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CONDUCTIVE WOUND DRESSINGS AND METHODS OF USE

CROSS REFERENCE TO RELATED APPLICATION
This application claims benefit to U.S. Provisional Application No. 60/374,769
filed April 23, 2002.

TECHNICAL FIELD OF THE INVENTION

The present invention relates to compositions and methods for the treatment of
wounds. More particularly, it relates to moisture regulating wound dressings that maintain a
moist wound healing environment, create a functional microbial barrier, reduce microbial

bioburden of the wound, and aid in healing and pain reduction.

BACKGROUND OF THE INVENTION

The treatment of wounds has become a highly developed area of scientific and
commercial investigation because increased rates of healing reduces healthcare costs and
decreases the risk of complications due to secondary infections. It is currently believed that
healing is related to the degree of injury, the immunological and nutritional status of the host,
contamination of the wound, the maintenance of the moisture level, pH and oxygen tension
of the wound surface, and the electrical parameters of the wound site in relation to the
surrounding intact, uninjured tissue. In particular, regeneration in amphibians and fracture
healing in mammals are associated with complex changes in the local direct current (DC)
electric field. It is believed that the electric field gradually returns to normal pre-injury levels
as the injury heals. Conversely, failure of the normal healing process, for example as in
fracture non-unions, is associated with the absence of appropriate electrical signals at the site
of the injury.

There have been numerous studies conducted on wound healing in amphibians
because their rate of healing is significantly greater than that of mammals. Wound healing in
mammalian skin occurs over days or even weeks, with epithelial cell migration rates ranging
from 7 (dry wound) to 20 (wet wound) micrometers/hour. Amphibian skin wounds heal

within hours, with epithelial cell migration rates ranging from 60 to more than 600
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micrometers/hr. The expedited rates of healing in amphibian skin may be partially explained
by the aqueous environment that bathes the outer surface of the epithelium. Amphibian
wounds in an aqueous environment are provided with the appropriate ions to re-establish the
electrical potential on the surface of the wound as well as provided with an environment
favorable to cell migration and reproduction.

It is generally recognized that dry wounds in mammals heal more slowly than
wounds that are kept moist by occlusive dressings. Keeping the epidermis surrounding a
wound and the wound itself moist stimulates the wound to close. Wound dressings have been
designed to retain moisture from the exudates produced by the wound and function by
preventing evaporation of fluid. Wounds that are dry and lack production of exudate must
depend upon the moisture within a self contained wound dressing. If the wound dressing
dries out, the needed moisture level for optimum wound healing will not be maintained and
the dressing will stick to the wound surface and cause disruption of cellular processes. The
lack of moisture often results in the formation of an eschar or scab, and a general slowing of
the wound healing process.

Wounds that produce an extensive amount of moisture are thought to create
another problem called skin maceration. Skin maceration is a softening of the skin or
wearing away of the skin as a result of continual exposure to bodily fluids or moisture. It is
known to cause a breakdown of the cornified epithelium, thereby reducing the physical
microbial barrier function as well as the moisture regulation function of the epidermis. With
a reduction of the microbial barrier function, the wound surface has a significantly greater
risk of contamination by pathogenic microbes from the surrounding environment. Therefore,
it is common practice to design wound dressings to reduce or prevent skin maceration by
wicking away wound fluids and storing the fluids in absorbent layers.

A common practice in the treatment of wounds is the application of
impermeable backing sheets to a wound dressing. The backing sheet functions as a moisture
retention layer as well as a physical barrier to prevent microbial penetration. The backing
sheet typically consists of a material with specified moisture vapor transmission rates
(MVTR) and provides control of the rate of evaporation of moisture from the absorbent
layer. Therefore, the backing sheet is generally impervious to liquid.

There are a variety of venting systems that can be contained within the
dressing structure for the purpose of directing wound exudates via specific pathways to

provide a controlled leakage of fluids from the wound surface to a contained absorbent layer.
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For example, in certain perforated films, the perforations are sufficient to permit wound

exudates to diffuse through the film at a rate that precludes pooling on the wound surface,
which is a common cause of maceration. These dressings must be removed when they
become saturated with exudates.

While there are numerous dressings designed to retain the moisture content of
wounds, there are still many areas of inefficiency in current treatment methods. For example,
these dressings are only effective for moist wounds and do not provide any significant benefit
for dry wounds. Wounds vary significantly in the amount of exudates or moisture produced
throughout the healing cycle. In order to maintain an effective level of moisture it is
necessary to continually change the dressings as the absorbent component reaches maximum
capacity. Conversely, it is necessary to remove the dressings and add fluid to dry wounds,
then replace the dressings. In either situation, removal of the dressing can cause disruption
of the cellular process of the wound and increase the risk of contamination by microbes.
Furthermore, it is necessary to change the types of dressings throughout the healing process
of the wound as the moisture content changes.

Besides the effect of moisture on wound healing, microbial growth at the site
of injury has a great effect on healing. In normal skin, a microbial barrier is created by the
cornified epithelium. Wounds cause destruction of the cornified epithelium as well as deeper
layers thereto, and the loss of the natural anti-microbial barrier.

The presence of microbial species at the wound site creates a bioburden that
can retard the healing process. As the bioburden of the wound decreases to bacterial counts
less than 10° CFU/ml, wound healing is enhanced. Treatment of wounds typically involves
preventing contamination by pathogenic microbes from the external environment as well as
reducing the microbial bioburden of the wound.

While there are scores of antibagt§r1a1 and antifungal agents that can be used to
treat wounds, the anti-microbial and antifungal properties of silver have been of particular
interest. However, the effectiveness of silver as an anti-microbial agent is at least partly
determined by the delivery system. Most silver compounds that dissociate readily and
produce large numbers of free silver ions are highly toxic to mammalian tissues. Less-toxic
compounds, including silver sulfadiazine cream, widely used in the treatment of burns, do
not dissociate readily and therefore do not release large numbers of silver ions. Therefore,

these compounds must be re-applied frequently to maintain their clinical efficacy.
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Silver has been used in the construction of wound dressings to actively or

passively release metallic silver particles or silver ions into the wound. Active release of
silver ions require the presence of an electrical potential that actively drives silver ions from
a source into the wound dressing or wound itself. This has been accomplished with a battery
or other power source known to those skilled in the art. Passive release of silver ions is
dependent upon the solubility of silver in aqueous solutions. The passive release of silver
ions has been called the oligodynamic release process and includes the passive dissolution of
silver into a solution.

The anti-microbial efficiency of metallic silver or silver ions is dependent
upon the microbe coming into direct contact with the surface of the metallic silver or coming
into contact with a released silver ion. Therefore, the total surface area of metallic silver and
the number of silver ions released is directly related to the level of anti-microbial activity.
Various methods have been used to create mechanisms for metallic ion transfer.

