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OXYGEN THERAPY WITH FLUID REMOVAL

RELATED APPLICATION

[0001] This application claims the benefit, under 35 USC 119(e), of the filing of U.S.
Provisional Patent Application No. 62/558,435, entitled “OXYGEN THERAPY WITH
FLUID REMOVAL,” filed September 14, 2017, 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 oxygen therapy with fluid

removal.

BACKGROUND

[0003] Clinical studies and practice have shown that the application of concentrated
oxygen to a tissue site can be highly beneficial for new tissue growth or healing, particularly
for chronic wounds. For example, hyperbaric oxygen therapy may be particularly beneficial
for tissue with poor oxygenation, such as often seen in diabetic foot ulcers.

[0004] While the clinical benefits of oxygen therapy are widely known,
improvements to therapy systems, components, and processes may benefit healthcare

providers and patients.
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BRIEF SUMMARY

[0005] New and useful systems, apparatuses, and methods for treating a tissue site 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.

[0006] For example, in some embodiments, oxygen can be delivered continuously
from a low-flow oxygen source to a dressing that can be applied to a tissue site. The dressing
may include a high-sealing cover that can retain the oxygen, and a tissue interface that allows
gas communication with the oxygen source. The cover may be made from silicone, hydrogel,
or hydrocolloid, for example. The dressing may also include a filler in some embodiments,
which can be hydrophilic to prevent edge strike-through, lifting of the cover, and periwound
maceration. A low-level source of negative-pressure can also be fluidly coupled to the
dressing, which can remove fluids without necessarily delivering therapeutic levels of
negative-pressure to the dressing. An in-line check valve or regulating valve may be
disposed in a fluid path between the source of negative-pressure and the dressing. A
controller can monitor and regulate pressure at the distal end of the fluid path between the
valve and the negative-pressure source such that a target pressure can be delivered to the
valve. For example, a target pressure may be a range of -20 to -40 mmHg in some
embodiments. A static column of fluid may form in the fluid path between the valve and the
negative-pressure source, and the negative-pressure source may generate a pressure in a range
of -70 to -120 mmHg to achieve the target pressure on the downstream side of the valve.

[0007] In some examples, the valve may be omitted and the negative-pressure source
can be fluidly coupled to the dressing directly. The negative-pressure source may
intermittently produce negative pressure to remove fluids. A target pressure of about -20
mmHg to about 30 mmHg may be suitable for such a configuration.

[0008] More generally, in some embodiments, an apparatus for treating a tissue site
may include a dressing, an oxygen source, a valve, and a negative-pressure source. The
dressing can be configured to be sealed around the tissue site, and the oxygen source can be
fluidly coupled to the dressing and configured to provide a low flow of oxygen. A first port
of the valve can be fluidly coupled to the dressing, and the valve can move between a closed
position preventing flow through the valve and an open position permitting flow through the
valve. The negative-pressure source may be fluidly coupled to a second port of the valve to

provide negative pressure to the second port of the valve in an operating range of 15
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millimeters of mercury to 50 millimeters of mercury. In some embodiments, the operating
range may be 20 millimeters of mercury to 40 millimeters of mercury. The valve separates
the negative-pressure source from the dressing and can selectively open when a positive
pressure is applied on an upstream side of the valve or an increased negative-pressure is
applied to the downstream side.

[0009] In some embodiments, the dressing may comprise a tissue interface and a
cover. The cover may be disposed over, or configured to be disposed over, the tissue
interface. A sealing layer may be disposed between the cover and the tissue interface in some
examples. The dressing may also include a filler configured to be disposed between the
cover and the tissue interface. A hydrophilic filler may be particularly suitable for preventing
edge strike-through, lifting of the cover, and periwound maceration, for example.

[0010] A method for treating a tissue site is also described herein, wherein some
example embodiments include fluidly coupling the tissue site to an oxygen source; fluidly
coupling the tissue site to a negative-pressure source through a valve moving between a
closed position preventing flow through the valve and an open position permitting flow
through the valve; reducing pressure proximate to the tissue site to about -25 millimeters of
mercury; delivering oxygen from the oxygen source to the tissue site; maintaining a negative
pressure at a downstream side of the valve in a range of about 20 millimeters of mercury to
about 40 millimeters of mercury; and selectively opening the valve when a positive pressure
is applied to an upstream side of the valve.

[0011] 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

[0012] Figure 1 is a functional block diagram of an example embodiment of the
therapy system that can provide oxygen therapy with fluid removal in accordance with this
specification.

[0013] Figure 2 is a schematic diagram of an example embodiment of the therapy
system of Figure 1.

[0014] Figure 3 is a flow chart illustrating an embodiment of a method for installing a
therapy system which provides continuous oxygen and negative pressure treatment solutions
to a dressing at a tissue site.

[0015] Figure 4 is a flow chart illustrating an embodiment of a method for an oxygen
supply portion of the therapy method for providing continuous oxygen and negative pressure
treatment solutions to a dressing at a tissue site.

[0016] Figure 5 is a flow chart illustrating an embodiment of a method for a negative
pressure portion of the therapy method for providing continuous oxygen and negative

pressure treatment solutions to a dressing at a tissue site.



WO 2019/055176 PCT/US2018/047248

DESCRIPTION OF EXAMPLE EMBODIMENTS

[0017] 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.

[0018] 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.

