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PEEL AND PLACE DRESSING FOR NEGATIVE-PRESSURE TREATMENT

RELATED APPLICATION

{0061 ] This application claims the benefit, under 35 U.S.C. § 119(e), of the {iling of
U.S. Provisional Patent Application senal number 02/650,572, entitled “ASSEMBLY
FEATURES AND METHODS FOR A PEEL-AND-PLACE DRESSING FOR USE WITH
NEGATIVE-PRESSURE TREATMENT,” filed March 30, 2012; U.5. Provisional Patent
Application serial number 62/633,438, entitied “COMPOSITE DRESSINGS FOR
IMPROVED GRANULATION AND REDUCED MACERATION WITH NEGATIVE-
PRESSURE TREATMENT,” filed February 21, 2018; U.S. Provisional Patent Apphication
serial number 62/623,325, entitled “METHODS FOR MANUFACTURING AND
ASSEMBLING DUAL MATERIAL TISSUE INTERFACE FOR NEGATIVE-PRESSURE
THERAPY,” filed Januwary 29, 2018; U.S. Provisional Patent Application seral nurmber
2/625,704, entitled “CUSTOMIZABLE COMPOSITE DRESSINGS FOR IMPROVED
GRANULATION AND REDUCED MACERATION WITH NEGATIVE-PRESSURE
TREATMENT,” filed February 2, 2018; U5, Provisional Patent Apphication seral namber
02/616,244, entitled “COMPOSITE DRESHSINGS FOR IMPROVED GRANULATION
AND REDUCED MACERATION WITH NEGATIVE-PRESSURE TREATMENT,” filed

January 11, 2018; U.S. Provisional Patent Application serial number 62/615,821, entitled
"METHODS FOR MANUFACTURING AND ASSEMBLING DUAL MATERIAL
TISSUE INTERFACE FOR NEGATIVE-PRESSURE THERAPY,” filed lanuary 10, 2018;
U.S. Provisional Patent Application serial number 62/013,494, entitled “PEEL AND PLACE
DRESSING FOR THICK EXUDATE AND INSTILLATION,” filed January 4, 2018; U.S.
Provisional Patent Apphcation serial number 62/592,950, entitled “MULTI-LLAYER
WOUND FILLER FOR EXTENDED WEAR TIME,” filed November 30, 2017; U.S.
Provisional Patent Apphcation serial number 62/576,49K, entitled “SYSTEMS,
APPARATUSES, AND METHODS FOR NEGATIVE-PRESSURE TREATMENT WITH
REDUCED TISSUE IN-GROWTH,” filed October 24, 2017: U.N. Provisional Patent
Application serital number 62/363,754, entitied “COMPOSITE DRESSINGS FOR
IMPROVED GRANULATION AND REDUCED MACERATION WITH NEGATIVE-
PRESSURE TREATMENT,” filed September 29, 2017; U5, Provisional Patent Application

serial number 62/516,540, entitled “TISSUE CONTACT INTERFACE,” filed June 7, 2017;
|
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U.S. Provisional Patent Application serial number 02/516,550, entitled “COMPOSITE
DRESSINGS FOR IMPROVED GRANULATION AND REDUCED MACERATION
WITH NEGATIVE-PRESSURE TREATMENT filed Jane 7, 2017 and U.S. Provisional
Patent Application senal number 62/516,366, entitied “"COMPOSITE DRESSINGS FOR
IMPROVED GRANULATION AND REDUCED MACERATION WITH NEGATIVE-
PRESSURE TREATMENT" filed June 7, 2017, each of which 1s incorporated herein by

reference for all purposes.

TECHNICAL FIELD

100021 The mvention set forth in the appended claims relates generally (o tissue
freatment systems and more particularly, but without limitation, to dressings {or tssue

treatment and methods of using the dressings [or tissue treatment.

BACKGROUND

U683 ] Climcal studies and practice have shown that reducing pressure in proximity
{0 a tissue site can augment and accelerate growth of new tissue at the tssue site. The
apphications of this phenomenon are numerous, but it has proven particularly advantageous
for treating wounds. Regardiess of the etivlogy of a wound, whether trauma, surgery, or
another cause, proper care of the wound 1s important (o the ouicome. Treatment of wounds
or other tissue with reduced pressure may be conunonly referred {0 as "negative-pressure
therapy,” but 1s also known by other names, mchiding "negative-pressurg wound therapy,”
‘reduced-pressure therapy,” "vacuumn therapy,” "vacuum-assisted closure, and Ttopical
negauve-pressure,” for exampie. Negative-pressure therapy may provide a number of

benefits, including migration of epithehial and subcutaneous tissues, umproved blood tlow,

=

and mucro-deformation of tissue at a wound site. Together, these benefifs can increase
development of granulation tissue and reduce heahing times.

{3384 ] There 1s also widespread acceptance that cleansing a tissue site ¢an be highly
beneficial for new tissue growth., For example, a wound or a cavity can be washed out with a
hgquid solution for therapeutic purposes. These pracuces are commonly relerred to as
A ’ P A it . W PRGN - P it e . L N . . . + . ~. , S o e

urigation’ and "lavage” respectuively. "Instillation” 1s another practice that generally refers

to a process of slowly introducing tluid to a tissue site and leaving the {iuid for a prescribed

¥
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period of time before removing the fhuid. For example, mstllation of topical treatment
soluftons over a wound bed can be combined with negative-pressure therapy to further
promote wound healing by loosemng soluble contaminants a2 wound bed and removing
infectionus matenial. As a result, soluble bacterial burden can be decreased., contaminants
removed, and the wound cleansed.

00051 Whale the chinical benefits of negative-pressure therapy and/or wnstillation
therapy are widely known, improvements to therapy systems, componenis, and processes

may benelit healthcare providers and patients.

L
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BRIEF SUMMARY

QU861 New and useful systems, apparatuses, and methods for treating tssue m a
neganve-pressure therapy environment are set forth in the appended claims.  filustrative
erabodiments are also provided to enable a person skilled in the art to make and use the
claimed subject matter.

[BG87 ] For example, 1n some embodiments, a dressing for treating fissue may be a
composite of dressing layers, including a manittold comprising or consisting essentially of a
three-chmensional textile. Suitable textiles may include a tabric of polyester and cotton or a
polyester spacer fabric. In some examples, the fabnc may have a close-woven laver of
polyester on one or more opposing faces of the mantfold. The close-woven layer of polyester
may be configured to face a tissue site 1n use. In some embodiments, the maniiold may
additionally or aliernatively include a matenal that can be stretched hnearly in at least one
dimension, which can allow the dressing (o deform into deep wounds.  Silicone or other
suitable hydrophobic polvmer may be coated on the three-dimensional texiie in some
embodiments, which can provide additional advantages without impeding the stretch
detormation charactenstics of the dressing.

0088 ] More generally, a dressing for treating a tissue site with negative pressure may
comprise a tissue interface comprising a three-dimensional textile of polyester fibers and a
polymer coating on the polvester fibers. In some examples, the three-dimensional textile may
be a three-dimensional weave of polyester fibers, and the polymer coating may be
hydrophobic. In more particular embodiments, the polymer coating may be silicone or
polyethylene, for example.

[BU8Y ] The dressing may additionally nclude a drape disposed over the tissue
interface and a port fhudly coupled to the fissue interface through the drape.

{0818 The tissue interface may be applied over a tissue site, and therapeutic levels of
negative pressure may be applied to the tissue site through the tissue intertace.

(0011 ] Objectives, advantages, and a preferred mode of making and using the claimed
subject matier may be understood best by reference to the accompanying drawings in

conjunction with the following detailed description of tHustrative embodiments.



CA 03066065 2015-12-03

WO 2018/226744 PCT/US2018/036129

BRIEF DESCRIPTION OF THE BDRAWINGS

[BUE2] Figure 1 s a functional block diagram of an example embodiment of a therapy
system that can provide ussue treatment in accordance with this specification;

(0883 ] Figure 2 1s an assembly view of an example of a dressing, illustrating
additional details that may be associated with some example embodiments of the therapy
sysiem of Figure 1;

3834} Fioure 3 1s a schematic view of an example configuration of fhud restrictions
irt a layer that may be associated with some embodiments of the dressing of Figure 2;

[BUES] Figure 4 15 an assembly view of another example of a dressing, iHustrating
additional details that may be associated with some example embodiment of the therapy
system of Figure i

[0816] Figure 5 1s a schematic view of an example configuration of apertures in 4
fayer that may be associated with some embodiments of the dressing of Figure 4;

(3837} Figure 6 18 a schematic view of the example laver of Pigure 5 overiaid on the
example layer of Figure 3;

QOR8] Figure 7 18 a schematc view of another example of a layer that may be
associated with some embodiments of a dressing;

{0818 Figure 8§ i1s a perspective view of another example configuration of lavers that
may be associated with the dressing of Figure 2; and

{30261 Digure 9 1s a partial cutaway view of another example configuration of layers

that may be associated with the dressing of Figure 2.

R
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DESCRIPTION OF EXAMPLE EMBODIMENTS

18211 The following description of example emboduments provides information that
enables a person skilled 1n the art (o make and use the subject matter set forth 1n the appended
claims, but it may onut certain details already well-known 1n the art. The following detailed
description s, therefore, to be taken as ilustrative and not limiting.

