having inner surfaces sealed to each other to form a sealed region having a thickness between

about 10 pm and 1000 pum.
The system of claim 1, wherein the closed cells are formed in a pattern of rows and columns.

The system of claim 37, further comprising passageways fluidly coupling the closed cells in

at least one of the rows to form a closed chamber.
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39. The system of claim 37, wherein the rows are formed in a nested pattern.
40. The system of claim 37, wherein the rows are formed in an in-line pattern.
41. The system of claim 37, wherein the closed cells have a generally spherical shape.

42. The system of claim 1, further comprising passageways fluidly coupling at least two of the

closed cells together to form a closed chamber.
43. The system of claim 42, wherein the closed cells have a generally spherical shape.
44. The system of claim 42, wherein the closed cells have a geodesic shape.

45. A system for treating a tissue site, comprising:

a first manifold including a non-porous film having a plurality of closed cells having a
generally spherical shape defined by a sealed region perforated with apertures
extending through the seals;

a second manifold including a non-porous film having a plurality of closed cells
having a generally spherical shape defined by a sealed region perforated with
apertures extending through the seals, wherein the second manifold is fluidly
coupled to the first manifold through the apertures;

a cover adapted to provide a fluid seal between a therapeutic environment including
the first manifold and the second manifold proximate one side of the cover,
and a local external environment on the other side of the cover, wherein the
plurality of closed cells of the first manifold are adapted to form distal
channels with the cover and the plurality of closed cells of the second manifold
are adapted to form proximal channels with the tissue site; and

a negative-pressure source fluidly coupled to the therapeutic environment and adapted
to provide negative pressure through the distal channels and the proximal

channels to the tissue site.
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The system of claim 45, further comprising a third manifold including a non-porous film
having a plurality of closed cells having a generally spherical shape defined by a sealed
region perforated with apertures extending through the seals, wherein the third manifold is
disposed between the first manifold and the second manifold and fluidly coupled to the first

manifold and the second manifold through the apertures.

The system of claim 45, wherein the closed cells of the first manifold and the second

manifold are formed in a pattern of rows and columns as defined by the seals.

The system of claim 47, further comprising passageways fluidly coupling the closed cells in

at least one of the rows to form a closed chamber.

The system of claim 47, wherein the rows are formed in an in-line pattern.
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50. A method for treating a tissue site, comprising:

positioning a manifold including a non-porous film having a plurality of closed cells
and apertures extending through the film, the closed cells and apertures
defining fluid flow paths;

covering the manifold and the tissue site with a drape to provide a fluid seal between a
therapeutic environment including the manifold on one side of the drape and a
local external environment the other side of the drape; and

providing negative pressure from a negative-pressure source coupled to the therapeutic
environment wherein the negative pressure is applied to the tissue site through

the fluid flow paths.

51. The method of claim 50 wherein the positioning step includes placing the manifold on a

surface wound.

52. The method of claim 50, further comprising delivering a solution from a solution source
fluidly coupled to the therapeutic environment wherein the solution is applied through the

apertures to the tissue site.

53. The method of claim 50, further providing a target pressure from the negative-pressure

source to the therapeutic environment in a pressure control mode.
54. The method of claim 53, wherein the pressure control mode is a continuous pressure mode.
55. The method of claim 53, wherein the pressure control mode is an intermittent pressure mode.

56. The method of claim 50, further providing a variable target pressure from the negative-

pressure source to the therapeutic environment in a dynamic pressure mode.
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57. A method for treating a tissue site, comprising:

positioning a first manifold including a non-porous film having a plurality of closed
cells defined by a sealed region perforated with apertures extending through
the seals;

positioning a second manifold including a non-porous film having a plurality of closed
cells defined by a sealed region perforated with apertures extending through
the seals to contact the tissue site, wherein the second manifold is fluidly
coupled to the first manifold through the apertures;

covering the first manifold and the second manifold with a drape to provide a fluid
seal between a therapeutic environment including the first manifold proximate
one side of the drape and the second manifold proximate site, and a local
external environment the other side of the drape;

forming distal channels between the plurality of closed cells of the first manifold and
the drape and proximal channels between the plurality of closed cells of the
second manifold and the tissue site; and

providing negative pressure from a negative-pressure source coupled to the therapeutic
environment wherein the negative pressure is applied through the distal

channels and the proximal channels to the tissue site.

58. The method of claim 57, further comprising positioning a third manifold including a non-
porous film having a plurality of closed cells defined by a sealed region perforated with
apertures extending through the seals, wherein the third manifold is disposed between the
first manifold and the second manifold and fluidly coupled to the first manifold and the

second manifold through the apertures.

59. The method of claim 57, wherein the closed cells of the first manifold and the second

manifold are formed in a pattern of rows and columns as defined by the seals.

60. The method of claim 59, further comprising passageways fluidly coupling the closed cells in

at least one of the rows to form a closed chamber.