For example, the vacuum vapor deposition technique has been utilized in the
construction of wound dressings to plate metallic silver and silver salts onto a variety of
substrates. The vacuum vapor deposition technique has been modified so as to create
“atomic disorder” of the plated silver that has been reported to enhance the anti-microbial
effect by allowing the release of nanocrystaline particles of metallic silver. However, the
technique provides a flat plating pattern and does not uniformly coat the entire three-
dimensional surface of fibers.

Another mechanism used for passive release of silver ions and particles from a
wound dressing includes imbedding or placing silver particles of varying sizes in a variety of
substrates. Finely divided metallic silver in collagen has been incorporated into surgical
dressings of reconstituted collagen foam laminated to a thick continuous layer of inert
polymer. This does not allow for direct contact of the maximum number of ions with the
wound.

When connected to a voltage source, a metal anode and a return electrode have
been used as a means to deliver silver ions iontophoretically to a wound or within a wound
dressing. Electrically conductive silver-impregnated meshes, including silver-protein
colloids, have been disclosed with current densities as low as 10uA/mm®. This requires an
external power source and stationary equipment and is cumbersome for the patient.

Silver foils have been incorporated into wound dressings as a means of
supplying silver ions as an anti-microbial agent, as well as acting as an electrode for
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dispensing medications. In addition, silver has been fabricated into devices that incorporate
a means of applying a therapeutic voltage to the wound. Foils do not provide for circulation
of air, and are limited in surface area.

Compounds that slowly release silver into the wound environment have been
disclosed in substances such as water soluble glass, phosphorus pentoxide and silver oxide.
The silver impregnated glass may be in the form of a powder, granules, or woven into a
dressing. The water soluble glass releases silver secondary to the dissolution of the glass.
Such compositions have a high volume resistance and very poor conductivity.

Regardless of whether silver is provided in the form of silver ions or as a
topical composition (silver nitrate solution, silver sulfadiazine cream, or the like), its
beneficial effects are manifested primarily at the treated surface and immediately adjacent
tissues, and are limited by the achievable tissue concentration of silver ions. Despite the
availability of numerous techniques for the delivery of silver and silver compounds in vitro
and in vivo, there remains a need for a delivery system that is capable of supplying clinically
useful concentrations of silver ions to a treatment site without the need for adjuvant electrical
stimulation.

None of the available metallic ion treatment devices provide an efficient and
convenient means to restore the homeostatic electromagnetic environment for areas of
wounds. They also do not provide for maximum surface area for release of metallic ions. In
addition, the prior art does not address the need to regulate the moisture content of a wound
without manually changing the dressings, or applying liquids or medicants. This is true in
part because of the belief that a wound dressing must serve as a microbial barrier and prevent
the movement of fluids from the wound exudates. The currently available treatments for
wounds prevent microbial contamination by providing a physical barrier which must be
manipulated and interrupted as part of the treatment process. Such activities allow for
microbe contamination and interrupt the healing process.

It is believed that wound healing occurs with maximum speed and efficiency
when the wound is maintained in a moist condition without excessive wetness or dryness.
Wounds have variable hydration needs based upon the type of wound and the phase of
healing. There are many types of wound dressings on the market to meet the differing needs
of different types of wounds, however, none provide for the regulation of the fluid content of

the wound.
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What is needed is a means for treating wounds that addresses the above

problems, and provides a functional anti-microbial barrier, allows for regulation of the
moisture content of the wound, and aids in maintaining the transepithelial potential across the

epithelium.

SUMMARY OF THE INVENTION

The present invention relates to compositions and methods for making
moisture regulating wound dressings that can aid in restoring the transepithelial skin
potential, maintain a moist wound healing environment, create a functional microbial barrier,
reduce microbial bio-burden of the wound, and aid in reducing pain.

The present invention comprises wound dressings and methods of using such
dressings. Wound dressings of the present invention comprise one or more layers of
materials. One of the layers can be a layer comprising metal-plated fibers, foams or
combinations of fibers and foams. This layer, referred to as the conductive layer, comprises
fibers, foams or a combination of fiber and foams that have from approximately 0% to
approximately 100% of the surface or surfaces of the fiber or foam covered with a metal
plating, and all ranges therebetween. Fibers or foams that do not have metal plating are
referred to as nonconductive and fibers or foams with metal plating are referred to as
conductive.

Medical devices of the present invention can comprise a second layer that is an
absorbant layer. Medical devices of the present invention can comprise a third layer that is a
moisture control layer, which may be impermeable to gases or liquids or may have apertures
therein that allow transmission of differing materials such as gases, liquids or microbial or
environmental contaminants.

Preferably, the at least one conductive layer can be placed in contact with a
wound. At least a portion of the conductive layer comprises substrates coated with a coating
of a metal. Fibers include but are not limited to alginates, chitosans, polymers, synthetic and
naturally occurring fibers. Fibers may vary in composition and three dimensional structure.
A preferred conductive layer comprises a plurality of fibers wherein at least one fiber
comprises a three dimensional structure and the fiber is substantially coated with a metal.
Another preferred conductive layer comprises a polymeric foam structure wherein at least a
portion of the foam surfaces are substantially coated with a metal, or the layer comprises a

combination of fibers and foams. The plurality of fibers or foams within the conductive layer
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comprise at least one fiber or foam, having its surfaces coated with metal and include fibers

or foams that are shaped to provide a spontaneous movement of fluids such as capillary
action or wicking of fluids. Such fibers or foams are designed with grooves or channels
along the longitudinal axis of the fiber or foam and these channels serve as ducts to move
fluids , store or trap substances and provide a large surface area for a given denier per fiber or
surface area of a foam.

Preferably, additional layers of the dressing include at least one absorbent
layer and at least one moisture regulation layer having a plurality of apertures disposed
primarily in the moisture regulation layer. The apertures may vary in size from a layer with
no apertures to apertures in a size range that is occlusive to liquids but not to gases, to a size
range that allows liquids and gases to pass through, to a size that is open to microbes, such as
bacteria, viruses, fungi, parasites, and environm,ental contaminants.

An additional aspect of the invention relates to wound dressings that provide
for a capacitive effect formed by the alternation of conductive layers of fiber with non-
conductive layers.

Another aspect of the invention relates to wound dressings having a plurality
of layers arranged according to the ratio of conductive to nonconductive fibers comprising
each layer. Additional aspects of the invention relate to various configurations of the
functional shape of the novel dressings. Another aspect of the invention relates to methods
of using the novel dressings to treat wounds in a human or an animal. Further aspects of the

invention relate to methods of making the novel dressings.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is illustrated in the drawings in which like reference characters
designate the same or similar parts throughout the figures of which:

FIG. 1 is a schematic depiction of a cross-section of wounded mammalian skin
with a dressing in accordance with an embodiment of the present invention positioned over
the wounded area;

FIG. 2 is a graph of voltage verses position on the wounded skin as shown in
FIG. 1;

FIG. 3A is a representative cross-section of polymeric autocatalytic plated

fibers on a non-conductive substrate;
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FIG.