[0019] Figure 1 is a simplified functional block diagram of an example embodiment
of a therapy system 100 that can provide oxygen therapy to a tissue site in accordance with
this specification.

[0020] The term “tissue site” in this context broadly refers to a wound, defect, or
other treatment target located on or within tissue, including but not limited to, bone tissue,
adipose tissue, muscle tissue, neural tissue, dermal tissue, vascular tissue, connective tissue,
cartilage, tendons, or ligaments. A wound may include chronic, acute, traumatic, subacute,
and dehisced wounds, full-thickness burns, 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.

[0021] The therapy system 100 may include a source or supply of oxygen, such as an
oxygen source 102, a dressing 104, and a regulator or controller, such as a controller 108, for
example. Additionally, the therapy system 100 may include sensors to measure operating
parameters and provide feedback signals to the controller 108 indicative of the operating
parameters. As illustrated in Figure 1, for example, the therapy system 100 may include a
pressure sensor 110, an oxygen sensor 112, or both, coupled to the controller 108. As
illustrated in the example of Figure 1, the dressing 104 may comprise or consist essentially of

a tissue interface 114, a cover 116, or both in some embodiments.
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[0022] The dressing 104 may also include a sealing layer. In some embodiments, the
sealing layer may be disposed between the cover 116 and the tissue interface 114. The
sealing layer may be coupled to or integral with the cover 116 or the tissue interface 114 in
various embodiments. In some embodiments, the cover 116 may comprise or consist
essentially of a sealing layer.

[0023] In some examples, the dressing 104 may also include a filler configured to be
disposed between the cover 116 and the tissue interface 114. A hydrophilic filler may be
particularly suitable for preventing edge strike-through, lifting of the cover, and periwound
maceration, for example. Suitable hydrophilic fillers may include open-cell hydrophilic
foams or super absorbent polymers in the form of particulates, fibers, or textiles, for example.
In some embodiments, a hydrophilic filler may comprise or consist essentially of an assembly
of super absorbent textile between two or more layers of non-woven textile.

[0024] The therapy system 100 may also include a source of negative pressure, such
as a negative-pressure source 118. The negative-pressure source 118 may be fluidly coupled
to the dressing 104, as illustrated in the example of Figure 1. In the example of Figure 1, the
negative-pressure source 118 is fluidly coupled to the dressing 104 indirectly, through a
container 106 and a control valve, such as a valve 120.

[0025] The valve 120 may comprise a first port and a second port, wherein the first
port is fluidly coupled to the dressing 104 and the second port is fluidly coupled to the
negative- pressure source 118. The valve 120 may be an in-line check valve or regulating
valve, for example. The valve 120 can move between a first position and a second position to
control flow through the valve 120. For example, the first position may be a closed position
preventing flow through the valve 120, and the second position may be an open position
permitting flow through the valve 120. The valve 120 may be actuated by a pressure
differential between the first port and the second port. For example, in some embodiments,
the valve 120 may be configured to remain closed against negative-pressure applied to the
downstream side of the valve 120 and can be opened by low hyperbaric pressure on the
upstream side of the valve 120. In some embodiments, the opening pressure may be
adjustable either during manufacture or operation to optimize fluid removal. For example,
some embodiments of the valve 120 may have fixed settings for high, medium, and low
opening pressure.

[0026] In some embodiments, the therapy system 100 may further include a regulator,

such as a pressure relief valve 122, which can vent oxygen under some conditions or
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operating parameters. For example, in some embodiments, the pressure relief valve 122 may
be configured to vent oxygen at a pressure in excess of 30 to 40 millimeters of mercury
(mmHg) positive pressure. The pressure relief valve 122 may not be required depending
upon the nature of the oxygen generating source and the nature of the negative pressure
device function.

[0027] Some components of the therapy system 100 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 oxygen source 102 may be combined with the
negative-pressure source 118, the controller 108, and other components into a therapy unit.

[0028] In general, components of the therapy system 100 may be coupled directly or
indirectly. For example, the negative-pressure source 118 may be directly coupled to the
container 106, and may be indirectly coupled to the dressing 104 through the container 106.
Coupling may include fluid, mechanical, thermal, electrical, or chemical coupling (such as a
chemical bond), or some combination of coupling in some contexts. 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. For example, the oxygen source
102 and the negative-pressure source 118 may be electrically coupled to the controller 108.
The oxygen source 102 may be fluidly coupled to one or more distribution components,
which provide a fluid path to a tissue site.

[0029] A distribution component is preferably detachable, and may be disposable,
reusable, or recyclable. The dressing 104 and the container 106 are illustrative of distribution
components. A fluid conductor is another illustrative example of a distribution component.
A "fluid conductor," in this context, 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. Moreover, some fluid conductors may be molded into or otherwise integrally
combined with other components. Distribution components may also include or comprise
interfaces or fluid ports to facilitate coupling and de-coupling other components. In some
embodiments, for example, a dressing interface may facilitate coupling a fluid conductor to
the dressing 104. For example, such a dressing interface may be a SENSAT.R.A.C.™ Pad

available from KCI of San Antonio, Texas.
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[0030] An oxygen supply, such as the oxygen source 102, may be a reservoir of
concentrated oxygen at a positive pressure, or may be a reservoir of oxygen coupled to a
manual or electrically-powered device, such as a pump or a micro-pump, for example. In
some embodiments, the oxygen source 102 may be a low-flow oxygen system, which can
provide a continuous flow of oxygen at a rate of less than or equal to 25 milliliters per hour
(ml/hr) continuously. A rate not greater than 20 ml/hr or 15 ml/hr and not less than 3 ml/hr
may be particularly suitable for many applications. Examples of suitable low-flow oxygen
systems are the TransCu O2® oxygen concentrator from EO2, the NATROX generator from
Inotec AMD, and EpiFlo from Ogenix.