46



WO 2017/119996 PCT/US2016/066392

61. A method for promoting tissue granulation at a tissue site, comprising:

positioning a manifold including a non-porous film having a plurality of closed cells
defined by a sealed region perforated with apertures extending through the
seals to contact the tissue site;

covering the manifold and the tissue site with a drape to provide a fluid seal;

forming distal channels between the plurality of closed cells and the drape wherein the
apertures are adapted to provide fluid communication between the distal
channels and the tissue site; and

providing negative pressure to the distal channels and through the apertures to the

tissue site.

62. The method of claim 61, wherein the non-porous film comprises two sheets of polymeric
film having inner surfaces sealed to each other to form the sealed region that define the

closed cells.

63. The method of claim 62, wherein the plurality of closed cells are formed in one of the two

sheets of polymeric film.

64. The method of claim 63, further comprising forming proximal channels between the seals
and the tissue site in fluid communication with the distal channels through the apertures by
using nodes projecting outwardly from the other one of the two sheets of polymeric film and

adapted to form.
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65. A dressing for treating a tissue site, comprising:

a manifold including a non-porous film having a plurality of closed cells and apertures
disposed in the film between the closed cells and extending through the film to
define passageways for fluid to flow between a first side and a second side of
the manifold, wherein the manifold is adapted to contact the tissue site; and

a cover adapted to provide a fluid seal between a therapeutic environment including
the manifold on one side of the cover and a local external environment on the
other side of the cover, wherein the plurality of closed cells are adapted to form
distal channels with the cover to provide fluid communication between the
distal channels and the tissue site through the passageways;

wherein the therapeutic environment is adapted to receive negative pressure that is

applied through the distal channels and the passageways to the tissue site.

66. The dressing of claim 65, wherein the non-porous film comprises two sheets of polymeric

film having inner surfaces sealed to each other to form a sealed region.

67. The dressing of claim 66, wherein the plurality of closed cells are formed in a first one of the

two sheets of polymeric film.

68. The dressing of claim 67, further comprising nodes projecting outwardly from a second one
of the two sheets of polymeric film and adapted to form proximal channels between the seals

and the tissue site in fluid communication with the distal channels through the passageways.

69. The dressing of claim 66, wherein the plurality of closed cells are formed in both of the two

sheets of polymeric film.

70. The dressing of claim 69, wherein the closed cells have a volumetric shape that is generally
hemispherical and coincide with each other on both sheets to form a generally spherical

shape.
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The dressing of claim 69, wherein the distal channels are formed between the closed cells of
one of the two sheets of polymeric film and wherein proximal channels are formed between
the closed cells of the other one of the two sheets of polymeric film in fluid communication

with the distal channels through the passageways.

The dressing of claim 64, wherein the non-porous film comprises three sheets of polymeric
film including two outer sheets and one internal sheet having surfaces sealed to each other to

form a sealed region.

The dressing of claim 72, wherein the plurality of closed cells are formed in both of the two

outer sheets of polymeric film.

The dressing of claim 73, wherein the closed cells have a volumetric shape that is generally
hemispherical and coincide with each other on the two outer sheets to form a generally

spherical shape divided by the inner sheet.
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75. A manifold for treating a tissue site, comprising:

a first sheet of non-porous polymeric film;

a second sheet of non-porous polymeric film sealed to the first sheet of non-porous
polymeric film forming a sealed region between the first sheet and the second
sheet;

a plurality of closed cells formed in at least one of the first sheet and the second sheet,
wherein the closed cells each have a base defined by the sealed region; and

a plurality of apertures perforating the sealed region to provide fluid flow through the
first sheet and the second sheet;

wherein the manifold is adapted to be positioned and sealed at the tissue site by a
cover that forms distal channels with the closed cells and the sealed space for

receiving and distributing fluids to the tissue site through the apertures.

76. The manifold of claim 65, wherein the closed cells are generally hemispherical and have a

diameter between about 0.5 mm and 10 mm.

77. The manifold of claim 65, wherein the closed cells are elliptical and have a major axis

between about 0.5 mm and 10 mm.

78. The manifold of claim 65, wherein the closed cells have a height between about 0.25 mm and

5.0 mm.

79. The manifold of claim 65, wherein the closed cells have a pitch between about 1.5 mm and

15 mm.

80. The manifold of claim 65, wherein the manifold has a surface area with a cell coverage

percentage between about 10% and about 55%.

81. The manifold of claim 65, wherein the sealed region has a thickness between about 5 um and

200 pm.

82. The manifold of claim 65, wherein the apertures are elliptical having a major axis between

about 0.5 mm and 1.5 mm.
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The manifold of claim 65, wherein the apertures are slits having a length between about 0.5

mm and 1.5 mm.

The manifold of claim 65, wherein the polymeric film is any one taken from the group of

high density polyethylene, low density polyethylene, and linear low density polyethylene.

The manifold of claim 65, wherein the polymeric film has a yield strength greater than about

20 MPa.
The manifold of claim 65, wherein the polymeric film has a UTS greater than about 30 MPa.

The manifold of claim 65, wherein the polymeric film has a thickness between about 5 um

and about 500 um.

The manifold of claim 65, wherein the closed cells have a volumetric shape that is any one of

a hemispherical, conical, cylindrical, or geodesic shape.