FIG. 3A;

FIG.

PCT/US03/12770
3B is a cross-section of one polymeric autocatalytic plated filament from

3C is a portion of the cross-section of one polymeric autocatalytic plated

filament of FIG. 3B;

FIG.

3D is an illustration of an enlargement of the metallic surface of a

polymeric autocatalytically plated filament representing approximately 62 pm?® ;

FIG.

4 is a graphic representation of the ionic silver release concentration from

an autocatalytically silver plated fabric measured by inductively coupled plasma

spectroscopy;

FIG.

5 1s a graphic representation of the anti-microbial activity of an

autocatalytically silver plated fabric;

FIG.
FIG.
FIG.

dressing;

FIG.
FIG.
FIG.

layer;

FIG.

dressing;

FIG.

dressing;

FIG.

wound dressing;

FIG.
FIG.
FIG.
FIG.

6A is an illustration of a possible geometric shape for apertures;
6B is an illustration of a possible geometric shape for apertures;

7 depicts a cross-section of FIG 6 illustrating one aspect of a wound

8 is an illustration of one aspect of an island wound dressing;

9 is an 1illustration of a cross-section of FIG 8;

10 depicts of a cross-section of an alternative aspect of an absorbent
11 represents a cross-section of an alternative aspect of a wound

12 is an illustration of a cross-section of an alternative aspect of a wound
13 illustrates of a cross-section of an alternative aspect of an island

14 is an illustration of a cross-section of a secondary wound dressing.

15 is a cross-section of a two-layer autocatalyticly metal plated foam.

16 is a cross-section of a one-layer autocatalyticly metal plated foam.

17 is a cross-section of an autocatalytic metal plated filament that

provides spontaneous movement of fluids

DETAILED DISCLOSURE OF THE INVENTION
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The present invention comprises compositions for medical devices and
methods for the treatment of wounds in a human or animal using the compositions and
medical devices. Though not wishing to be bound by any particular theory, it is believed that
the wound dressings aid in healing by (1) assisting with restoration of the transepithelial skin
potential; (2) creating an anti-microbial barrier to environmental pathogens without
restricting the passage of liquids and gases; (3) aiding in the regulation of the moisture
content at the wound surface and of the dressing and allowing fluids to be manually added or
removed, or to be added or removed by means of a secondary dressing; (4) allowing
medicants or liquids to be added to the wound dressing without disturbing the wound surface;
and (5) aiding in the reduction of pain originating from the wound. The present invention
comprises methods of treating wounds and methods of making the novel dressings.

For purposes of the invention, the term “wound” refers to any wounds, internal
or external to the body of a human or animal including, but not limited to, lesions, rashes,
blisters, pustules, abrasions, hives, dermal eruptions, partial thickness wounds, partial
thickness burns, incisions, skin graft sites, skin donor sites, lacerations, Stage I-IV dermal
ulcers, venous stasis ulcerations, pressure ulcerations, arterial insufficiency ulcerations,
diabetic ulcers, decubitus ulcers, organ lacerations, organ abrasions, organ tears, or external
and internal surgical wounds. For purposes of the invention, the term “organ” refers to any
part of the body of a human or animal having a special function including, but not limited to,
bone, muscle, skin, heart, eyes, liver, kidney, vascular system, lungs, reproductive organs,
and the like. The term wound can also refer to any abnormal condition of an organ of a
human or animal that results from mechanical or physiological events or conditions.

As used herein, the terms “fiber” or “fibers”, “foam” or “foams” are
interchangeable. Though the terms denote differently formed materials, where one of the
terms is used, the other or the plural of either is intended.

Dressings are provided that control the moisture levels of the wound surface
including controlling the moisture loss, altering the aperture or slit configuration of the
dressing; altering the materials of the wound contact layer; altering the absorbent
characteristics of one or more absorbent layers. Absorbent layer materials include, but are
not limited to, hydrogels, chitins, alginates, polyurethane foams, acrylates, hydrocolloids,
collagens, and cellulosic materials.

The present invention comprises medical devices comprising layers comprised

of conductive material, absorbent material and moisture retention material wherein the layers

9



10

20

25

30

WO 03/090654 PCT/US03/12770

can mean at least one layer, at least two layers, at least three layers, at least four layers, at
least five layers, at least six layers, at least seven layers at least eight layers, at least nine
layers, at least ten layers, and more.

In a first embodiment of the invention as illustrated in FIG. 7, the wound dressing
comprises at least one conductive layer, at least one absorbent layer positioned adjacent the
conductive layer or adjacent to a moisture regulation layer, and at least one moisture
regulation layer positioned adjacent to the absorbent layer or adjacent to the conductive layer
and comprising a plurality of apertures of varying sizes disposed substantially throughout and
in the moisture regulation layer.

In devices of the present invention, at least a portion of the conductive layer
comprises fibers or foams coated with a metal, wherein in a range of from approximately 0%
to approximately 100% of the surfaces of the fibers or foams are coated. The fibers or foams
may have areas of the length of the fiber or foam that are coated in a range of from
approximately 0% to approximately 100% of the surfaces . For example, in a 3 inch fiber,
the first inch is uncoated, the surface or surfaces of the second inch is 100% coated, and the
third inch is uncoated.

Uncoated or non-conducting fibers and foams, including but not limited to alginates,
chitosans, polymers, synthetic and naturally occurring fibers or foams may be placed in the
conductive layer. The metal-plated fibers and foams and the nonconductive fibers and foams
vary in composition and may or may not have a functional three dimensional structure used
for movement of fluid. A layer may include, but is not limited to a plurality of fibers wherein
at least one fiber is coated with a metal, or a layer may include a polymeric foam wherein at
least a portion of the foam comprises a three dimensional coating of a metal, and preferably,
a uniform coating of metal. The plurality of fibers where in at least one fiber comprises a
three dimensional coating of a metal may also include fiber or foam shapes that provide
movement of fluids, such as capillary action or wicking of fluids. The fibers or foams are
designed with grooves or channels along the longitudinal axis of the fiber or foams and serve
as ducts to move fluids without a pumping means, such as in capillary action, store or trap
substances and provide a large surface area or an active surface area for a given denier per
filament or foam. For purposes of the invention, the term “three dimensional coating” refers
to the circumferential, concentric, uniform coating of all the surfaces of a fiber or foam which
may be the entire length of the fiber or foam or may comprise one or more coated sections of

the fiber or foam. Preferably, during treatment, the dressing can be positioned with the
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conductive layer in contact with a wound, or with the absorbent layer in contact with the

wound.