(30221 The example embodiments may also be described herein with reference {o
spatial relationships between various elements or (o the spatial onentation of various
clements depicted in the attached drawings. In general, such relationships or onentation
assume a {rame of reference consistent with or relative to a patient in a position (o receive
freatment. However, as should be recogmized by those skalled 1n the art, this frame of
reference 15 merely a descriptive expedient rather than a strict prescription.

00231 Figure 1 18 a sstmplified functional block diagram of an example embodiment
of a therapy system 100 that can provide negative-pressure therapy with mstillation of topical
treatment solutions o a tissue site 1n accordance with this specification.

[ B8241 The term “fissue site” in thus context broadly refers to a wound, defect, or
other treatment target located on or withun tissue, mclading, but not hmited to, bone ussue,
adipose fissue, muscie tssue, neural tissue, dermal tissue, vascular {issue, connective (issue,
cartilage, tendons, or higaments. A wound may include chronic, acute, traumatic, subacute,
and dehisced wounds, partial-thickness burns, ulcers (such as diabetic, pressure, or venous
insutficiency ulcers), tlaps, and graits, for example. The term “tissue site” may also refer o
areas of any {issue 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,
negatve pressure may be apphied to a ussue site to grow additional fissue that may be
harvested and {ransplanted.

{08251 The therapy system 100 may include a source or supply of negative pressure,
such as a negative-pressure source 103, and one or more distribufion components. A
distribution component 1s preferably detachable and may be disposable, reusable, or
recyclable. A dressing, such as a dressing 110, and a fhad container, such as a container 115,
are examples of distribution components that may be associated with some exampies of the
therapy system 100, As illustrated 1n the example of Figure 1, the dressing 110 may
comprise or consist essentially of a tissue interface 120, a cover 125, or both in some

embodiments.
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33261 A Tluld conductor is another ilustrative example of a distribution component.
A “fhnd conductor,” 1 this context, broadly includes a tube, pipe, hose, conduit, or other
structure with one or more lununa or open pathways adapted to convey a fhnd between two
ends. Typically, a tube 1s an elongated, cylindrnical structure with some flexibility, but the
geometry and nguhity may vary. Moreover, some fluid conductors may be molded into or
otherwise integrally combined with other components. Distribulion components may also
inciude or comprise mierfaces or fiuid ports to facihitate coupling and de-coupling other
components. In some embodiments, for example, a dressing interface may factlitate coupling
a {hnd conductor to the dressing 110, Por example, such a dressing interface may be a
SENSAT.R.A.C.IM Pad available from Kinetic Concepts, Inc. of San Antomo, Texas.

(08271 The therapy systerm 100 may also include a regulator or controlier, such as a
controller 130, Additionally, the therapy system 100 mayv include sensors {o measure
operating parameters and provide feedback signals to the controlier 130 wmdicative of the
operating parameters. As iHustrated in Figure 1, for example, the therapy system 100 may
include a first sensor 133 and a second sensor 1440 coupied to the controller 130.

8281 The therapy system 100 may also include a source of instillation solution. For
example, a solution source 145 may be fluidly coupled to the dressing 110, as illustrated in
the example embodiment of Figure 1. The solution source 145 may be fluidly coupled to a
posifive-pressure source such as a positive-pressure source 130, a negative-pressure source
such as the negative-pressure source 1035, or both in some embodiments. A regulator, such as
an mstiliation regulator 135, may also be thudly coupled to the solution source 145 and the
dressing 110 to ensure proper dosage of nstiilation solution (e.g. saline) to a tssue site. For
example, the mstillation regulator 135 may comprise a piston that can be pneumatically
actuated by the negative-pressure source 105 to draw mstillation solution from the solution
source during a negative-pressure nterval and to instill the solution to a dressing during a
venting nterval.  Additionally or altemnatively, the controller 130 may be coupled to the
negative-pressure source 103, the positive-pressure source 130, or both, to control dosage of
nstiilation solution o a tssue site.  In some embodiments, the mstllation regulator 155 may
aiso be fluidly coupled to the negative-pressure source 105 through the dressing 11{, as
tilustrated in the example of Figure 1.

U281 Some components of the therapy systern 100 may be housed within or used in
conjunction with other components, such as sensors, processing units, alarm indicators,

menory, databases, software, display devices, or user interfaces that further facilitate therapy.

i
!
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Hor exampie, in some embodiments, the negative-pressure source 105 may be combined with
the controller 130, the solution source 143, and other components into a therapy umt.

U381 In general, components of the therapy systern 100 may be coupled directly or
indirectly. For example, the negative-pressure source 105 may be directly coupled to the
container 113 and may be mdirectly coupled to the dressing 110 through the contamner 1135,
Coupling may mnclade fiuid, mechanical, thermal, electrical, or chemical couphing (such as a
chemical bond), or some combination of coupling 1 some contexts. PFor example, the
negative-pressure source 105 may be electrically coupled to the controlier 130 and may be
fhundly coupled to one or more distribution components to provide a thud path (o a tissue site.
In some embodiments, components may also be coupled by virtue of physical proximity,
being mtegral o a single structure, or being formed from the same piece of matenal.

(06311 A negative-pressure supply, such as the negative-pressure source 103, mayv be
a reservolr of air at a negative pressure or may be a manual or electncally-powered device,
such as a vacuum pump, a suction pump, a wall suction port avadable at many healthcare
factlities, or a micro-pump, for example. “Negative pressure” generally refers {o a pressure
less than a local ambient pressure, such as the ambient pressure in a local environment
external to a sealed therapeufic environment. In many cases, the local ambient pressure may
aiso be the atmospheric pressure at which a tissue site 1s 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 (o
imcreases 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 105 may
vary according to therapeutic requirements, the pressure 18 generally a low vacuuam, also
commonly referred to as a rough vacuum, between -5 nun Hg (-667 Pa) and -300 muim Hg (-
66.7 kPa). Commeon therapeuiic ranges are between -50 mm He (-6.7 kPa) and -300 mm Hg
(-39.9 kPa}.

00321 The container 115 15 representative of a container, canister, pouch, or other
storage component, which can be used to manage exudates and other flds withdrawn from a
fissue sie. in many environments, a rnigid container may be preferred or reguired for
collecting, stonng, and disposing of thaids. In other environments, flaids may be properly
disposed of without rigid container storage, and a re-usable container could reduce waste and

costs associated with negative-pressure therapy.
&
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33331 A controller, such as the controller 130, may be a microprocessor or computer
programmed to operate one or more components of the therapy system 100, such as the
negauve-pressure source 105, In some embodiments, for example, the controlier 130 may be
a nucrocontroller, wiuch generally comprises an integrated circuit CORLaning 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 (o the
negative-pressure source 103, the pressure generated by the negative-pressure source 103, or
the pressure distributed to the tissue interface 120, for example. The controlier 130 1s also
preferably configured to receive one or more input signals, such as a feedback signal, and

programmed to modity one or more operating parareters based on the input signals.

(08341 Sensors, such as the first sensor 135 and the second sensor 140, are generally
known in the art as any apparatus operable to detect or measure a physical phenomenon or
property, and generally provide a signal mndicative of the phenomenon or property that 1s
detected or measured. For example, the first sensor 135 and the second sensor 140 may be
configured o measure one or more operating parameters of the therapy system 100, in some
embodiments, the first sensor 135 may be a transducer configured (o measurg pressure in a
pneumatic patbway and convert the measurement to a signal indicative of the pressure
measured. In some embodiments, for example, the first sensor 135 may be a piezo-resistive
strain gauge. The second sensor 140 may optionally measure operating parameters of the

negative-pressure source 103, such as a voltage or current, 1n some embodiments. Preferably,

the signals from the first sensor 135 and the second sensor 140 are suitable as an input signal
to the controller 130, but some signal conditioning may be appropriate i some embodiments.
Hor example, the signal may need to be filtered or amplified before it can be processed by the
controller 130. Typically, the signal 15 an electrical signal, but may be represented in other
forms, such as an optical signal.

08351 The tissue interface 120 can be generally adapted to partially or fully contact a
tissue site. The tissue mtertace 120 may take many forms, and may have many sizes, shapes,
or thicknesses, depending on a varniety ol factors, such as the type of treatment being
tmplemented or the nature and size of a fissue site. For example, the size and shape of the
tissue interface 120 may be adapted to the contours of deep and wrregular shaped tissue sites.
Any or all of the surfaces of the tssue interface 120 may have an uaneven, coarse, or jagged

profile.
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{00361 In some embodiments, the tissue interface 120 may comprise or consist
essentially of a manifold. A mantfold 1n this context may comprise or consist essentially of a
means for collecting or distnbuting fluid across the tissue interface 120 under pressure. For
example, a manifold may be adapted to receive negative pressure from a source and distribute
negative pressure through multiple apertures across the tissue mnterface 120, which may have
the effect of collecting fluid from across a tissue site and drawing the tlaid toward the source.
In some embodiments, the fhud path may be reversed or a secondary fhad path may be
provided to factlitate dehvering fluid, such as fluid from a source of instillation solution,
across a tissue site.