[0031] A controller, such as the controller 108, may be a microprocessor or computer
programmed to operate one or more components of the therapy system 100, such as the
oxygen source 102 and/or the negative-pressure source 118. In alternative embodiments,
each of the oxygen source 102 and the negative-pressure source 118 may include independent
controllers, which can control the functions for the oxygen source 102 and the negative-
pressure source 118 independently. In some embodiments, for example, the controller 108
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 118, the pressure generated by the negative-
pressure source 118, or the pressure distributed to the control valve 120, for example. Other
example operating parameters may include the power applied to the oxygen source 102, the
pressure of oxygen from the oxygen source 102, oxygen concentration, and/or control of the
pressure relief valve 122 in some embodiments. The controller 108 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.

[0032] Sensors, such as the pressure sensor 110 or the oxygen sensor 112 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 110 and the oxygen
sensor 112 may be configured to measure one or more operating parameters of the therapy
system 100. In some embodiments, the pressure sensor 110 may be a transducer configured
to measure pressure in a pneumatic pathway and convert the measurement to a signal

indicative of the pressure measured. In some embodiments, for example, the pressure sensor
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110 may be a piezoresistive strain gauge. The oxygen sensor 112 may optionally measure the
quantity of oxygen or saturation of oxygen supplied from the oxygen source 102 in some
embodiments. Preferably, the signals from such sensors are suitable as an input signal to the
controller 108, 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 108. Typically, the signal is an electrical signal, but may be represented in other
forms, such as an optical signal.

[0033] The tissue interface 114 may be generally adapted to contact a tissue site.
The tissue interface 114 may be partially or fully in contact with a tissue site. If a tissue site
is a wound, for example, the tissue interface 114 may partially or completely fill the wound,
or may be placed over the wound. The tissue interface 114 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 114 may be adapted to the contours of deep and irregular shaped
tissue sites. Moreover, any or all of the surfaces of the tissue interface 114 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.

[0034] In some embodiments, the tissue interface 114 may be a manifold. A
"manifold" in this context generally includes any substance or structure providing a plurality
of pathways adapted to collect or distribute fluid across a tissue site under pressure. For
example, a manifold may be adapted to receive negative pressure from a source and distribute
negative pressure through multiple apertures across a tissue site, which may have the effect of
collecting fluid from across a tissue site and drawing the fluid toward the source. In some
embodiments, a manifold may also be adapted to receive oxygen from an oxygen source and
distribute the oxygen through multiple apertures across a tissue site. In other embodiments,
the fluid path may be reversed or a secondary fluid path may be provided to facilitate
delivering fluid across a tissue site. In additional or alternative 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.

[0035] The average pore size of a foam may vary according to needs of a prescribed

therapy. For example, in some embodiments, the tissue interface 114 may be a foam having
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pore sizes in a range of 400-600 microns. The tensile strength of the tissue interface 114 may
also vary according to needs of a prescribed therapy. For example, the tensile strength of a
foam may be increased for instillation of topical treatment solutions. In one non-limiting
example, the tissue interface 114 may be an open-cell, reticulated polyurethane foam such as
GRANUFOAM™ dressing or V.A.C. VERAFLO™ dressing, both available from KCI of
San Antonio, Texas.

[0036] The tissue interface 114 may be either hydrophobic or hydrophilic. In an
example in which the tissue interface 114 may be hydrophilic, the tissue interface 114 may
also wick fluid away from a tissue site, while continuing to distribute negative pressure to the
tissue site. The wicking properties of the tissue interface 114 may draw fluid away from a
tissue site by capillary flow or other wicking mechanisms. An example of a hydrophilic foam
is a polyvinyl alcohol, open-cell foam such as V.A.C. WHITEFOAM™ or polyurethane ester
VERAFLO dressings available from KCI of San Antonio, Texas. Other hydrophilic foams
may include those made from polyether. Other foams that may exhibit hydrophilic
characteristics include hydrophobic foams that have been treated or coated to provide
hydrophilicity.

[0037] In some embodiments, the tissue interface 114 may be constructed from
bioresorbable or biologically-based materials. Suitable materials may include, without
limitation, a polymeric blend of polylactic acid (PLA) and polyglycolic acid (PGA). The
polymeric blend may also include without limitation polycarbonates, polyfumarates, and
capralactones. Other suitable materials may include dextran, hyaluronic acid, keratins, silks,
carboxymethylcellulose, collagen, adipose tissue, or dermal tissue, for example. The tissue
interface 114 may further serve as a scaffold for new cell-growth, or a scaffold material may
be used in conjunction with the tissue interface 114 to promote cell-growth. A scaffold is
generally a substance or structure used to enhance or promote the growth of cells or
formation of tissue, such as a three-dimensional porous structure that provides a template for
cell growth. Illustrative examples of scaffold materials include dextran, keratin, silks,
calcium phosphate, collagen, PLA/PGA, coral hydroxyapatites, carbonates, or processed
allograft materials.