The base substrate that is coated with a metal to form the conductive layer can
be any biocompatible, flexible, synthetic or natural material that can be formed into a film,
fiber, foam, web, or any configuration capable of supporting a metal coating and
combinations of such forms. The base substrate materials can include, but is not limited to
carbon, polyamide, glass, KEVLAR®, acetate, flax, olefin, polyethylene, rubber, saran,
spandex, vinyl, polyester, silk, wool, rayon, cotton, cellulose or combinations thereof.
Configurations include fibers, films, foams or webs comprising blends, composite materials,
or multi-component fibers, either woven, knitted or non-woven. Some individuals may have
a topical hypersensitivity to certain fiber materials, and the base fiber is preferably non-
allergenic or hypoallergenic. It is to be understood that for purposes of illustration, the
discussion refers to fibers for the conductive aspect of the invention, but can also include
conductive foams.

A preferred material for making fibers or foams used in the present invention is
any materials that has a nitrogen group or a similarly functional group capable of being
sensitized, that is available for sensitizing the material for autocatalytic metal plating. If the
material does not have a nitrogen group on the surface of the material, then a layer of
different material, which provides a nitrogen, can be coated on the foam or fiber prior to
sensitizing. For exampler, cross-linked polyethylene fibers are coated with polyamide to
provide a nitrogen group on the surface of the fibers. The polyamide-coated fiber is then
sensitized for autocatalytic metal plating. Compositions and methods for sensitizing
materials for autocatalytic metal plating are known to those skilled in the art and include, but
is not limited to, tin chloride. After sensitizing the polyamide-coated fiber, a metal, such as
silver, is autocatalytically plated onto the fiber. The autocatalytic metal plating preferably
provides a uniform metal coat to the sensitized section of the fiber. The preceding
description also applies to metal plating of a foam.

Under optimum conditions, the conductive layer (114), when moistened, can
be electrically conductive, non-adherent, liquid and gas permeable, porous, and anti-
microbial. The conductive layer may contact the surface of the wound and the surface of
normal tissue surrounding the wound. Ideally, the composition of the conductive layer
comprises a plurality of fibers, wherein at least one fiber is uniformly and concentrically

coated with a metal or metal alloy so that the coating is three dimensional and covers all
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surfaces of the fiber. Ideally also, the conductive layer comprises a polymeric foam wherein

the surface is uniformly and concentrically coated with a metal or metal alloy so that the
coating is three dimensional and covers all surfaces of the foam For purposes of the
invention, all or part of the fiber or foam can be coated three-dimensionally. Preferably, all
or a plurality of the surface area of the fibers or foam of the conductive layer (114) are auto-
catalytically plated with metal to allow for a uniform, three dimensional coating of the metal
or metal alloy and provide the maximum surface area for release of metallic ions. The anti-
microbial activity of released metallic ions and the metallic surface function as a microbial
barrier, and aid in preventing the migration of microbes from the surrounding environment to
the wound surface, while at the same time allowing fluids and gases to pass freely.

For purposes of the invention, any metal or metal alloy capable of being plated
onto a substrate to form a conductive layer can be used. Metal elements suitable for the
present invention include, but are not limited to, platinum, copper, gold, nickel or silver,
and/or binary alloys of platinum, nickel, cobalt or palladium with phosphorus, or binary
alloys of platinum, nickel, cobalt or palladium with boron. In one preferred aspect of the
present invention the metal is silver. For purposes of explanation, silver is used to describe
the invention, though it can be substituted with any other metal or metal alloy.

One embodiment of the present invention comprises devices having a
conductive layer that comprises areas of the layer having metals that provide a permanent or
semi-permanent magnetic field. In a conductive layer, if a current is generated by the
movement of metal ions, particularly under moist conditions of fluid flow, an electric field
and a transitory magnetic field are generated. By providing areas of the layer with particular
metals, such as isotopes of cobalt, a semi-permanent or permanent magnetic field can be
provided to the wound site. This magnetic field is not dependent on the fluid flow or
generation of a current, but provides a steady magnetic field. Though not wishing to be
bound by any particular theory, it is believed that a magnetic field held in place at a wound
aids in the healing processes.

Ideally, the metallic silver used for the invention is of high purity, preferably
from about 99.0% to about 99.6% pure, although lower purity levels can also function. It is
believed that high purity reduces the likelihood that contaminants or undesirable ions may
contact or penetrate the wound or skin.

Preferably, the substrate can be in the form of fibers. The range of denier of

the fibers can be from about 0.0001 denier to about 10,000 denier, preferably from about 1.0
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denier to about 1000 denier, and more preferably from about 5 denier to about 300 denier.

The various cross-sectional shapes that may be imparted to individual fibers are known to
those skilled in the art, and include, but are not limited to, round, oval, kidney-bean,
dogbone, flat, tri-lobal, and multi-lobal. Advantageously, a multi-lobal fiber such as the 4DG
fiber commercially available from Fiber Innovation Technology Inc of Johnson City TN can
increase the surface area by 250% to 300% compared to round fibers. Fiber configurations
that are capable of spontaneously transporting water on their surfaces are also available and
include a number of fibers similar to the 4DG fiber. In general, while not wishing to be
bound to any particular theory, it is believed that the greater the surface area of the fiber, the
greater the surface area of metallic plated fibers, forming an active surface area, which can
result in greater release of metallic ions and a more effective dressing.

Individual fibers may be fabricated into several different types of yarns
including, but not limited to, spun yarns, filament yarns, compound yarns, fancy yarns, and
combinations thereof. Fibers can be configured into tow and floc and can be provided in the
form of staple or bulk continuous filament. The filament and compound yarns that exhibit
multiple longitudinal filaments are preferred. It is believed that the greater the continuity of
the yarns, the greater the potential for excellent conductivity when plated. Fibers and/or
yarns can be assembled into fabrics, including but not limited to, woven fabrics, twisted and
knotted fabrics, knit fabrics, non-woven fabrics, and compound/complex fabrics. It is
proposed that the total surface area of the fibers that compose the filaments, fibers, yarns or
fabric is a variable in determining conductivity as well as passive metal ion release into
aqueous fluids

It is preferable that the autocatalytically metal-plated surfaces have a broad
range of resistance from about 1,000 kiloohms/in® to about .0001 ohms/in?, a middle range
from about 10 kiloohms/in® to about 0.001 ohms/in? and an optimal range from about 10
ohms/in® to about 0.1 ohms/in®>. It is believed that resistance decreases with increasing
numbers of plies or fibers within a layer. Preferably, beyond four plies of conductive fabric,
the resistance decrease may become non-appreciable from a clinical point of view, although
the resistance may continue to decrease with additional layers. The preferable upper limit of
the number of plies of conductive fabric can be about ten. Cost, thickness, composition, fiber
density and weave structure and other factors may also be considered in selecting the number
of plies. A more dense fabric design may need only one ply to achieve the same resistance

measurement as a fabric having more than one ply of a highly absorbent material that is less
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dense. The reduction of the resistance of the conductive layer can relate to the manner in

which the fabric is plated and secondarily to how the layer is constructed. It is believed that
fabrics having continuous fibers or fibers melted together can appear to have lower resistance
with greater continuity of the metallic layer. It is thought that the larger the surface area of
fiber contact, the better the conductivity and the lower the resistance. It is also believed that
the polymeric foam materials that are autocatalyticly metal plated provide a large surface
area of metallic silver with low resistance and high conductivity.