(U371 In some emboduments, the cover 125 may provide a bactenal barner and
protection from physical trauma. the cover 123 may also be constructed from a maternal that
can reduce evaporaitive losses and provide a fiuid seal between two components or two
environments, such as between a therapeutic environment and a local external environment.
The cover 125 may comprise or consist of, {or example, an elastomeric filim or membrane
that can provide a seal adequate to mainiain a negative pressure at a tissue site tor a given
negative-pressare source. The cover 125 may have a lugh moisture-vapor transmission rate
(MVTR} 1 some apphications. For example, the MVTR may be at least 230 grams per
square meter per twenty-four hours 1n some embodiments, measured using an upright cup
technique according to ASTM E96/E96M Upnight Cup Method at 33°C and 10% relative
humichity (RH). In some embodiments, an MVTR up to 3,000 grams per square meter per
twenty-four hours may provide effective breathability and mechanical properties.

(0038 ] In some example embodiments, the cover 125 may be a polymer drape, such
as a polyurethane film, that 1s permeable to water vapor but unpermeable to liquid. Such
drapes typically have a thickness in the range of 25-50 pucrons. For permeable materials, the
permeability generally should be low enough that a desired negative pressure may be
maintained. The cover 125 may compnse, for example, one or more of the following
materials: polyurethane (Pl)), such as hydrophilic polyurethane; cellulosics; hydrophilic
polyamides; polyvinyl alcohol; polyvinyl pyrrolidone; hydrophilic acrylics; silicones, such as
hydrophilic silicone elastomers; natural rubbers; polyisoprene; styrene butadiene rubber;
chioroprene rubber; polybutadiene; mirtle rubber; butyl rubber; ethviene propyilene rubber;
cthylene propylene diene monomer; chiorosulfonated polyethviene; polysulfide rubber;
ethylene vinyl acetate (EV A); co-polyester; and polyether block polvmide copolymers. Such

materials are commercially available as, for example, Tegaderm® drape, conunercially
()
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avatlable from 3M Company, Minneapolis Minnesota; polyurethane (PU)  drape,
commercially available from Avery Denmison Corporation, Pasadena, {Califorma; polyether
block polyamude copolymer (PEBAX), tor example, from Arkema S.A., Colombes, France;
and Inspire 2301 and Inpsire 2327 polvurethane films, commercially available from
Expopack Advanced Coatings, Wrexham, Untted Kingdom. In some embodiments, the cover
125 may comprise INSPIRE 2301 having an MVTR (apright cup technigue) of 2600 g/m~/24
bhours and a thickness of about 30 microns.

F3339] An attachment device may be used o attach the cover 125 (o an attachiment
surface, such as undamaged epidernmus, 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 configured to bond the cover 123 to epidernus around a tissue
site. In some embodiments, for example, some or all of the cover 125 may be coated with an
adhesive, such as an acryvhic adhesive, which may have a coating weight of about 25-635 grams
per square meter (g.s.m.). Thicker adhesives, or combinations of adhesives, may be apphed
in some embodiments (o 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.

[ 3348] The solution source 145 may also be representative of a container, canister,
pouch, bag, or other storage component, which can provide a solution for instillation therapy.
Composifions of solutions may vary according to a prescnbed therapy, but exampiles of
soiutions that may be suitable for some prescrnptions include hypochliorite-based solufions,
silver mitrate (0.53%), sulfur-based solutions, biguamdes, cationic solufions, and isofonic
solutions.

QU411 In operation, the ussue mterlace 120 may be placed within, over, on, or
otherwise proximate to a fissue site. I the tissue site 1s a wound, for example, the fissue
interface 120 may partially or completely fill the wound, or it may be placed over the wound.
The cover 125 may be placed over the tissue interface 120 and sealed to an attachment
surface near a tissue site. For example, the cover 125 may be sealed to undamaged epidermus
peripheral to a tssue site. thus, the dressing 110 can provide a sealed therapeutic
environment proximate (o a tissue site, substantially isolated from the external environment,
and the negative-pressure source (U5 can reduce pressure in the sealed therapeuuc

environment.,
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33421 The finid 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 mechamcs applicable to
negatve-pressure therapy and mstllation are generally well-known o those skilled in the art,
and the process of reducing pressure may be described ilustratively herein as “delivering,”

29

“distnibuting,” or “generating’ negative pressure, for example.

[ 0043] In general, exudate and other fluid flow toward lower pressure along a fluid
path. Thus, the term “downstream’ typically imphies something in a thud path relatively
closer to a source of negative pressure or further away from a source of positive pressure.
Conversely, the term “apstreamt” wmphies something relatively further away from a source of
negatve pressure or closer to a source of posttive pressure. Sumuarly, 1t may be convenient
to describe certain features in terms of thud “inlet” or “outlet” 1n such a frame of reference.
This ornentation 1s generally presumed for purposes of describing various features and
components herein. However, the flud path may also be reversed in some apphications, 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.

844 ] Negative pressure applied across the tissue site through the tissue mnterface
120 in the sealed therapeutic environment can induce macro-strain and mucro-sirain in the
tissue site. Negative pressure can also remove exudate and other flud from a fissue site,
which can be collected in container 113,

{30451 In some embodiments, the controlier 130 may receive and process data {rom
One Or more sensors, such as the first sensor 133, The controller 130 may also control the
operation of one or more components of the therapy system 100 to manage the pressure
delivered to the tissue mterface 120 In some embodiments, controller 130 may include an
input for receiving a desired target pressure and may be progranumned for processing data
relating to the setting and mputting of the target pressure to be applied to the tissue ntertace
120, In some example embodiments, the target pressure may be a fixed pressure value set by
an operator as the target negative pressure deswed for therapy at a tissue sute and then
provided as mput to the controller 130. The target pressure may vary from fssue site to
fissue site based on the type of tissue fornung a tssue site, the type of inpury or wound (if
any), the medical condition of the patient, and the preference of the attending physician. Alter

selecting a desired target pressure, the controlier 130 can operate the negalive-pressure source
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105 1 one or more conirol modes based on the target pressure and may receive feedback
from one or more sensors to maintain the target pressure at the tissue interface 120,

[BU46] Figure 2 1s an assembly view of an example of the dressing 110 of Figure 1,
illustrating additional details that may be associated with some embodiments 1n which the
tissue intertace 120 comprises more than one layer. In the example of Figure 2, the tissue
interface 120 comprises a first layer 205 and a second layer 210, In some embodiments, the
first layer 2035 may be disposed adjacent to the second layer 210. For example, the first layer
205 and the second layer 210 may be stacked so that the first layer 205 i1s in contact with the
second layer 210, The hirst layer 205 may also be bonded to the second layer 210 1n some
ernbodiments. In some embodiments, the second layer 210 may be coextensive with a face of
the first layer 203.

38471 The first layer 205 generally comprises or consists essentially of a manifold or
a manatold laver, whach provides a means for collecung or distibuting fhud across the ussue
interface 120 under pressure. For exarmnple, the first layer 2035 may be adapted to receive
negative pressure from a source and distribute negative pressure through multiple apertures
across the tissue interface 120, which may have the effect of collecting flwmd from across a
fissue sife and drawing the thnd toward the source. In some embodiments, the Hud path may
be reversed or a secondary fiuid path may be provided to facilitate delivering fhad, such as
from a source of instillation solution, across the tissue terface 120.

38481 In some illustrative embodiments, the pathways of the first layer 205 may be
interconnected to improve distribution or collection of fhuds.,  In some 1illustrafive
>mibodiments, the first layer 205 may comprise or consist essentially of a porous matenal
having interconnected fluid pathways. Examples of suitable porous material that comprise or
can be adapted to form nterconnected fluid pathways {(e.g., channels) may include cellular
foam, including open-cell foam such as reticulated foam; porous tssue collections; and other
porous material such as gauze or felted mat that generally include pores, edges, and/or walls.
Liginds, gels, and other foams may also include or be cured to include apertures and fluid
pathways.  In some embodiments, the first laver 205 may additonally or alternatvely
comprise projections that form interconnected fiuid pathways. For example, the first layer
205 may be molded to provide surface projections that define interconnected flumd pathways.

84S ] In some embodiments, the first laver 203 may comprise or consist essentually
of a reticulated foam having pore sizes and free volume that may vary according to needs of a

prescribed therapy. For example, a reticulated foam having a free volume of at least 90%
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may be suitable for many therapy applications, and a toam having an average pore size in a
range of 400-600 microns may be particularly suitable for some types of therapy. The tensile
strength of the first layer 205 may also vary according to needs of a prescribed therapy. For
example, the tensile strength of a foam may be increased for mnstiliation of topical freatment
soluttons. The 25% compression load deflection of the first layver 205 may be at least (.35
pounds per square inch, and the 63% compression load detlection may be at least (0.43
pounds per square inch. In some embodiments, the tensile strength of the first layer 205 may
be at least 10 pounds per square inch. The first layer 205 may have a tear strength of at least
2.5 pounds per inch. In some embodiments, the first layer 205 may be a foam comprised of
polyols such as polyester or polyether, 1socvanate such as toluene dnsocyanate, and
polymenzation modifiers such as amines and tin compounds. In some examples, the first
layer 205 may be a reticulated polyurethane foam such as used in GRANUFOAM™ dressing
or V.A.C. VERAFLO™ dressing, both avatlable from KCI of San Antomio, Texas.

| 0850] Other suitable materials for the first layer 203 may include non-woven fabrics
(Libeltex, Freudenberg), three-dimensional (3D} polymeric structures {molded polymers,
embossed and formed fudms, and fusion bonded films [ Supracore ), and mesh, for example.