The manifold of claim 65, wherein the closed cells have a volumetric shape that is generally

tubular.

The manifold of claim 65, wherein the closed cells have a volumetric shape that is generally

tubular and have an average height in the range between about 2.0 mm and 4.0 mm.

The manifold of claim 80, wherein the polymeric film has an average thickness of about 250

um whereby the closed cells have a draw ratio ranging from about 8:1 to about 16:1.

The manifold of claim 80, wherein the polymeric film has an average thickness of about 100

um whereby the closed cells have a draw ratio ranging from about 20:1 to about 40:1.

The manifold of claim 80, the polymeric film has an average thickness of less than about 250

um and the closed cells have a draw ratio greater than about 8:1.

The manifold of claim 65, wherein the closed cells have an internal pressure greater than the

atmospheric pressure.
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The manifold of claim 65, wherein the closed cells have an internal pressure less than about

25 psi above the atmospheric pressure.

The manifold of claim 65, further comprising nodes projecting outwardly from at least one of
the first and second sheets and adapted to form proximal channels between the sealed region

and the tissue site in fluid communication with the distal channels through the apertures.

The manifold of claim 86, wherein the nodes have an average height between about 0.2 mm

and about 1.5 mm.

The manifold of claim 86, wherein the nodes have a spike shape having an average height

between about 0.4 mm and about 0.8 mm and a base of about 0.2 mm.

The manifold of claim 86, wherein the nodes have a cone shape having an average height

between about 0.4 mm and about 1.2 mm and a base of about 0.4 mm.

100.The manifold of claim 86, wherein the nodes have a dome shape having an average base

between about 0.4 mm and about 1.0 mm.
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3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-44

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)
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This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-44

A system for treating a tissue site, comprising:a manifold
including a non-porous film having a plurality of closed
cells containing fluid, apertures disposed in the film
between the closed cells and extending through the film to
allow fluid flow between a first side and a second side of
the manifold, and surface features on at least an outer
surface of at least some of the closed cells; anda cover
adapted to provide a fluid seal between a therapeutic
environment including the tissue site and the manifold on
one side of the cover and a local external environment on
the other side of the cover; and a negative-pressure source
fluidly coupled to the therapeutic environment and adapted
to provide negative pressure through the distal channels and
the apertures to the tissue site; wherein the plurality of
closed cells are generally hemispherical and have a diameter
between about 0.5 mm and 10 mm.

2. claims: 45-49

A system for treating a tissue site, comprising:a first
manifold including a non-porous film having a plurality of
closed cells having a generally spherical shape defined by a
sealed region perforated with apertures extending through
the seals;a second manifold including a non-porous film
having a plurality of closed cells having a generally
spherical shape defined by a sealed region perforated with
apertures extending through the seals, wherein the second
manifold is fluidly coupled to the first manifold through
the apertures;a cover adapted to provide a fluid seal
between a therapeutic environment including the first
manifold and the second manifold proximate one side of the
cover, and a local external environment on the other side of
the cover, wherein the plurality of closed cells of the
first manifold are adapted to form distal channels with the
cover and the plurality of closed cells of the second
manifold are adapted to form proximal channels with the
tissue site; and a negative-pressure source fluidly coupled
to the therapeutic environment and adapted to provide
negative pressure through the distal channels and the
proximal channels to the tissue site.

3. claims: 65-74, 76-100

A dressing for treating a tissue site, comprising:a manifold
including a non-porous film having a plurality of closed
cells and apertures disposed in the film between the closed
cells and extending through the film to define passageways
for fluid to flow between a first side and a second side of
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the manifold, wherein the manifold is adapted to contact the
tissue site; anda cover adapted to provide a fluid seal
between a therapeutic environment including the manifold on
one side of the cover and a local external environment on
the other side of the cover, wherein the plurality of closed
cells are adapted to form distal channels with the cover to
provide fluid communication between the distal channels and
the tissue site through the passageways; wherein the
therapeutic environment is adapted to receive negative
pressure that is applied through the distal channels and the
passageways to the tissue site.

4. claim: 75

A manifold for treating a tissue site, comprising:a first
sheet of non-porous polymeric film;a second sheet of
non-porous polymeric film sealed to the first sheet of
non-porous polymeric film forming a sealed region between
the first sheet and the second sheet;a plurality of closed
cells formed in at Teast one of the first sheet and the
second sheet, wherein the closed cells each have a base
defined by the sealed region; anda plurality of apertures
perforating the sealed region to provide fluid flow through
the first sheet and the second sheet; wherein the manifold
is adapted to be positioned and sealed at the tissue site by
a cover that forms distal channels with the closed cells and
the sealed space for receiving and distributing fluids to
the tissue site through the apertures.
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Continuation of Box II.1

Claims Nos.: 50-64

Claims 50-64 relate to subject-matter considered by this Authority to be
covered by the provisions of Rule 39.1(iv) PCT. The methods disclosed
therein have the explicit purpose of treating a tissue site by applying
negative pressure to the tissue site. Hence they are considered methods
for treatment of the human or animal body by therapy/surgery.
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