[0038] In some embodiments, the cover 116 may provide a bacterial barrier and
protection from physical trauma. The cover 116 may also be constructed from a material that
can reduce evaporative losses and provide a fluid seal between two components or two

environments, such as between a therapeutic environment and a local external environment.
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The cover 116 may be, for example, an elastomeric film or membrane that can provide a seal
adequate to retain oxygen under the cover 116. For example, the cover 116 may be
configured to provide a seal with a leak rate no greater than approximately 5 milliliters per
hour. In some embodiments, the cover 116 may also have a high moisture-vapor
transmission rate (MVTR). For example, the MVTR may be at least 300 g/m”2 per twenty-
four hours in some embodiments. In some example embodiments, the cover 116 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
pressure from the oxygen supply source can be maintained. In some embodiments, the cover
116 may further include indicators which change color in the present of therapeutic levels of
oxygen in the wound.

[0039] The sealing layer may be a soft, pliable material suitable for providing a fluid
seal with a tissue site. For example, the sealing layer may comprise or consist essentially ofa
silicone gel, a soft silicone, hydrocolloid, hydrogel, polyurethane gel, polyolefin gel,
hydrogenated styrenic copolymer gel, a foamed gel, a soft closed cell foam such as
polyurethanes and polyolefins coated with an adhesive, polyurethane, polyolefin,
hydrogenated styrenic copolymers, acrylic adhesives, light sensitive or light-deactivated
adhesives, or any combination of these materials. In some embodiments, the sealing layer
may have a thickness between about 500 microns (um) and about 1000 microns (um). In
some embodiments, the sealing layer may have a stiffness between about 5 Shore OO and
about 80 Shore OOQO. Further, the sealing layer may be comprised of hydrophobic or
hydrophilic materials.

[0040] In some embodiments, the sealing layer may be a hydrophobic-coated
material. For example, the sealing layer may be formed by coating a spaced material, such
as, for example, woven, nonwoven, molded, or extruded mesh with a hydrophobic material.
The hydrophobic material for the coating may be a soft silicone, for example. The sealing
layer may have apertures in some embodiments.

[0041] An attachment device may be used to attach the cover 116 to an attachment
surface, such as undamaged epidermis, a gasket, or another cover. An 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 cover. In

some embodiments, for example, some or all of the cover 116 may be coated with an acrylic
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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. In some
embodiments, an attachment device may be disposed between the cover 116 and a perforated
sealing layer, through which the attachment device may bond the cover 116 to an attachment
surface.

[0042] A negative-pressure supply, such as the negative-pressure source 118, may be
a reservoir of air at a negative pressure, or may be a manual or electrically-powered device,
such as a vacuum pump, a suction pump, a wall suction port available at many healthcare
facilities, or a micro-pump, for example. “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. 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. 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 provided by the negative-pressure source 118 may
vary, 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). Therapeutic ranges between -50
mm Hg (-6.7 kPa) and -125 mm Hg (-16.0 kPa) may be particularly suitable for some
applications.

[0043] The container 106 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.

[0044] Figure 2 is a schematic diagram of an example of the therapy system 100,
illustrating additional details that may be associated with some embodiments. As illustrated
in the example of Figure 2, some embodiments of the therapy system 100 the oxygen source

102 may be associated with an oxygen unit 202 and the negative-pressure source 118 may be
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associated with a negative-pressure unit 204. Figure 2 also illustrates an example in which
the oxygen source 102 and the negative-pressure source may be independently controlled.
For example, the oxygen source 102 may be controlled by an oxygen controller 206
associated with the oxygen unit 202, and the negative-pressure source 118 may be controlled
by a negative-pressure controller 208 associated with the negative-pressure unit 204.

[0045] In the example of Figure 2, the therapy system 100 may provide a first
dressing interface 234 and a second dressing interface 250. The first dressing interface 234
may facilitate coupling the negative-pressure unit 204 to the dressing 104. For example, the
first dressing interface 234 may include a negative-pressure interface 242, which may include
a straight port and/or an elbow port, such as elbow port 246 that may be fluidly coupled to a
fluid conductor 238. In this illustrative, non-limiting embodiment, the elbow port 246 extends
through the cover 116 to the tissue interface 114, but numerous arrangements are possible. In
some embodiments, the negative-pressure interface 242 may include a hydrophobic filter in
some embodiments.

[0046] The second dressing interface 250 may facilitate coupling of the oxygen unit
202 to the dressing 104. In some embodiments, the oxygen source 102 may be fluidly
coupled to the tissue interface 114 through a fluid conductor 258 to a fluid-delivery interface
254, which may include a straight port and/or an elbow port, such as straight port 262. The
fluid-delivery interface 254 may be fluidly coupled to the dressing 104 and may pass through
a hole cut in the cover 116, for example. The hole cut in the cover 116 for the fluid-delivery
interface 254 may be separated from the location of elbow port 246. The fluid-delivery
interface 254 may allow for a fluid, such as concentrated oxygen, to be delivered by the
therapy system 100 through the cover 116 and to the tissue interface 114. In some
embodiments, the fluid-delivery interface 254 may include an inlet pad. The inlet pad may
be a material that is not absorbent. 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 254 and the negative-pressure interface 242 may be
integrated into a single pad for the delivery and removal of fluids. In some embodiments, the
fluid-delivery interface 254 may include a hydrophobic filter in some embodiments.