[BU51 ] In some examples, the first layer 205 may include a 3D textile, such as various
fextiles commercially available from Baltex, Muller, and Heathcoates. A 3D texiile of
polyester fibers may be particularly advantageous tor some embodiments, For example, the
first layer 205 may comprise or consist essentially of a three-dimensional weave of polyester
fibers. In some embodiments, the fibers may be elastic in at least two dimensions. A
puncture-resistant fabric of polyester and cotton fibers having a weight of about 630 grams
per sguare meter and a thuckness of about 1-2 mulhimeters may be particularly advantageous
for some embodiments. Such a puncture-resistant fabric may have a warp tensile strength of
about 330-350 kilograms and a well tensile strength of about 270-280 kilograms in some
embodiments, based on a 30 mullimeter sample tested according to B34650. Another
particularly sutable matertal may be a polyester spacer fabric having a weight of about 470
grams per square meter, which may have a thuckness of about 4-3 mulhimeters 1 some
embodiments. Such a spacer {abric may have a compression strength of about 20-25
kilopascals (at 40% compression), as measured according to INO 3336-1. Additionally or
alternatively, the hirst layer 2035 may comprise or consist of a material having substantial
hinear stretch properties, such as a polyester spacer {abric having 2-way stretch and a weight

of about 380 grams per square meter. A suitable spacer fabric may have a thickness of about
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3-4 mullimeters, and may have a warp and welt tensile strength of about 30-40 kilograms in
some embodiments, as measured according to B5S40630 on a 30 miudlometer sample. The fabric
may have a close-woven layer of polvester on one or more opposing faces in some examples.
Hor example, a suitably tight weave may leave a space or pore between the warp and well
fabrics having a width less than 1 milhimeter, and iess than 0.5 millimeters in some exampies.
In some embodiments, a woven layer may be advantageously disposed on a first layer 205 to
face a tissue sife.

138521 The first layver 205 generally has a first planar surface and a second plana
surface opposite the first planar surface. The thickness of the first layer 205 between the hirst
planar surface and the second planar surface may also vary according o needs of a prescribed
therapy. For example, the thickness of the first layer 205 may be decreased {o relieve stress
on other layers and to reduce tension on peripheral tissue. The thickness of the first layer 205
can also allect the conformability of the first laver 205, In some embodiments, a suitable
foam may have a thuckness in a range of about 5 millimeters to 10 mallumeters.  Fabnics,
including suttable 3D textdes and spacer fabrics, may have a thickness in a range of about 2
nmuilimeters to about 8 millimeters,

10853 ] The second laver 210 may comprise or consist essentially of a means {or
controliing or managing flud flow. In some embodiments, the second layer 210 may
comprise or consist essenially of a hiquid-impermeable, elastomeric material. For example,
the second layer 210 may comprise or consist essentially of a polymer film. The second layer
210 may also have a smooth or matte suriace texture 1n some embodiments. A glossy or
shiny himish better or equal to a grade B3 according to the SPl (bociety of the Plastics
Industry} standards may be particularly advantageous for some applications. In some
ernbodiments, vanations 1 surface height may be lumted to acceptable tolerances. FPor
example, the surface of the second layer 210 may have a substantially flat surface, with
hetght varations hmited to 0.2 miudlimeters over a centimeter.

0854} In some embodiments, the second layer 210 may be hydrophobic.  The
nyvdrophobicity of the second layer 210 may vary, but may have a contact angie with water of
at least minety degrees in some embodiments. In some embodumnents the second layer 210
may have a contact angle with water of no more than 150 degrees. For example, in some
ernbodiments, the contact angle of the second layer 210 may be 1o a range of at least 90
degrees to about 120 degrees, or in a range of at least 120 degrees to 150 degrees. Water

contact angles can be measured using any standard apparatus. Although manual goniometers
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can be used to visually approximate contact angles, contact angle measuring instruments can
often include an integrated system involving a level stage, hupnd dropper such as a syringe,
camera, and soltware designed (o calculate contact angles more accurately and precisely,
among other things. Non-limiting examples of such mntegrated systems may include the
FTA125, FTA200, FTA2000, and FTA4000 systems, all commercially available from First
Ten Angstroms, Inc., of Portsmouth, VA, and the DTAZS, DTAZY, and DTALIOU systems, all
commercially avatlable from Kruss GmbH of Hamburg, Germany. Unless otherwise
specified, water contact angles herein are measured using deionized and distilled water on a
level sample surface for a sessile drop added from a height of no more than 3 ¢m 10 air at 20-
25°C and 20-30% relative humidity. Contact angles reporied herein represent averages of 3-9
measured  values, discarding both the highest and lowest measured values.  The
hvdrophobicity of the second layer 210 may be further enhanced with a hydrophobic coating
of other matenrials, such as silicones and fluorocarbons, either as coated from a hqud, or
plasma coated.

383551 The second laver 210 may also be suitable for welding to other layers,
including the first layer 205, Por example, the second layer 210 may be adapted for welding
to polyarethane foams using heat, radio freguency (RIE)} welding, or other methods to
generate heat such as ultrasomc welding. RE welding may be particulariy suitable for more
polar materials, such as polyurethane, polyanudes, polyesters and acrylates. Sacrificial polar
interfaces may be used to facditate REF welding of less polar {ilm materials, such as
polyethyiene.

00561 The area density of the second laver 210 may vary according to a prescribed
therapy or apphcation. In some embodiments, an area density of less than 40 grams per
square meter may be suitable, and an area density of about 20-30 grams per sguare meter may
be particularly advantageous {or some applications.

{08571 In some embodiments, for example, the second layer 210 may comprise or
consist essentially of a hydrophobic polymer, such as a polyethylene film. The siumple and
mert structure of polyethylene can provide a surtace that interacts little, if any, with
biological tissues and fluids, providing a surface that may encourage the free tlow of higuids
and low adherence, which can be particularly advantageous for many applications. Other
suitabie polvmeric films mmchide polyurethanes, acrvhics, polyolefin (such as ¢ychic olefin
copolymers ), polvacetates, polyanudes, polyesters, copolyesiers, PEBAX block copolymers,

thermoplastic  elastomers, thermoplasiic vulcanizates, polyvethers, polyvinyl alcohols,
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polypropyiene, polyvmethyvipentene, polycarbonate, styreneics, stlicones, fluoropolymers, and
acetates. A thuckness between 20 nucrons and 100 mucrons may be suitable for many
applications.  Films may be clear, colored, or prninted. More polar films suitable for
fanmunating to a polyethylene film include polyanude, co-polyesters, 1onomers, and acrylics.,
To aid in the bond between a polyethviene and polar film, tie layers may be used, such as
ethylene vinyl acetate, or modihied polyurethanes. An ethyl methvl acrylate (EMA)} {ilm may
aiso have suitable hydrophobic and welding properties for some configurations.

33581 As illustrated in the example of Figure 2, the second layer 210 may have one
or more tluid restrictions 220, which can be distributed umitormly or randomly across the
second layer 210, The tlaid restrictions 220 may be bi-directional and pressure-responsive.
Hor exampie, each of the fluid restnictions 220 generally may comprise or consist essentiaily
of an elastic passage that 1s normally unstrained to substantially reduce igquid flow, and can
expand or open 1 response to a pressure gradient.  In some embodiments, the fluid
restrictions 220 may comprise or consist essentially of perforations in the second layer 210.
Pertorations may be formed by removing material from the second layer 210. For exampile,
perforations may be formed by cutting through the second layer 210, which may also detorm
the edges of the perforations i some embodiments.  In the absence of a pressure gradient
across the perforations, the passages may be sufficiently smail to form a seal or fhwud
restriction, which can substantially reduce or prevent liquid flow.  Additionally or
alternatively, one or more of the fhad restrictions 220 may be an elastomeric valve that 1s
normally closed when unstrained to substantially prevent hiquud flow, and can open in
response (o a pressure gradient. A fenestration in the second layer 210 may be a suitable
valve tor some applications. Fenestrations may also be formed by removing matenal from
the second layer 2140, but the amount of matenal removed and the resulting dimnensions of the
fenestrations may be up to an order of magmtude less than perforations, and may not deform
the edges.

| 0858} For example, some embodiments of the fhad restrictions 220 may comprise or
consist essentially of one or more shits, slots or combmations of shis and slots 1 the second
laver 210, In some examples, the fhud restrictions 22() may comprise or consist of linear
slots having a length iess than 4 millimeters and a width less than | nullimeter. The length
may be at least 2 millimeters, and the width may be at least 0.4 oullimeters i some
emmbodiments. A length of about 3 millumeters and a widih of about 0.8 mullimeters may be

particularly suitable for many applications, and a tolerance of about 0.1 nullimeter may also
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be acceptable. Such dimensions and tolerances may be achieved with a laser cutter, for
example. Slots of such conbigurations may function as imperfect valves that substantially
reduce higud Hlow in a normally closed or resting state. For example, such slots may form a
flow restriction without being compieiely closed or sealed. The siots can expand or open
wider in response to a pressure gradient to allow mcreased hgquid flow.