A preferred aspect of the conductive layer is a non-conductive polymeric
filament/fiber substrate that has been autocatalytically plated with silver. FIG. 3A is a
representative cross-section of a polymeric autocatalytically plated fabric composed of
multifilaments formed into yarns and knitted into a fabric. FIG 17 represents a mutilobular
fiber that is uniformily metal plated on all surfaces. All filaments, (40) are three
dimensionally coated with a uniform layer of metal (41). FIG. 3B represents a cross-section
enlarged detail of FIG. 3A showing the uniform metallic coating (41) of one filament (40).
FIG. 3C is an enlarged detail of FIG. 3B showing the uniformity of metallic plating covering
the polymeric substrate. FIG 3D is an enlargement of the metallic surface of a polymeric
autocatalytically plated filament representing approximately 62 pm? of surface area.

Another preferred aspect of the conductive layer is a non-conductive
polymeric foam substrate that has been autocatalytically plated with silver. FIG. 15 and FIG
16 are representative cross-sections of a polymeric autocatalytically plated foam. FIG 15
represents a polymeric foam substrate (151) with a second polymeric foam coating (152) that
is in turn autocatalytically metal plated (153). FIG 16 represents a polymeric foam substrate
(160) that is autocatalytically metal plated (161). Open spaces are represented in FIG 15 and
FIG 16 by 162 and 154. All metal plated surfaces are three dimensionally coated with a
substnatially uniform layer of metal.

FIG. 3A, 3B, 3C and 3D demonstrate that the actual surface area of metallic
silver exposed to a liquid can be significantly greater than the geometric surface area of the
fabric. Assuming the surface of the plated metal is smooth, the ratio of geometric surface
area to actual surface area can have a range from about 1:2 to about 1:10,000, from about
1:10 to about 1:1000, from about 1:10 to about 1:500, 1:20 to about 1:500, from about 1:20
to about 1:250, from about 1:10 to about 1:250, from about 1:10 to about 100 and an optimal
ratio range from about 1:20 to about 1:100. Taking into consideration FIG 3D, it is believed
that the actual surface area can be extended by a multiple of between about 10 and about
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1000 above the calculated smooth surface area. Even though a uniform coating is preferred,

there may be applications wherein non-uniform coatings are preferable.

The thickness of the uniform coating can vary from about 0.1 micrometers to
about 2.0 microns, from about 0.1 microns to about 1 micron, from about 0.1 microns to
about 1.5 microns, preferably from about 0.2 microns to about 1.5 microns. Preferably, the
thickness of metal coating is directly correlated with the percentage of weight of silver plated
to the weight of the fabric without silver plating. The amount of coating can vary from about
5% to about 40% by weight, from about 5% to about 30 % by weight, from about 5% to
about 20% by weight, from about 5% to about 10% by weight, from about 10% to about 30%
by weight, from about 10% to about 25% by weight, from about 10% to about 20% by
weight, from about 15% to about 30% by weight, more preferably between about 15% to
about 22% by weight. While not wishing to be bound to any particular theory, it is believed
that filaments and fibers that are uniformly plated may have the greatest electrical
conductance and the lowest electrical resistance. Preferably, the maximum conductance and
minimum resistance can be directly correlated. Preferable for the invention is a plating
thickness between about 0.2 to about 1.5 microns, and between about 14% to about 22% of
the weight of the plated fabric composed of metallic silver. Most preferably, the conductivity
of the plated fiber can significantly decrease when the percent of weight of plated fabric falls
below about 10%. Silver-coated fibers suitable for use in the present invention are
commercially available from Conductive Specialty Fabrics Manufacturing, Lakemont, GA.

The dressings can also comprise at least one absorbent layer (116) that
functions primarily as a reservoir for receiving and storing wound exudates or other fluids.
The absorbent layer may provide a source of moisture in wounds with minimal fluid drainage
or exudate by receiving and holding fluids that are provided from an external source through
a plurality of apertures in layers superficial to the absorbent layer. The absorbent layer may
contain any number of layers of conductive metal plated fibers uniformly mixed with non-
conductive fibers. The absorbent layer can also comprise only non-conductive fibers or
material. For purposes of the invention, non-conductive fibers or material are any fibers or
materials that are not coated with a metal or metal alloy and are not capable of conducting an
electrical charge or releasing ions.

The at least one absorbent layer can comprise any absorbent material, and the
dressing can comprise any number of absorbent layers positioned adjacent to any other layer

of the dressing. Advantageously, the absorbent layer can be positioned adjacent to the
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moisture regulation layer. In another aspect of the invention, the absorbent layer can be

positioned between the conductive layer and the moisture regulation layer.

Absorbent materials suitable for the absorbent layer comprise any
biocompatible synthetic or natural absorbent material known in the art including, but not
limited to, a foam, a sponge or sponge-like material, cellulosic materials, cotton, rayon,
polyvinyl alcohol, polyvinyl acetate, polyethylene oxide, polyvinyl pyrrolidon, polyurethane
hydrocolloids, alginates, hydrogels, hydrocolloids, hydrofibrils, collagens or any
combinations thereof.