[0047] In the example of Figure 2, the tissue interface 114 is placed within, over, on,

or otherwise proximate to a tissue site, such as a wound 210. The wound 210 in the example
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of Figure 2 penetrates an epidermis 226 and a dermis 228 into subcutaneous tissue 230. The
cover 116 may be placed over the tissue interface 114 and sealed to an attachment surface
near the wound 210 by an attachment device 232. For example, the cover 116 may be sealed
to intact epidermis 226 peripheral to the wound 210. Thus, the dressing 104 can provide a
sealed therapeutic environment proximate to the wound 210, substantially isolated from the
external environment.

[0048] In some embodiments, oxygen may be delivered continuously to the
dressing 104 from oxygen source 102 through the fluid conductor 258 and the fluid-delivery
interface 254 attached to the cover 116. The fluid mechanics of using pressure to move fluids
through a fluid conductor can be mathematically complex. However, the basic principles of
fluid mechanics applicable to oxygen therapy are generally well-known to those skilled in the
art, and the movement of oxygen from the oxygen source 102 may be described illustratively
herein as “delivering,” “distributing,” or “generating” oxygen, for example.

[0049] In general, fluids flow toward lower pressure along a fluid path. Thus, the
term “downstream” typically implies something in a fluid path relatively further away from a
source of positive pressure or closer to a source of negative pressure. Conversely, the term
“upstream” implies something relatively closer to a source of positive pressure or further
away from a source of negative 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.

[0050] The percentage or concentration of oxygen within the wound 210 can increase
to levels of at least 80% over time, improving the pO2 levels in the wound tissue. The
dressing 104 is designed such that it can manage some buildup of internal pressure. For
example, the oxygen unit 202 may have a back-pressure sensing system, which may shut
down the flow of oxygen or reduce the low oxygen flow pressure at the wound 210 exceeds a
safety threshold.

[0051] As illustrated in the example of Figure 2, the valve 120 may be positioned
between the negative-pressure interface 242 and the negative-pressure source 118. It may be
particularly advantageous to place the valve 120 closer to the negative-pressure interface 242
than the negative-pressure source 118. More than one valve 120 may be disposed in the fluid
path between the negative-pressure interface 242 and the negative-pressure source 118 to
encourage fluid movement and prevent backflow. In some embodiments, the negative-

pressure source 118 may provide a continuous negative pressure on the valve 120. The
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pressure on the valve 120 may be affected by head-pressure drop and the length of the fluid
conductor 238, for example. In some embodiments, the negative-pressure unit 204 may
compensate for these types of effects. For example, in some embodiments it may be desired
to apply negative pressure in a target range of -20 mmHg to -40 mmHg to the valve 120, and
the negative-pressure unit 204 may increase the pressure generated to -70 mmHg to -120
mmHg to achieve a pressure within the target range at the valve 120.

[0052] In operation, the negative-pressure source 118 may apply non-therapeutic
levels of negative pressure to initially reduce the pressure in the dressing. For example, non-
therapeutic levels may include a range of about 0 mmHg to about -50 mmHg in some
embodiments, and the initial pressure in the dressing 104 may be about -25 mmHg. The
negative-pressure source 118 may subsequently maintain a level of negative pressure at the
second port of the valve 120 in a non-therapeutic operating range. In some embodiments, an
operating range of about -15 mmHg to about -50 mmHg may be suitable. Fluid may be
exuded from the wound 210 into the dressing 104. If the volume of exudate and oxygen
exceeds the volume of the dressing 104, the pressure in the dressing 104 may increase and
atmospheric pressure against the dressing 104 can push the exudate up the negative-pressure
interface 242 and against the valve 120. The valve 120 can be opened if the pressure
difference between the upstream side of the valve 120 and the downstream side of the valve
120 exceeds the opening pressure of the valve 120. For example, the increase in pressure
from exudate and oxygen on the upstream side of the valve 120 can open the valve 120,
allowing the gas and fluids through and into the fluid conductor 238. The pressure
differential can also be increased by increasing the negative pressure applied to the
downstream side of the valve 120, which can also open the valve 120 in some examples. The
negative pressure on the downstream side of the valve 120 can advance the fluids through the
fluid conductor 238 to the container 106.

[0053] Figure 3 is a flow chart illustrating a method 300 of installing the therapy
system 100 at a tissue site, such as the wound 210. In the example embodiment of Figure 3,
the method 300 starts at 304. At 308, the wound 210 can be filled with the tissue interface
114. At 312, a filler may be placed over the tissue interface 114 in some embodiments. The
filler may be hydrophilic in order to prevent edge strike-through, lifting of the cover 116, and
peri-wound maceration. The filler may also be a foam material in some embodiments. In

some embodiments, the filler may be combined with the tissue interface 114.
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[0054] At 316, the cover, 116 may be placed over the tissue interface 114. The cover
116 may include indicators that can change color in the presence of therapeutic levels of
oxygen in the wound 210. For example, such therapeutic levels may be at least 60 percent
(%) and, more preferably, at least 80 percent (%). At 320, the oxygen source 102 can be
connected to the tissue interface 114 through the cover 116. For example, fluid conductor
258 may mechanically and fluidly couple the oxygen source 102 to the fluid-delivery
interface 254 in the dressing 104. The fluid-delivery interface 254 may be fluidly coupled to
the dressing 104 and may pass through a hole cut in the cover 116. The fluid-delivery
interface 254 may allow for a fluid, such as concentrated oxygen, to be delivered by the
therapy system 100 through the cover 116 and to the tissue interface 114. At 324, the
negative-pressure interface 242, including the valve 120 can be connected to the dressing
104. At 328, the negative-pressure source 118 can be connected to the negative-pressure
interface 242 through the fluid conductor 238 to fluidly couple the negative-pressure source
118 to the tissue interface 114. The method 300 ends at 332.