0068] In the example of Figure 2, the dressing 110 may {urther imclude an
attachment device, such as an adhesive 244. The adhesive 24U may be, for example, 4
medically-acceptable, pressure-sensitive adhesive that extends about a periphery, a portion,
or an entire surface of the cover 125, In some embodiments, for example, the adhesive 240
may be an acryvlic adhesive having a coaung weight between 25-65 grams per sguare meter
(gz.s.n ). Thicker adhesives, or combinations of adhesives, may be applied in some
embodiments to improve the seal and reduce leaks. In some embodiments, such a layer of the
adhesive 240 may be continuous or discontinaous. Ihscontinuifies 1 the adhesive 240 may
be provided by apertures or holes (not shown} in the adhesive 2440. The apertures or holes in
the adhesive 244 may be formed after application of the adhesive 240 or by coating the
adhiesive 244 m patterns on a carner layer, such as, for example, a side of the cover 125,
Apertures or holes in the adhesive 240 may also be sized to enhance the MVTR of the
dressing 110 in some example embodiments.

0861} As illustrated 1n the example of Figure 2, 1n some embodiments, the dressing

110 may include a release liner 245 to protect the adhesive 240 prior to use. The release hiner

245 may also provide stiffness to assist with, for exampie, deployment of the dressing 110,

The release liner 245 may be, for example, a casting paper, a Iilm, or polyethylene. Purther,
in some embodiments, the release liner 2435 may be a polyester material such as polyethylene
terephthalate (PET), or simiar polar senu-crystathine polymer. The use of a polar semu-
crystalline polymer for the release hner 245 may substantially preclude wrinkling or other
deformation of the dressing 110. For exampie, the polar semi-crystalline polyimer miay be

tghly onentated and resistant to sottemng, swelling, or other deformation that may occur

g,
when brought into contact with components of the dressing 110, or when suabjected to
temperature or environmental vanations, or stertlization. Further, a release agent may be
disposed on a side of the release liner 245 that 1s configured to contact the second layer 210.
For example, the release agent may be a sihicone coaling and may have a release factor

,ﬂ}

suifabie to faciiitate removal of the release hiner 245 by hand and without damaging or

deforming the dressing 110, In some embodiments, the release agent may be a fluorocarbon
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or a tluorostlicone, for example. In other embodiments, the release liner 245 may be
ancoated or otherwise used without a release agent.

U621 Figure 2 also 1Hustrates one example of a fluid conductor 250 and a dressing
interface 2355. As shown m the example of Figure 2, the fluid conductor 250 may be a
flexible tube, which can be fhmdly coupled on one end to the dressing interface 255. The
dressing interface 235 may be an elbow connector, as shown in the example of Figure 2,
which can be placed over an aperture 260 1n the cover 125 to provide a flud path between the
fhaid conductor 230 and the tissue interface 120.

QU631 Iigure 3 1s a schematic view of an example of the second layer 210,
tlustrating additional details that may be associated with some embodiments. As ullustrated
in the example of Figure 3, the thud restrnictions 220 may each consist essenfially of one or
more hnear slots having a length L. A length of about 3 millimeters may be particularly
suitable for some embodiments. Higure 3 additionally ilustrates an exarople of a umtorm
distribution pattern of the fud restrictions 220. In Figure 3, the flud restnictions 224 are
substantially coextensive with the second layer 210, and are distributed across the second
faver 210 1 a grid of parallel rows and columns, in which the slots are also mutually parallel
to each other. In some ernbodiments, the rows may be spaced a distance D1, A distance of
about 3 millimeters on center may be suitable for some embodiments. The fhud restrictions
220 within each of the rows may be spaced a distance D2, which may be about 3 mullimeters
on center in some examples. The tloid restrictions 220 1n adjacent rows may be ahgned or
offset 1n some embodiments. For example, adjacent rows may be offset, as illustrated in
Higure 3, so that the fiuid restrictions 220 are aligned in alternating rows and separated by a
distance D3, which may be about 6 millimeters in some embodiments. The spacing of the
fhind restrictions 220 may vary i some embodiments (o increase the density of the fhud
restrictions 220 according to therapeufic requirements.

08641 One or more of the components of the dressing 110 may additionally be
treated with an antimicrobial agent in some embodiments. For example, the first layer 205
may be a foam, mesh, or non-woven coated with an antmucrobial agent.  In some
embodiments, the first layer may comprise antinucrobial elements, such as fibers coated with
an antimicrobial agent. Additionally or alternatively, some embodiments of the second layer
210 may be a polymer coated or muxed with an antimucrobial agent. In other examples, the
fhnd conductor 230 may additionally or alternatively be treated with one or more

antimicrobial agents. Suifable antimicrobial agents may include, Tor example, metallic silver,
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PHMB, iodine or its complexes and nuxes such as povidone iodine, copper metal
compounds, chiorhexiding, or some combination of these matenals.

U651 Additionally or alternatively, one or more of the components may be coated
with a muxture that mav include citric acid and collagen, which can reduce bio-films and
infections. Hor example, the first layer 205 may be a foam coated with such a mixture.

| 0866] Individual components of the dressing 110 may be bonded or otherwise
secured to one another with a solvent or non-solvent adhesive, or with thermal welding, for
example, without adversely affecting fluid management.

8671 The cover 125, the fhirst laver 205, and the second laver 210, or various
combinations may be assembled before application or in sit. For example, the cover 123
may be lamunated to the first laver 203, and the second layer 210 may be lanunaied (o the
first layer 205 opposite the cover 125 1n some embodiments. The second laver 210 may
provide a smooth surface opposite the lirst layver 203, In some embodiments, one or more
fayers of the tissue mterface 120 may be coextensive. For example, the second layer 210 may
be cut thush with the edge of the first layer 205, exposing the edge of the first layer 203, as
tllustrated 1n the embodiment of Figure 2. In other embodiments, the second layer 210 may
overlap the edge of the furst layer 205, In some embodiments, the dressing 110 may be
provided as a single, composite dressing. For example, the second layer 210 may be coupled
to the cover 125 to enclose the first layer 205, wherein the second laver 210 1s configured to
face a tissue site.

[00638] In use, the release liner 245 (if included) may be removed to expose the
second faver 210, which may be placed within, over, on, or otherwise proxumate (o a tssue
site, particularly a surface tissue site and adjacent epidernmns. The second layer 210 may be
interposed between the first fayer 205 and the tissue site and adjacent eprdermas, which can
substantially reduce or eliminate adverse interaction with the first layver 205. For example,
the second layer 210 may be placed over a surface wound (including edges of the wound) and
undamaged epidernus to prevent direct contact with the first layer 205, Treatment of a
surface wound or placement of the dressing 110 on a surface wound nchides placing the
dressing 110 tmmediately adjacent to the surface of the body or extending over at least a
portion of the surface of the body. Treatment of a surface wound does not include placing the
dressing 110 wholly within the body or wholly under the surtface of the body, such as placing

a dressing within an abdomuinal cavity. The cover 125 may be sealed to an aftachment
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surface, such as eprdermis peripheral to a tissue site, around the first layer 205 and the second
fayer 210.

[BU6Y] The geometry and dimensions of the tissue mierface 120, the cover 125, or
both may vary {o suil a particular application or anatomy. For example, the geometry or
dimensions of the tissue nterface 120 and the cover 123 may be adapted to provide an
effective and reliable seal against challenging anatomical surfaces, such as an elbow or heel,
at and around a fissue sife. Additionally or alternatively, the dimensions may be modified (o
increase the surface area for the second laver 210 to enhance the movement and prohiferation
of epithelial cells at a tissue site and reduce the hkehhood of granulation tissue in-growth.

QU781 Thus, the dressing 110 i the example of Figure 2 can provide a sealed
therapeutic environment proximate o a fissue site, substanfially 1solated from the external
environment, and the negative-pressure source 105 can reduce the pressure in the sealed
therapeutic environment. Negative pressure in the sealed environment may compress the first
fayer 205 mto the second laver 210, which can deform the surface of the second laver 210 1o
provide an uneven, coarse, or jagged profile that can induce macrostrain and micro-strain in
the tissue site in some embodiments. Negative pressure applied through the tssue interface
120 can also create a negative pressure differential across the fhnd restrictions 220 in the
second laver 210, which can open the thad restrictions 220 to aliow exudate and other hgud
movement through the flud restrictions 220 into the first laver 205 and the container 115,
Hor example, in some embodiments i which the fluid restnictions 220 may comprise
perforations through the second layer 210, a pressure gradient across the perforations can
strain the adjacent maternial of the second laver 210 and increase the dimensions of the
perforations to allow liquid movement through them, stmilar to the operation of a duckbill
valve.

(08711 In some embodiments, the first layer 205 may be hydrophobic to minimize
retention or storage of hguid 1n the dressing 110, In other embodiments, the first iayer 205
may be hydrophilic. In an example in which the first layer 205 may be hydrophilic, the first
fayer 205 may also wick {had away from a tissue site, while contimnng to distribute negative
pressure to the tissue site. The wicking properties of the first layer 205 may draw fhund away
from a tissue stte by capillary tlow or other wicking mechanisms, for example. An example
of a hydrophilic first laver 205 1s a polyvinyl alcohol, open-cell toam such as V.A.C.
WHITEFOAM™ dressing avaulable from KL of San Anfonio, Texas., Uther hydrophilic

foams may include those made from polyether. (ther foams that may exhibit hydrophilic
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characteristics include hydrophobic foams that have been treated or coated to provide
hydrophlicity.