In one aspect of the absorbent layer, layers of metal plated conductive fibers
and non-conductive fibers can be uniformly distributed throughout at least one, and
preferably more layers. Alternatively, metal or metal alloy plated and non-conductive fibers
can be uniformly distributed throughout the absorbent layer. It is contemplated as being
within the scope of the present invention to have layers of absorbent material of differing
ratios of metal plated conductive fibers to non-conductive fibers as well as differing
thicknesses of the layers. The layers may be in the form of woven, knitted or non-woven
fabrics. The absorbent layer (130) demonstrated in FIG 10 is composed of layers (131, 132,
and 133) of the absorbent material with varying ratios of metal plated conductive fibers to
non-conductive fibers and varying layer thicknesses. As the concentration of metal plated
conductive fibers increases and the concentration of non-conductive fibers decreases, the
ratio of metal plated conductive fibers to non-conductive fiber increases. As the
concentration of metal plated conductive fibers decreases and the concentration of non-
conductive fibers increases, the ratio of metal plated conductive fibers to non-conductive
fibers decreases. In a given layer, the ratio of metal or metal alloy plated conductive fibers to
non-conductive fibers can be from about 1:100 to about 1:0, from about 1:75 to about 1:0,
from about 1:60 to about 1:0, preferably from about 1:50 to about 1:0, from about 1:40 to
about 1:0. from about 1:30 to about 1:0 and more preferably from about 1:25 to about 1:0. In
the situation wherein the layers comprise about 100% conductive metal fibers, the ratio
would be about 1:0. The ratio of conductive metal or metal alloy plated fibers to non-
conductive fibers, although constant within a given layer, may vary from layer to layer.
Advantageously, there can be an increasing ratio of conductive metal plated fibers to non-
conductive fibers the closer the layer is to the wound. Thus, there can be a decreasing

concentration gradient of conductive metal fibers in each subsequent layer further from the
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wound site. Concentration gradients of mixed fibers can be made according to processes
known to those of ordinary skill in the art.

The thickness of layers (131, 132 and 133) of FIG 10 may be similar or may
vary. Ideally, the thickness of the layers increases as the distance from the wound surface
increases. In an additional preferred aspect, the increasing thickness of the layers occurs in a
ratio of the fibonacci numbers (i.e. 1,2,3,5,8,13,21...).

In another aspect of the absorbent layer, shown in FIG. 12, a multilayer
structure (140) comprises conductive layers (141, 142, 143), with a non-conductive layer
(144) interposed between conductive layers (141) and (142), and a non-conductive layer
(145) interposed between conductive layers (142) and (143). The composition of conductive
layers may be similar and formed from conductive metal plated fibers or a mixture of
conductive metal or metal alloy plated fibers and non-conductive fibers in the form of a
woven, knitted or non-woven fabric. The mixture of conductive metal or metal alloy plated
fibers and non-conductive fibers can be uniform in each layer and may have a decreasing
ratio of conductive plated metal fibers to non-conductive fibers the closer the layer is to the
wound surface. A layer of non-conducting, flexible material can be positioned between the
conductive layers. In one aspect, the non-conductive layers can be composed of
impermeable or semi-permeable materials with apertures disposed substantially throughout.
In FIG 12, the use of the alternating conductive metal plated fiber layers (141, 142 and 143)
and non-conductive fiber layers (144 and 145) can create a capacitor-like laminate.

The moisture regulation layer (118) shown in FIG. 7, can be any
biocompatible semi-permeable or impermeable material for limiting the evaporation of
moisture from the absorbent layer and the wound surface. At least one moisture regulation
layer (118) can be positioned adjacent to the conductive layer or adjacent to the absorbent
layer of the dressing. Advantageously, the moisture regulation layer can be positioned
adjacent to the absorbent layer and can be fixedly attached or removably attached for easy
removal and replacement.

The moisture regulation layer not only controls the rate of moisture
evaporation from the absorbent layer, but also functions as a physical barrier to the
penetration of microbes from the surrounding environment. The rate of moisture evaporation
from the moisture regulation layer is related to the size of the apertures. Very small aperture
sizes allow the release of gases but not liquids, while larger aperture sizes allow the release of
gases and liquids. Even larger-sized apertures allow the entry ofmicrobes such as bacteria
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and fungi and environmental contaminants. Though not wanting to be bound by any

particular theory, it is theorized that the placement of apertures larger than the size of
microbes (such as bacteria and fungi) in this layer runs counter to the prevailing teaching that
a physical barrier must be provided to prevent the penetration of microbes from the
surrounding environment. The present invention substitutes the traditional physical anti-
microbial barrier to microbial penetration with a functional anti-microbial barrier through
application of the anti-microbial metal plated fibers. The functional anti-microbial barrier of
anti-microbial metal plated fibers has allowed the apertures to be placed in the moisture
regulation layer without fear of compromise of the physical barrier to environmental
microbial contamination of the wound.

The moisture regulation layer can be a film, fabric or foam. . Some preferred
materials include, but are not limited to, polyurathanes, polyolefins such as linear low density
polyethylene, low density polyethylene, ethylene vinyl acetate, vinylidene, chloride
copolymer of vinyl chloride, methyl acrylate or methyl methacrylate copolymers and
combinations thereof. A preferred polymeric material is polyurethane, either as a film or as a
polyurethane foam. The polyurethane may be an ester or ether based polyurethane.
Materials suitable for a foam moisture regulation layer can be any semi-permeable or
impermeable natural or synthetic compound including, but not limited to, rubber, silicon,
polyurethane, polyethylene polyvinyl, polyolefin, or combinations thereof.

Alternatively, the moisture regulation layer, (118), may be a transparent
elastomer film for visual inspection of the moisture status of the absorbent layer dressing.
Preferably, the film can have a thickness from about 10um to about 100 pum, from about
10um to about 90um, from about 10pm to about 80um, from about 15um to about 100pum,
from about 15um to about 90um, from about 15pm to about 80um, from about 15um to
about 70pm, from about 20pum to about 100pm, from about 20um to about 90um, and more
preferably from about 20um to about 80 um. In some materials, a thickness below 10 um
may result in poor mechanical strength or handling properties and a thickness of the
transparent elastomer film exceeding about 100 pm may result in poor flexibility and comfort
to the body. Preferably, the moisture regulation layer has an MVTR of from about 300 to
about 5,000 grams/meter’/24 hours, preferably from about 800 to about 2,000
grams/meter’/24 hours. The moisture regulation layer can be laminated to the absorbent

layer by methods well recognized in the art.
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To regulate the moisture level of the wound dressing, apertures, (111) as

illustrated in FIG 6A and 6B, are disposed in the moisture regulation layer. The apertures
can be any geometric shape having curved lines, straight lines, or a combination thereof.
Shapes include, but are not limited to, slits, stars, oval, circles, semicircles, squares,
rectangles, polygons or any combination thereof. The apertures can be disposed randomly or
in uniform patterns, groups, or bunches. Such apertures allow for addition or removal of
liquids from the absorbent layer. In a method of use for wound treatment, the apertures
would allow the wound to be bathed by dispensing liquids, medicaments, cleansing or
treating agents, without removing the dressing.

The size of the apertures can improve the regulation of the moisture level of
the absorbent layer, the conductive layer, and the surface of the wound. It is believed that the
regulation of the moisture level in the wound provides benefits such as the release of anti-
microbial metallic ions from the conductive metal plated fibers and fabrics and enhances the
analgesic effect, improves conductivity of the conductive metal plated fibers, and assists with
restoration of the electrical potential of the wound site. As a result, while not wising to be
bound to any particular theory, it is believed that the cellular growth and regeneration is
enhanced, expediting the healing of the wound.