[0055] Figure 4 is a flow chart illustrating an example method 400 of using the
therapy system 100. In the example embodiment of Figure 4, the method 400 starts at 404.
At 408, the therapy system 100 is connected to the wound 210. For example, the therapy
system 100 may be applied to the wound 210 by following the previously-described method
300 (Figure 3). Once the therapy system 100 is connected to the wound 210, the oxygen
source 102 and negative-pressure source 118 can be powered on. The remainder of the
method 400 in Figure 4 describes the use of an oxygen unit, such as the oxygen unit 202 of
Figure 2. The continuation of method 400 in Figure 5 describes a method 500 for the use of a
negative-pressure unit, such as the negative-pressure unit 204 of Figure 2.

[0056] At 412, the oxygen source 102 can begin supplying oxygen. In some
embodiments, the oxygen source 102 can be configured to provide oxygen at a rate of less
than or equal to 20 ml/hr continuously. Preferably, the oxygen source 102 provides
continuous flow of oxygen at a rate not greater than 15 ml/hr continuously, and, more
preferably, at a rate of approximately 10 ml/hr continuously.

[0057] At 416, the method 400 may determine whether a pressure in the wound 210 is
greater than a predetermined pressure threshold. For example only, the predetermined
pressure threshold may be approximately 30 to 40 mmHg positive pressure. The dressing
104 may be configured such that it can manage some buildup of internal pressure in some

embodiments. The predetermined pressure threshold may be set at a positive pressure
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corresponding to a threshold pressure over which the dressing 104 may release from the
wound 210 (incorporating factors of safety). If the pressure in the wound 210 is greater than
the predetermined pressure threshold, the pressure from the oxygen flow can be vented,
released, or otherwise removed from the system at 420. For example, the dressing 104 or the
fluid conductor 258 may include the pressure relief valve 122, which can vent oxygen at a
pressure in excess of the predetermined pressure threshold. In other examples, the oxygen
source 102 may have a back-pressure sensing system that can shut down the flow of oxygen
or reduce the low oxygen flow during a sensed increased pressure at the wound 210.

[0058] If the pressure in the wound 210 is not greater than the predetermined pressure
threshold, the oxygen source 102 continues to provide oxygen at 424.

[0059] At 428, the method 400 can determine whether the oxygen saturation is
greater than a predetermined saturation threshold. For example, the predetermined saturation
threshold may be within a range of approximately 50%-80%, and more preferably the
predetermined saturation threshold may be approximately 60%. The therapy system 100 can
be configured to provide a concentration of oxygen at high levels of >80% over time in some
embodiments, which can improve the pO2 levels in the wound 210. If the oxygen saturation
is not greater than the predetermined saturation threshold, the oxygen levels provided from
the oxygen source 102 can be increased at 432.

[0060] If the oxygen saturation is greater than the predetermined saturation threshold
at 428, the oxygen source 102 can continue to provide oxygen at 436.

[0061] At 440, the method 400 can determine whether the wound 210 has been
provided with oxygen for a predetermined time threshold. The predetermined time threshold
may be set by a doctor or other medical professional, for example, and may be based on the
type, size, or severity of the wound 210, or some combination of the type, size, and severity.
For example only, the predetermined time threshold may be within a range of 5 minutes to 72
hours or longer. If the wound 210 has not been provided with the oxygen for the
predetermined time threshold at 440, the method 400 returns to 416 to determine whether the
pressure in the wound 210 is greater than the predetermined pressure threshold.

[0062] If the wound 210 has been provided with the oxygen for the predetermined
time threshold at 440, the method 400 ends at 444 and the oxygen source 102 can be powered

down.
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[0063] At 408, after the therapy system 100 is connected to the wound 210, both the
oxygen source 102 and the negative-pressure source 118 can be powered on. Referring to
Figure 5, the method 500 for using the negative-pressure unit 204 is illustrated.

[0064] Method 500 starts at 504. At 508, the negative-pressure source 118 can begin
providing negative pressure. The valve 120 may be positioned between the negative-pressure
interface 242 and the container 106 for regulating the negative pressure supplied to the
wound 210. The negative-pressure source 118 can creates a continuous negative pressure on
the valve 120 in some examples. In some embodiments, the negative-pressure delivered to
the valve 120 can be affected by the head-pressure drop and length of the fluid path between
the negative-pressure source 118 and the valve 120. If the dressing 104 is well sealed, a
static column of fluid may form in the fluid path between the valve 120 and the negative-
pressure source 118, and the output of the negative-pressure source 118 may be increased to
compensate in some embodiments. For example, the pump pressure delivered to the
container 106 may be increased by -70 mmHg to -120 mmHg to achieve a non-therapeutic
pressure at the valve 120 within a target range of about -20 mmHg to -40 mmHg in some
embodiments.