(U721 I the negative-pressure source 103 18 removed or tumed-olt, the pressure
differential across the fiuid restrictions 220 can dissipate, allowing the thud restriciions 220
to return to an unsirained or resting state and prevent or reduce the return rate of exudate or
other hguid moving to the tissue site through the second layer 210.

[0073] In some applications, a filler may also be disposed between a tissue sife and
the second laver 210, For example, it the tissue site 1s a surface wound, a wound filler may
be applied interior to the pentwound, and the second layer 210 may be disposed over the
pertwound and the wound {iller. In some embodiments, the filler may be a mamiold, such as
an open-cell foam. The filler may comprise or consist essenfially of the same matenal as the
first layer 205 in some embodiments.

[ 0874] Additionally or alternatively, the fissue mterface 120 may be formed nto
strips suitable for use as bridges or to il tunnel wounds, for example. Stnps having a width
of about 5 mullimeters to 30 mullimeters may be suttable for some embodiments.

Q875 ] Addittonally or alternatively, the second layer 210 may comprise reinforcing
fibers to increase s tensile strength, which may be advantageous for use 1 tunnel wounds.

[0476] Addiionally or alternatively, instillation solution or other {hud may be
distributed to the dressing 110, which can increase the pressure in the tissue nterface 120,
The increased pressure 1n the tssue interface 120 can create a positive pressure differential
across the thud restrictions 220 in the second layer 210, which can open or expand the fluid
restrictions 220 from their resting state to allow the mstliation solution or other fluid o be
distributed to the tissue site.

{8771 Figure 415 an assembly view of another example of the dressing 110 of Figure
i, dlustrating additional details that may be associated with some embodiments in which the
tissue interface 120 may comprise additional lavers. In the example of Figure 4, the tissue
interface 120 comprises a third layer 405 1n addition to the first layer 205 and the second
fayer 210, In some embodiments, the third layer 405 may be adjacent to the second layer 210
oppostie the first layer 203, the thurd layer 405 may also be bonded to the second layer 210
in some embodiments.

[BU78] The thard laver 403 may comprise or consist essentially of a sealing layer
formed from a soft, phiable matenial suitable for providing a thud seal with a fissue site, and

may have a substantially flat surface. For example, the third layer 405 may comprise,
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without limitation, a sticone gel, a soit silicone, hydrocolioild, hydrogel, polyurethane gel,
polyolefin gel, hydrogenated styremic copolymer gel, a foamed gel, a soft closed cell foam

such as polyuarethanes and polyolefins coated with an adhesive, polvurethane, polyolelin, or

hyvdrogenated styremic copolymers. In some embodiments, the third laver 405 may have a
thickness between about 200 microns (um) and about 1000 microns (um). In some

embodiments, the third layer 4035 may have a hardness between about 5 Shore OO0 and about

30 Shore OO, Further, the third layver 405 may be comprised of hydrophobic or hydrophilic
materiais.

QU791 In some embodiments, the third layer 405 may be a hydrophobic-coated
matenal. For example, the third layer 405 may be formed by coating a spaced matenal, such
as, for example, woven, nonwoven, moided, or extruded mesh with a hydrophobic matenal.
The hvdrophobic matenial for the coating may be a soft silicone, for example. Alternatively,
the second layer 210 and the thuird layver 405 may be onutted, and the first layer 203 may be at
least partially coated with a hydrophobic polymer, sach as stlicone or polyethvlene. For
example, the first layer 205 may comprise or consist essentially of a three-dimensional textile
coated with sidicone.  The coating may be confinuous or discontinuous.  In some
ernbodiments, only one side of the first layver 205 may be coated. In other embodiments, both
sides of the {irst layer 205 may be coated, or the coating may be applied all the way through
the first layer 203.

| 0088] The third layer 4035 may have a periphery 410 surrounding or around an

interior porfion 415, and apertures 420 disposed through the perniphery 410 and the inienior

portion 4135, The intenor portion 415 may correspond to a surface area of the first layer 205
in some exampies. The thurd layer 405 may also have corners 425 and edges 430. The

corners 423 and the edges 430 may be part of the penphery 410. The third layer 4035 may

have an intenor border 433 around the inferior portion 4135, disposed between the interior
portion 415 and the periphery 410, The inferior border 435 may be substantially free of the
apertures 420, as dlustrated in the example of Figure 4. In some examples, as illustrated in
Figure 4, the mtenor portion 415 may be symunetnical and centrally disposed in the thard layer
4433,

3381} The apertures 420 may be formed by cutting or by application of local RE or

altrasonic energy, for example, or by other suitable techmgques for forming an opemng. The

apertures 420 may have a uniform distribution patiern, or may be randomdy distributed on the

third laver 405, The apertures 420 in the third layer 405 may have many shapes, inciuding
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circles, squares, stars, ovals, polygons, shits, complex curves, rectilinear shapes, triangles, for
example, or may have some combination of such shapes.

U821 Fach of the apertures 420 may have undorm or stnular geometric properties.

Hor example, i some embodiments, each of the apertures 420 may be ciurcular apertures,

having substantially the same diameter. In some embodiments, each of the apertures 420

may have a diameter of about 1 millimeter o about 50 midlimeters. In other embodiments,

the diameter of each of the apertures 420 may be about | millimeier to about 20 millimeters.
38831 In other embodiments, geometric properties of the apertures 420 may vary.
Hor example, the diameter of the apertures 420 may vary depending on the position of the

apertures 420 1n the thard layer 403, as illustrated 1o Figure 4. In some embodiments, the

diameter of the apertures 420 m the periphery 410 of the thud laver 405 may be larger than
the diameter of the apertures 420 in the nterior portion 415 of the third layer 403, For
exarple, in some embodiments, the apertures 420 disposed in the peniphery 410 may have a
diameter between about Y.8 mullimeters and about 14.2 mullimeters. In some embodiments,
the apertures 420 disposed in the comers 425 may have a diameter between about 7.73
mibimeters and about 8.75 mulhimeters. In some embodiments, the apertures 420 disposed in
the interior portion 415 may have a diameter between about 1.8 mallimeters and about 2.2
miimeters.

{00841 At least one of the apertures 420 n the periphery 410 of the thurd layer 405
may be positioned at the edges 430 of the periphery 410, and may have an interior cut open
or exposed al the edges 430 that 1s 1n fluid communication m a lateral direction with the

A

>dges 430, The lateral direction may refer to a durection toward the edges 430 and in the

same plane as the third layer 405, As shown in the example of Figure 4, the apertures 420 1n

the periphery 410 may be posituoned proximate to or at the edges 430 and i fhad

communication 1n a lateral direction with the edges 430. The apertures 420 positioned
proximate to or at the edges 430 may be spaced substantially equidistant around the periphery
410 as shown in the example of Figure 4. Alternatively, the spacing of the apertures 420
proximate to or at the edges 430 may be wrregular.

33851 As illustrated in the example of Figure 4, in somie embodiments, the release
hner 245 may be attached to or positioned adjacent to the third laver 405 to protect the
adhesive 2440 prior to use. In some embodiments, the release liner 245 may have a surface

fexture that may be imprinted on an adjacent layer, such as the thard layer 405. Further, a
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release agent may be disposed on a side of the release liner 245 that is configured to contact
the third layer 403,

HBUB6] Figure 515 a schematic view of an example configuration of the apertures 420,
illustrating additional details that may be associaied with some embodiments of the third
layer 405, In some embodiments, the apertures 420 illustrated in Figure 5 may be associated

only with the intenor portion 413, In the example of Figure 3, the apertures 420 are generally

circular and have a diameter 34, which may be about 2 millimeters in some embodiments.
Figure 5 also illustrates an example of a uniform distribution pattern of the apertures 420 in
the interior portion 415, In Figure 3, the aperturegs 420 are distributed across the intenor
porfion 415 1 a gnd of parallel rows and colurnns.  Within each row and column, the
apertures 420 may be equidistant from each other, as illustrated in the example of Figure 3.
Figure 5 iHustrates one example configuration that may be particularly suitable for many
apphcations, in which the apertures 420 are spaced a distance DS apart along each row and
column, with an offset of D6. In some examples, the distance DS may be about 6
miilimeters, and the ofiset D6 may be about 3 millimeters.

887 | Figure 6 15 a schematic view of the example third laver 405 of Hgure 3
overtard on the second layer 210 of Figure 3, illustrating additional details that may be
associated with some example embodiments of the fissue interface 120. For example, as
tilustrated 1n Figure 6, the fhud restrictions 220 may be aligned, overlapping, in registration
with, or otherwise flmdly coupled to the apertures 420 1n some embodiments. In some

>mibodiments, one or more of the fluid restricuions 220 may be registered with the apertures

420 only in the mtenor portion 413, or only partially registered with the apertures 420. The
fhad restrictions 220 in the example of Figure 6 are generally configured so that each of the
fhind restrictions 220 15 registered with only one of the apertures 420. In other exampies, one
or more of the thud restrictions 220 may be registered with more than one of the apertures
420. For example, any one or more of the flumd restrictions 220 may be a perforation or a
fenestration that extends across two or more of the apertures 420. Additionally or
alternatively, one or more of the fwd restrictions 220 may not be registered with any of the
apertures 420,

[ BUas ] As dlustrated 1n the example of Figure 0, the apertures 420 may be sized to
expose a portion of the second layer 210, the Hwd restrnictions 220, or both through the thard
fayer 403, In some embodiments, one or more of the apertures 235 may be sized o expose

more than one of the fluid restrictions 220. For example, some or all of the apertures 235
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may be sized to expose two or three of the fluid restrictions 220, In some examples, the
length of each of the fluid restrictions 220 may be substantially equal to the diameter of each
of the apertures 420, More generaily, the average dimensions of the tlud restnictions 220 are
substantially similar {o the average dimensions of the apertures 420. For example, the
apertures 420 may be elliptical in some embodiments, and the length of each of the fhud
restrictions 220 may be substantially egual to the major axis or the munor axis. In some
>mibodiments, though, the dimensions of the thud restrictions 220 may exceed the dimensions
of the apertures 42{}, and the size of the apertures 420 may hmit the effective size of the fhud
restrictions 220 exposed to the lower surface of the dressing 110.