Large apertures in general can cut through one layer or multiple layers. The
apertures are positioned to allow direct liquid and medicants to be administered from the
external environment to the absorbent layer. The apertures (111) of the multilaminate wound
layer dressing (110) of FIGS. 7 and 14 are cut through the moisture regulation layer and are
not cut through the absorbent layer or other layers between the moisture regulation layer and
the surface of the wound. The apertures (111) of the multilaminate island wound dressings,
(120) of FIG 9 and FIG 13 (150), are cut through the backing sheet, the adhesive layer, and
the moisture regulation layer. With respect to the island wound dressing, (120) of FIG 9, the
aperture pattern is limited to the area over the moisture regulation layer. The apertures in the
island dressing of FIG. 9 extend through a back sheet layer (112), adhesive layer (119) and
moisture regulation layer (118).

Advantageously, a semipermeable or impermeable moisture regulation layer
can be laminated to an absorbent layer such that, regardless of the pattern of apertures,
delamination of the moisture regulation layer from the absorbent layer does not occur. The

apertures allow for movement of fluids or medicants to and from the absorbent layer. The
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regulation of moisture content can be controlled by application of fluids via a bulb syringe or
similar application device, or alternatively by a secondary dressing (120) as shown in FIG 14.

In alternative aspects of the invention, it is helpful to provide a moisture
regulation layer that is releasably or removably attached to an absorbent layer or a conductive
layer of the dressing. This allows for the removal and replacement of the moisture regulation
layer without disturbing the wound. The moisture regulation layer can be affixed to the
adjacent layer by any artful means that will allow for quick removal from the absorbent layer
including, but not limited to, adhesives, knitting techniques, lamination, or a combination
thereof.

The layers of the devices of the present invention may or may not be attached
to each other or be provided as a component of another structure. For example, a metallic,
conductive layer, made from metal-plated fibers, is applied directly to the affected site, such
as a wound. A foam is then applied as a second layer above the site to provide the absorbant
layer. A moisture retention layer is then placed on the surface of the foam farthest from the
affected site to control the moisture content of the affected site. In another example, a two or
three layer bandage, comprising at least a conductive layer as the first or second layer closest
to the affected site, is provided wherein the layers are attached to one another.

In any aspect of the present invention, the conductive layer can be positioned
in the dressing for placing in direct contact with the wound surface upon application of the
dressing to the wound. Alternatively, the absorbent layer can be positioned in the dressing
for placing in direct contact with the wound surface upon application of the dressing to the
wound. For treatment of internal wounds, for example for treating surgical wounds on
internal organs, the conductive layer or absorbent layer can also be positioned for placement
in direct contact with the wound surface upon application of the dressing to the wound.

The various aspects of the wound dressings of the present invention can
comprise an optional adhesive layer positioned between any adjacent layers, or
advantageously, the adhesive layer can be the top layer of the dressing. Useful adhesives
include those known in the wound dressing art, including but not limited to, rubber-based,
acrylic, vinyl ether and hydrocolloid pressure sensitive adhesives. Conveniently, anti-
microbial agents can be added to the adhesive material.

The wound dressings of the present invention can be formed. into any of a
number of possible shapes, patterns or geometrics, depending upon the application and

topography of the wound or application site. Any aspect of the wound dressing of the present
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invention can be manufactured in a variety of shapes and configurations. For example,

configurations can include, but are not limited to, compressive wraps, tampons, tubular, roll
gauze, pads of varying sizes and shapes, island dressings, strip dressings, dressings for dental
applications, rectal dressings, vaginal pads, surgical packing or dressings, or any combination
thereof.

FIG 11 shows a tubular configuration of the wound dressing. The tubular
configuration may be composed of one or more layers. The layers can be composed of about
100% metal plated fibers or foam or a ratio of conductive metal fibers or foam to non-
conductive fibers or foam. The tubular configuration can take the shape of a wrap for
circumferentially placing around an area to be treated. The distribution of conductive metal
fibers and non-conductive fibers in each layer can be uniform. The conductive metal plated
fibers of layers 131a, 132b and 133c represent an increasing ratio of conductive metal plated
fibers to non-conductive fibers as the layers are positioned closer to the wound contact
surface. The layers can be in the form of a woven, knitted or non-woven fabric. The tubular
configuration of this aspect of the invention can be used in dressing applications including,
but not limited to, a vaginal, mouth, nasal, external ear canal, or rectal area dressing.

Another wound dressing configuration is the island dressing. Figures 8, 9 and
13 demonstrate various representative aspects of island dressings. FIG. 8 shows the top view
of a dressing with placement of the apertures (111) over the conducting layer (114), the
absorbent layer (116), and the moisture regulation layer (118) but not in the peripheral area
of an adhesive layer. The cross-section line 8-8 of FIG 8 is shown in FIG. 9. A release liner
layer (117) extends the entire surface of an adhesive layer (119) on the moisture regulation
layer (118). The release liner layer is removed prior to application of the island dressing to a
wound surface. An adhesive layer (119) is laminated to a backing sheet (112), and may
include pressure sensitive adhesives for securing the dressing over the wound.

FIG 13 illustrates an example of a multi-layer wound dressing in an island
configuration, (150) having the same laminar composition as the dressing (120) shown in
FIG 9, with the exception that conductive layer (125) has been added between the absorbent
layer (126), and the moisture regulation layer (128). The conductive layer (125) has similar
composition to conductive layer (124). Both can be composed of about 100% conductive
metal plated fibers, woven, knitted or non woven. The moisture regulation layer (128) can be
adjacent to a backing sheet (122), that can be coated with a pressure sensitive adhesive (129)

on the surface that is facing the moisture regulation layer (128). The moisture regulation
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layer, both conductive layers, and the absorbent layer all have the same length and width, and

are substantially of smaller dimensions than the backing sheet (122) and pressure sensitive
adhesive layer (129). They are also centrally seated on the adhesive surface (129) and the
backing sheet (122), leaving an edge of the adhesive layer exposed around the perimeter of
the layers, thus providing an island dressing configuration adapted for securing the dressing
to the skin. Apertures penetrate through the backing sheet (122), the adhesive layer (129),
and the moisture regulation layer (128) over the area covered by the moisture regulation
layer, both conductive layers and the absorbent layer, but not the perimeter area. A release
liner layer (127) covers the entire perimeter of the adhesive layer (129) prior to use, in order
to prevent premature, unwanted contact of the adhesive-bearing surface.