[0065] At 512, the method 500 determines whether the pressure is within the target
range at the valve 120. In some embodiments, for example, the pressure sensor 110 may be
positioned near the valve 120 to determine the pressure at the valve 120. If the pressure is not
within the target range at 512, the output of the negative-pressure source 118 can be increased
or decreased at 516. The method 500 can then re-check the pressure at the valve 120 at 512.

[0066] If the pressure is within the target range at 512, the negative-pressure source
118 can continue to provide low-level negative pressure to the valve 120 at 420. For example
only, the negative pressure may continue to be supplied such that the pressure delivered to the
valve 120 is in the range of -20 mmHg to -40 mmHg.

[0067] At 524, the method 500 determines whether exuded fluid is pushing on the
valve 120. The valve 120 can be configured to have an opening pressure that is very finely
balanced such that exuded fluid pushing on the valve 120 is the force that opens the valve
120. In operation, if the volume of exuded fluid and oxygen in the wound 210 fills the
wound 210, the exuded fluid will be forced by atmospheric pressure to push against the cover
116, travel up the negative-pressure interface 242 to the valve 120. The valve 120 can open

intermittently, as a result of the pressure from the exuded fluid, to allow the fluids through
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and into the fluid conductor 238. The negative pressure in the fluid conductor 238 can
advance the fluids to the container 106 for storage.

[0068] If exuded fluid is not pushing on the valve 120 at 524, the valve 120 can
remain closed and the negative-pressure source 118 can continue to provide low-level
negative pressure at 528. For example only, the negative pressure may continue to be
supplied such that the pressure delivered to the valve 120 is in the range of -20 mmHg to -40
mmHg. The method 500 can re-check if exuded fluid is pushing on the valve 120 at 524.

[0069] At 540, the method 500 determines whether the wound 210 has been provided
with oxygen for a predetermined time threshold. The predetermined time threshold may be
set by a doctor or other medical professional, for example, and may be based on the type and
severity of the wound 210. For example only, the predetermined time threshold may be
within a range of 5 minutes to 72 hours or longer. If the wound 210 has not been provided
with oxygen for the predetermined time threshold at 540, the method 500 returns to 512 to
determine whether the pressure at the valve 120 is within the target range.

[0070] If the wound 210 has been provided with the oxygen for the predetermined
time threshold at 540, the method 500 ends at 544 and the negative-pressure source 118 is
powered down.

[0071] The systems, apparatuses, and methods described herein may provide
significant advantages. For example, some embodiments of the therapy system 100 may
provide a continuous supply of oxygen to a tissue site, while also removing excess quantities
of fluids once a dressing has been satiated, which may be advantageous for acute wounds
with relatively larger volumes of exudate. The therapy system 100 can also increase the
levels of oxygen within a tissue site to greater than 80% over time, improving the pO2 levels
in the tissue in some examples. The therapy system 100 can also actively remove naturally-
exuded fluid without absorbent dressings, which can be particularly advantageous for
medium to high exuding wounds such as large VLU’s or acute wounds.

[0072] 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 that fall within the scope of the appended
claims. 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.

The words “preferred” and “preferably” refer to features or embodiments that can afford
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certain benefits, under certain circumstances. However, other features or 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 claimed subject matter.
[0073] 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 104, the container 106, or both may be eliminated or separated from other
components for manufacture or sale. In other example configurations, the controller 108 may
also be manufactured, configured, assembled, or sold independently of other components.
[0074] 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 in the context of some embodiments may also be omitted, 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. An apparatus for treating a tissue site, the apparatus comprising:

a dressing configured to be sealed around the tissue site;

an oxygen source fluidly coupled to the dressing and configured to provide a low
flow of oxygen;

a valve comprising a first port and a second port, wherein the first port is fluidly
coupled to the dressing and the valve moves between a closed position
preventing flow through the valve and an open position permitting flow
through the valve; and

a negative-pressure source fluidly coupled to the second port of the valve and
providing negative pressure to the second port of the valve in an operating
range of non-therapeutic negative pressure;

wherein the valve selectively opens if a pressure differential between the first port
and the second port is equal to or greater than an opening pressure of the

valve.

2. The apparatus of claim 1, wherein the oxygen source provides a continuous flow of

oxygen at a rate not greater than 25 milliliters per hour.

3. The apparatus of claim 1, wherein the oxygen source provides a continuous flow of

oxygen at a rate not less than 3 milliliters per hour.

4. The apparatus of claim 1, wherein the operating range is from 15 millimeters of mercury

to 50 millimeters of mercury.

5. The apparatus of claim 1, wherein a positive pressure is applied on an upstream side of

the valve.

6. The apparatus of claim 1, wherein an opening pressure of the valve is at least 20

millimeters of mercury.

7. The apparatus of claim 1, further comprising a container disposed in a fluid path between

the valve and the negative-pressure source.
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8.

9.

10.

11.

12.

13.

14.

15.

The apparatus of claim 1, wherein the dressing comprises a cover configured to provide a

high-level seal or an approximate leak rate no greater than 5 milliliters per hour.