HBU8Y ] Individual components of the dressing 110 10 the example of Figure 4 may be
honded or otherwise secured to one another with a solvent or non-solvent adhesive, or with
thermal welding, tor example, without adversely alfecting fluid management. Further, the
second layer 210 or the first layer 205 may be coupled to the border 433 of the thurd layer 4035
in any sutlable manner, sach as with a weld or an adhesive, {or example.

{3398 The cover 125, the first layer 205, the second layer 210, the third layer 4035, or
vartous combinations may be assembled belore apphication or in sitie. For example, the cover
125 may be lanunated to the first layer 203, and the second layer 210 may be laminated to the
first layer 205 opposite the cover 125 1n some embodiments. The third layer 403 may also be
coupled to the second layer 210 opposiie the first layer 205 in some embodumnents. In some

embodiments, one or more layers of the tissue imterface 120 may be coextensive. Por

>xample, the second layer 210, the third layer 403, or both may be cut flush with the edge of
the first layer 203, exposing the edge of the first layer 205, In other embodiments, the second
fayer 214, the third layer 405, or both may overlap the edge of the first layer 205, In some
ernbodiments, the dressing 110 may be provided as a smngle, composite dressing.  For
example, the third layer 405 may be coupled to the cover 125 to enclose the first laver 205
and the second layer 210, wherein the third layer 405 may be configured to face a tissue siie.
Addiionally or alternatively, the second layer 210, the thard layer 403, or both may be
disposed on both sides of the first layer 205 and bonded together to enclose the first layer
205, In some examples, the thurd layer 405 may comprise or be replaced with strips of
simitlar or analogous features. Por example, strips of perforated silicone having a backing
with an adhesive coating may be advantageous. The strips may be provided as a kit to be

applied 1n situ, or may be applied as an mntegrated edge border 1 a compostte dressing in
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some embodiments. A hight-switchable adhesive may also be advanftageous in some
examples.

HOUY1 ] In use, the release himer 245 (U mchided) may be removed to expose the third

faver 405 of the exampie of Figure 4, which may be placed within, over, on, or otherwise
proximate (o a tissue site, particularly a surface tissue site and adjacent epidermis. The third
fayer 4035 and the second laver 210 may be interposed between the first layer 205 and the
fissue site, which can substantiaily reduce or eliminate adverse interaction with the first layer
205. For example, the third laver 405 may be placed over a surface wound (inchuding edges
of the wound) and undamaged epidermis to prevent direct contact with the first layer 205, In
some applications, the intenor portion 413 of the thard laver 405 may be positioned adjacent
{0, proximate to, or covernng a tissue site. in some applications, at least some portion of the
second layer 210, the tlad restrictions 220, or both may be exposed to a tissue site through
the third layer 403, The periphery 410 of the third layer 405 may be positioned adjacent to or
proxumate o fissue around or surrounding the bssue site. The thard layer 405 may be
sutficiently tacky to hold the dressing 110 in position, whiie also allowing the dressing 110 to
be removed or re-positioned without trauma to the tissue site.

[BUY2 ] Removing the release hiner 245 1o the example of Figure 4 can also expose the

adhesive 240 and the cover 125 may be attached to an attachment surface, such as epidermis
peripheral to a tissue site, around the first layer 205 and the second layer 210, For example,

the adhesive 240 may be in flmid commumcation with an attachment surface through the

apertures 420 in af least the penphery 410 of the third layver 405, The adhesive 240 may also

be mn fiumd communication with the edges 430 through the apertures 420 exposed at the edges
430,

08931 Once the dressing 110 15 10 the desired position, the adhesive 240 may be

pressed through the apertures 420 to bond the dressing 110 to the attachment surface. The
apertures 420 at the edges 430 may permit the adhesive 240 to flow around the edges 430 for
enhancing the adhesion of the edges 430 to an attachment surface.

| 0094 ] In some embodiments, apertures or holes 1n the third layer 403 may be sized (o
control the amount of the adhesive 240 m fluid communication with the apertures 420. For a
given geometry of the corners 4235, the relative sizes of the apertures 420 may be configured
to maxanuze the surface area of the adhesive 240 exposed and in fluid commnunication
through the apertures 420 at the corners 423, Por example, as shown in Figure 4, the edges

430 may intersect at substantially a right angle, or about 90 degrees, to define the corners
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425. In some embodiments, the corners 425 may have a radigs of about 10 muilimeters.
Hurther, 1n some embodiments, three of the apertures 420 having a diameter between about

775 muthimeters to about 8.7 mullimeters may be positioned mn a tnangular configuration at

the comers 423 to maximize the exposed surface area for the adhesive 240. In other
emabodiments, the size and number of the apertures 420 1n the corners 425 may be adjusted as

necessary, depending on the chosen geometry of the corners 425, to maximize the exposed

surface area of the adhesive 2440, Further, the apertures 420 at the comers 423 may be fully
housed within the third laver 405, substantially precluding tluid communication in a lateral
direction exterior to the corners 4.25. The apertures 420 at the corners 425 being fully housed
within the third layer 405 may substantially preclude flwmd communication of the adhesive
2440 exterior to the corners 423, and may provide umproved handhing of the dressing 110
during deployment at a tissue site. Further, the exterior of the corners 425 being substantially
free of the adhesive 240 may mncrease the tlexability of the corners 425 1o enhance comiort.

[ 3895] In some embodiments, the bond strength of the adhesive 240 may vary m
ditferent locations of the dressing 110, For example, the adhesive 240 may have a lower
bond strength in locations adjacent to the third layer 4035 where the apertures 420 are
relatively larger, and may have a lgher bond strength where the apertures 420 are smaller.

A

Adhesive 240 with lower bond strength in combination with larger apertures 420 may

provide a bond comparable to adhesive 244 with higher bond strength in locations having
smaller apertures 420.

[0096] The geometry and dimensions of the tssue interface 120, the cover 125, or
both may vary to suit a parficular application or anatomy. Por example, the geometry or
dimensions of the tissue interface 120 and the cover 123 may be adapted to provide an
effective and reliable seal agamst challenging anatomucal surfaces, such as an etbow or heel,
at and around a tissue site. Additionally or alternatively, the dimensions may be modified to
increase the surface area for the third layer 403 to enhance the movement and proliferation of
epithehal cells at a tissue site and reduce the hikehhood of granulation tissue m-growth.

0097 ] Further, the dressing 110 may perot re-applicauon or re-positioning (o reduce
or elinunate leaks, which can be caused by creases and other discontinuities in the dressing
110 or a tissue site. The ability to rectidy leaks may increase the rehiability of the therapy and

reduce power consumplion in some ermnbodiments.

{00981 Thus, the dressing 110 in the example of Figure 4 can provide a sealed

therapeuiic environment proximate t0 a fissue site, substantially 1solated from the external
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environment, and the negative-pressure source 105 can reduce the pressure in the sealed
therapeutic environment. The thard layer 405 may provide an elfective and reliable seal
against challenging anatomucal surfaces, such as an elbow or heel, at and around a tissue sile.
Hurther, the dressing 110 may permit re-apphcation or re-positioning, to correct air leaks
caused by creases and other discontinuities in the dressing 110, for exampie. The ability to
rectify leaks may increase the efficacy of the therapy and reduce power consumplion in some
>mbodiments.

38991 I not already configured, the dressing inferface 253 may be disposed over the
aperture 260 and attached to the cover 125, The fluid conductor 230 may be {hudly coupled
o the dressing interface 255 and to the negative-pressure source (U3,

G106 Negative pressure applied through the tissue interface 120 can create a
negative pressure differential across the thud restrictions 220 in the second layer 210, which
can open or expand the tluid restrictions 220, For example, in some embodiments in which
the tluid restrictions 220 may comprnise substanfially closed fenestrations through the second
layer 214}, a pressure gradient across the fenestrations can strain the adjacent materniai of the
second laver 210 and increase the dimensions of the fenestrations to aliow higuid movement
through them, similar to the operation of a duckbill valve. Opemng the fluid restrictions 220
can allow exudate and other hquid movement through the thad restrictions 220 into the first
layer 205 and the container 115, Changes mn pressure can also cause the first laver 203 to
expand and contract, and the intertor border 435 may protect the epidermis from irrifation.

F+ 2

The second layer 210 and the third layer 4035 can also substantially reduce or prevent

>xposure of fissue o the first layer 205, which can mbhubit growth of tissue infto the first layer
203.

UG It the negative-pressure source 1UD 1s removed or turned off, the
pressure differential across the fluid restrictions 220 can dissipate, allowing the fhud
restrictions 220 to close and prevent exudate or other hguid from returning to the tissuye sie
through the second layer 210.