The apparatus of claim 1, further comprising:
a pressure sensor fluidly coupled to the valve; and
a controller operatively coupled to the negative-pressure source and to the pressure
sensor, the controller configured to operate the negative-pressure source to
maintain the negative pressure in the operating range based on a feedback

signal from the pressure sensor.

The apparatus of claim 1, wherein the dressing comprises a second valve configured to

release pressure in excess of approximately 30 millimeters of mercury.

The apparatus of claim 1, wherein the dressing comprises:
a tissue interface; and

a cover configured to be disposed over the tissue interface.

The apparatus of claim 11, further comprising a sealing layer disposed between the cover

and the tissue interface.

The apparatus of claim 12, wherein the sealing layer comprises a material or combination
of materials selected from a group consisting of: a silicone gel, a soft silicone,
hydrocolloid, hydrogel, polyurethane gel, polyolefin gel, hydrogenated styrenic
copolymer gel, a foamed gel, a soft closed cell foam, polyurethane, polyolefin,
hydrogenated styrenic copolymers, acrylic adhesives, and light-sensitive or light-

deactivated adhesives.

The apparatus of claim 1, wherein the dressing comprises:
a tissue interface;
a hydrophilic filler configured to be disposed over the tissue interface; and

a cover configured to be disposed over the tissue interface.

The apparatus of claim 14, wherein the hydrophilic filler comprises a material selected
from a group consisting of open-cell hydrophilic foams and super-absorbent polymers in

a form of particulates, fibers, or textiles.
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16.

17.

18.

19.

20.

21.

22.

23.

The apparatus of claim 14, wherein the hydrophilic filler comprises an assembly of super

absorbent textile between two or more layers of non-woven textile.

The apparatus of claim 14, further comprising a sealing layer disposed between the cover

and the hydrophilic filler.

The apparatus of claim 17, wherein the sealing layer comprises a material or combination
of materials selected from a group consisting of: a silicone gel, a soft silicone,
hydrocolloid, hydrogel, polyurethane gel, polyolefin gel, hydrogenated styrenic
copolymer gel, a foamed gel, a soft closed cell foam, polyurethane, polyolefin,
hydrogenated styrenic copolymers, acrylic adhesives, and light-sensitive or light-

deactivated adhesives.

An apparatus for treating a tissue site, the apparatus comprising:

a dressing configured to be sealed around the tissue site;

an oxygen source fluidly coupled to the dressing and configured to provide a
continuous flow of oxygen to the dressing at a rate not less than 3 milliliters
per hour and not greater than 25 milliliters per hour; and

a negative-pressure source fluidly coupled to the dressing and configured to
provide intermittent negative pressure to the dressing in a range from
approximately 15 millimeters of mercury to approximately 50 millimeters

of mercury.

The apparatus of claim 19, wherein the oxygen source is configured to provide a

continuous flow of oxygen at a rate not greater than 25 milliliters per hour.

The apparatus of claim 19, wherein the oxygen source is configured to provide a

continuous flow of oxygen at a rate not less than 3 milliliters per hour.

The apparatus of claim 19, further comprising a container disposed in a fluid path

between the dressing and the negative-pressure source.

The apparatus of claim 19, wherein the dressing comprises a cover configured to provide

a high-level seal or an approximate leak rate no greater than 5 milliliters per hour.
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24.

25.

26.

27.

28.

29.

The apparatus of claim 19, wherein the dressing comprises:
a tissue interface; and

a cover configured to be disposed over the tissue interface.

The apparatus of claim 24, further comprising a sealing layer disposed between the cover

and the tissue interface.

The apparatus of claim 25, wherein the sealing layer comprises a material or combination
of materials selected from a group consisting of: a silicone gel, a soft silicone,
hydrocolloid, hydrogel, polyurethane gel, polyolefin gel, hydrogenated styrenic
copolymer gel, a foamed gel, a soft closed cell foam, polyurethane, polyolefin,
hydrogenated styrenic copolymers, acrylic adhesives, and light-sensitive or light-

deactivated adhesives.

The apparatus of claim 19, wherein the dressing comprises:
a tissue interface;
a hydrophilic filler configured to be positioned over the tissue interface; and

a cover configured to be disposed over the tissue interface.

The apparatus of claim 27, further comprising a sealing layer disposed between the cover

and the hydrophilic filler.

The apparatus of claim 28, wherein the sealing layer comprises a material or combination
of materials selected from a group consisting of: a silicone gel, a soft silicone,
hydrocolloid, hydrogel, polyurethane gel, polyolefin gel, hydrogenated styrenic
copolymer gel, a foamed gel, a soft closed cell foam, polyurethane, polyolefin,
hydrogenated styrenic copolymers, acrylic adhesives, and light-sensitive or light-

deactivated adhesives.
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30. A method for treating a tissue site, the method comprising:

fluidly coupling the tissue site to an oxygen source;

fluidly coupling the tissue site to a negative-pressure source through a valve
moving between a closed position preventing flow through the valve and an
open position permitting flow through the valve;

reducing pressure proximate to the tissue site to a non-therapeutic level;

delivering oxygen from the oxygen source to the tissue site;

maintaining a negative pressure at a downstream side of the valve in a range from
approximately 15 millimeters of mercury to approximately 50 millimeters
of mercury; and

selectively opening the valve when a positive pressure is applied to an upstream

side of the valve.

31. The systems, apparatuses, and methods substantially as described herein.
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