[OOT02] In some apphcations, a filler may also be disposed between a tssue
site and the thurd layer 405, For example, if the tissue site 1s a surface wound, a wound filler
may be applied wnterior to the periwound, and the third layer 405 may be disposed over the
pertwound and the wound {iller. In some embodiments, the filler may be a mamiold, such as
an open-ceil foam. The filler may comprise or consist essentially of the same matenal as the

first layer 205 in some embodiments.
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LAY Additionally or alternatively, instillation solution or other fhuid may be

distributed to the dressing 110, which can increase the pressure in the tissue mterface 120,
The mncreased pressure in the fissue mderface 120 can create a positive pressure ditferential
across the fhud restrictions 220 in the second layer 210, which can open the thud restrictions
220 to allow the mnstiilation solution or other flud to be distributed to the tissue site.

G004 ] Figure 7 1s an assembly view of another example of the tissue interface
{20 of Figure 1. In the example of Figure 7, the second layer 210 1s disposed adjacent to two
sides of the first layer 203, In some embodiments, for example, the second laver 210 may be
laminated or otherwise mechanically bonded to two sides of the first layer 205, Additionally
or alternatively, the third layer 405 may be disposed adjacent to one or more sides of the first
fayer 203, or may be disposed adjacent to the second layer 210 as shown in the example of
Higure 7. In some embodiments, the third layer 405 may form a sleeve or envelope around
the first layer 205, the second layer 210, or both.

[ B0105] Figure 8 18 a perspective view of another example configuration of the
first layer 203 and the second laver 210, In the example of Figure 8, the second layer 210
may form a sleeve around the first layer 205, Por example, the second layer 210 may be
folded or rolled around the hirst layer 2035, and edges of the second layer 215 may be attached
{o each other. In other exampies, the edges may be attached to form a sleeve before inserting
the first layer 205, or the edges may be attached to the first layer 205. The second layer 210
may leave one or more edges of the first layer 205 exposed, as illustrated in the example of
Figure 8. The example configuration of Figure ¥ may be used i combination with or instead
of other configurations of the first laver 205 and the second laver 21 descnibed above.

LHILHGY Figure 9 1s a partial cutaway view of another example conliguration of
the first laver and the second layer 210, In the example of Figure 9, the second layer 210
may form an envelope around the hirst layver 205, Por exampie, the second layer 210 may be
disposed on two sides of the first layer 205, and the edges may be mechanically coupled to
each other around the first layer 205 to form an envelope. The example configuration of
Figure Y may be used m combination with or mstead of other conligurations of the hirst layer
205 and the second layer 210 described above.

RO | Additionally or alternatively, the second layer 210 may be omitted
from some configurations. For example, the second layer 210 may be onutied i the first
faver 205 comprises a naturally highly hydrophobic material, or 1s coated or treated to be

highly hydrophobic. In some embodiments, the first laver 205 may be processed with a
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plasma system {0 coat polyethylene, polyolefin, silicone, fluorosilicone, or another
fluoropolymer onto a polyester fabric. I the first layer 203 1s a woven fabric, the kmit of the
weave may also be adjusted to control the level of manifolding through the first layver 205.

0 108] The systems, apparatuses, and methods described herein may provide
sigmificant advantages. PFor example, some embodiments of the dressing 110 may improve
conformability for deeper wounds, and may be advantageous for mncisions or wounds over
articulating joints, such as a knee. Additionally, some dressings for negatve-pressure
therapy can require time and skill to be properly sized and applied o achieve a good fit and
seal. In contrast, some embodiments of the dressing 110 provide a negative-pressure dressing
that 15 sumple to apply, reducing the tume o apply and remove. In some embodiments, {or
exanmple, the dressing 110 may be a fully-integrated negative-pressure therapy dressing that
can be applied to a tissue sife (including on the peniwound) in one step, without being cut (o
size, while still providing or improving many benehits of other negative-pressure therapy
dressings that require sizing.  Such benefits may wmclude good manifolding, beneficial
oranulation, protection of the peripheral tissue from maceration, protection of the tissue site
from shedding materials, and a low-trauma and high-seal bond. These characteristics may be
particularly advantageous for surface wounds having moderate depth and medium-to-hugh
fevels of exudate. Some embodiments of the dressing 110 may remain on the tissue site for at
least 5 days, and some embodiments may remain for at least 7 days. Antimicrobial agents in
the dressing 110 may extend the usable life of the dressing 110 by reducing or eliminating
infection risks that may be associated with extended use, particularly use with infected or
highly exuding wounds.

| HHEGY ] Whitle shown i a lew illustrative embodiments, a person having
ordinary skill in the art will recogmize that the systems, apparatuses, and methods described
herein are susceptible to vanous 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 himut the subject to a single mstance unless clearly reguired by the
context. Components may be also be combined or ehiminated 1n varnious configurations for
purposes of sale, manufacture, assembly, or use. Por example, 1n some configurations the
dressing 110, the container 115, or both may be ebminated or separated from other
components for manufacture or sale. In other example configurations, the controlier 130 may

aiso be manuiactured, condigured, assembled, or sold independently of other components.
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[ BOE G the appended claims set forth novel and inventive aspects of the

subject matter described above, but the claims may also encompass additional sgbject matter
not specifically recited in detadd. For example, certamn features, elements, or aspects may be
omitted from the claims if not necessary {o distinguish the novel and mventive features from
what 1s already known to a person having ordinary skill i the art. Peatures, elements, and
aspects described 1n the context of some embodiments may also be omitted, combined, or
replaced by alternative {eatures serving the same, eguivalent, or sinular purpose without

departing from the scope of the mvention defined by the appended claims.
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CLAIMS

What 1s claimed 1s

(A

1E0)

i1

12.

—-
lod

A dressing for treating a tissue site with negative pressure, the dressing comprising:
a tissue mterface comprising a three-dimensional textie of polyester fibers; and

a polymer coating on the polyesier {ibers.

tThe dressing of claim 1, wheremn the three-dimensional textile 1s a three-dimensional

weave of polyester libers.
The dressing of claim 1 or claim 2, wheremn the polymer 18 hydrophobic.

The dressing of claim 1 or any of claims 2-3, wherein the three-dimensional textile has a

werght of about 470 grams per square meter.

the dressing of claim 1, wherein the three-dimensional textile further comprises cotton

fibers.

The dressing of claim 4, wherein the three-dimensional textile has a weight of about 630

ZYanis por sgudrg meter.

The dressing of claim 1, wherein the three-dimensional textiie has a weight of about 380

£ran por sgudrc meter.

F=n

the dressing of claim 7, wherein the polvester fibers are elastic in at least two

dimensions.

tThe dressing of claim 7, wherein the polymer coating 1s disconiinuous.
The dressing of claim 8, wherein the polymer 15 stlicone.

The dressing of claim 8, wherein the polymer 1s polyethylene.

The dressing of any of any preceding claym, turther comprising a seahng layer adjacent to

the tissue nterface, the sealing laver having a plurahty of apertures.

3. The dressing of any claims 1-11, wherein the fissue intertace further comprises:
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14,

i6.

i7.

19,

20).

21.

a polymer film disposed adjacent to the three-dimensional textile; and

a plurality of flutd restrictions in the polymer film.

‘The dressing of claim 12, wherein the tssue wterface further compnses:
a polymer ilm disposed adjacent to the sealing layer; and
a plurality of fluid restrictions in the polymer film fimdly coupled to the plurality

of apertures.

. 'The dressing of claim 14, wherein the polymer film 15 hydrophobic.

The dressing of claim 14, wherein the polymer {ilm has a contact angle with water greater

than 90 degrees.

The dressing of claim 14, wherein the polymer ilm 18 a polvethylene film having an area

density of less than 30 grams per square meter.

.'the dressing of claim 14, wherein the flud restrictions comprise a plurahity of slots, eac

of the slots having a length less than 4 milhmeters.

The dressing of any of claims 14, wherem the {hnd restrictions compnise a plurality of

siots, each of the slots having a width less than 2 millimeters.

The dressing of any of claims 14, wherein the thad restrictions comprnise a plurality of
siots, each of the slots having a length less than 4 millimeters and a widih less than 2

millimeters.

The dressing of claim 14, wherein the fluid restrictions comprise or consist essentially of

elastomeric valves in the polymer film that are normally closed.

. The dressing of claim 21, wherein the elastomeric valves are fenestrations.
3. The dressing of claim 21, wherein the elastomenc valves are slits.

+. The dressing of claim 21, wherein the thad restrictions compnise a plurahty of siits in the

polymer film, each of the siifs having a length less than 4 nuilimeters.

. the dressing of any of claims 12-24, wherein the sealing layer comprises a hyvdrophobic

gel.
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. 'the dressing of claum 25, wherein the hydrophobic gel 1s a silicone gel.

27, 'the dressing of any preceding claim, further comprising:

29.

3

{.

a drape disposed over the tissue intertace; and

a fluid port Hwdly coupled to the ussue mtertace through the drape.

. A method of using the dressing of any preceding claim, the method compnsing:

applying the tissue interface over the tissue site; and
applying therapeutic levels of negative pressure to the tissue site through the tissue

interface.
Use of the dressing of any of claums 1-27 to treat a tissue site with negative pressure.

The systems, apparatuses, and methods substanfially as described herein.

M.
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