In another aspect of the invention, a secondary dressing (160), illustrated in
FIG 14, may be applied to any aspect of the wound dressings (110, 120, 130, and 150) of the
present invention. The secondary dressing provides a source for liquids and medicants that
can be added to the wound dressings in addition to, or in combination with, the manual
application of fluids or medicants using devices such as a bulb syringe. The secondary
dressing (160) is composed of a pressure adhesive layer (142), an absorbent layer (141) and
a semipermeable backing layer (143). The dimensions of the secondary dressing correspond
to the dimensions of the wound dressing.

The pressure sensitive adhesive layer (142) is continuous around the perimeter
of the secondary dressing. The pressure sensitive adhesive layer secures the secondary
dressing to the primary dressing over the area of the apertures. The secondary dressing can
be easily changed and removed on an as-needed basis without disturbing the healing of the
wound. The adhesive may be any of the medical grade adhesives heretofore employed for
application to the skin. The absorbent layer (141) may contain a mixture of conductive metal
plated fibers and non-conductive fibers, all conductive metal fibers, or all non-conductive
fibers. The moisture regulation layer (143) can be an impermeable synthetic film

The secondary dressing may be releasably secured to the primary dressing,
such that the secondary dressing may be removed and replaced without removing or
disturbing the primary wound contact dressing, for example, when the secondary dressing
becomes saturated with wound exudates. The secondary dressing can be designed for the
removal of excessive wound exudates or for the addition of liquids and medicants.

In another aspect of the invention, a fabric comprising any of the various

aspects having conductive layer, absorbtion layer and moisture regulation layer of the present
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invention, can be provided. After assembly of the layers, the layers are laminated into a

fabric suitable for cutting and forming into various configurations of wound dressings or
wound healing devices.

The present invention comprises wound dressings or devices, comprising, at least one
conductive layer. The wound dressing can further comprise at least one absorbent layer or at
least one moisture regulation layer comprising a plurality of apertures disposed in the
moisture regulation layer or any combination of the layers. Apertures of the moisture
regulation layer allow passage of materials ranging in size from no passage of materials, that
1s moisture regulation layers with no apertures, apertures that allow gases but not liquids to
pass, to apertures that allow liquids and gases to pass, to apertures of a size sufficient for the
passage of microbial or environmental contaminants. The dressings may comprise moisture
regulation layers attached to at least one absorbent layer or at least one conductive layer. The
conductive layer may comprise at least one fiber that is coated three dimensionally with a
metal or a metal alloy. The metal is selected from copper, silver, gold, palladium, nickel,
cobalt or a combination thereof or the metal is selected from an alloy of nickel and boron,
cobalt and boron, palladium and boron, nickel and phosphorus, cobalt and phosphorus,
palladium and phosphorus, or a combination thereof. The conductive layer may also
comprise a polymeric foam coated three dimensionally with metal or a metal alloy. The
conductive layer may comprise at least one fiber or foam having grooves or channels along
the longitudinal axis of the fiber or foam for capillary movement of water, to store or trap
substances, and to provide large active surface areas for a given denier per fiber or foam.

Embodiments of the wound dressings of the present invention at least one conductive
layer comprising at least one conductive fiber comprising a three dimensional coating of a
metal, and at least one non-conductive fiber, wherein the conductive fiber and nonconductive
fiber are uniformly distributed throughout the layer. The nonconductive fibers of the present
invention can be composed of natural polymers, synthetic polymers, alginates, chitosan,
rayon, cotton, or other polymeric substrates. Polyurethane is a preferable material for
conductive and nonconductive fibers and foams. Absorbent layers can comprise a plurality
of layers wherein the ratio of conductive fibers to non-conductive fibers is constant in a given
layer or varies from layer to layer. In an embodiment, the ratio of conductive fibers to non-
conductive fibers increases as the absorbent layer is positioned in closer proximity to the
wound. Alternatively, the absorbent layer comprises conductive fibers comprising a three

dimensional coating of a metal, and non-conductive fibers, wherein the conductive fibers and
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nonconductive fibers are uniformly distributed throughout the layer. The same arrangement

of fibers and foams can be found in embodiments of conductive layers. In the layers, the
ratio of conductive fiber to non-conductive fiber is between about 1:100 to 1:0, or the ratio of
conductive fiber to non-conductive fiber is between about 1:50 to 1:0, or the ratio of
conductive fiber to non-conductive fiber is between about 1:25 to 1:0.

Embodiments of the present invention may comprise a magnetic field provided to the
wound surface by the conductive layer. A dressing may further comprise an adhesive layer.
The conductive layer may comprises a fiber or foam three dimensionally coated with a metal.
The at least one moisture regulation layer may be positioned adjacent to at least one
absorbent layer. The layers may be shaped as polymeric sheets, films, or foams. An
embodiment of a dressing may have multiple layers of conductive and absorbent layers. The
at least one absorbent layer may comprise a plurality of layers, each layer increasing in
thickness as the proximity from the wound increases. Embodiments include dressings where
the conductive layers and absorbent layers alternate. The dressings may be formed into a
shape selected from a pad, a tampon, a tubular configuration, an island dressing, a strip
dressing, or any combination thereof. The apertures of the dressings may a geometric shape
having curved lines, straight lines, or a combination thereof.

In treatment of wounds and use of the dressings described herein, a secondary
dressing may also be used. A secondary dressing for applying to a wound dressing
comprising at least one absorbent layer, at least one semi-permeable backing layer and a
pressure adhesive layer continuous around the perimeter of the backing layer. These and
other similar embodiments are intended by the present invention.

The wound dressings of the present invention are advantageous over the prior
art because they do not require an external energy source or galvanic cell action to create and
deliver silver ions. The dressings of the present invention can be formed into a number of
different useful forms, depending on the particular application. In addition, the proper
moisture environment at the treatment site can be created and regulated by controlling the

amount of fluid at the wound site without disturbing the wound.
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METHODS OF USE

Healthy human skin exhibits an electrical potential across the epithelium that is
referred to as the transepithelial potential (TEP) or epidermal battery. The TEP is generated
by an active ionic transfer system of sodium ions that enter the outer cells of the epithelium
via specific channels in the outer membrane of these cells and migrate along a steep
electrochemical gradient. The epidermal battery is generated through a series of electrogenic
pumps that actively pump sodium ions, and tight gap junctions between epithelial cells that
do not allow the reverse passage of the sodium ions. This results in the transport of sodium
ions from the water bathing the epithelium cells to the internal body fluids of the animal, and
causes the generation of a potential on the order of 10mV to 70mV across the epithelium.

It is believed that when a wound is made in the skin, an electric leak is
produced that short-circuits the TEP allowing the voltage to reverse at the wound surface.
With the disruption of the epithelium’s electrogenic sodium transport mechanism within the
wound, the TEP on the surface of the wound is significantly altered in the reverse direction.
As one progresses laterally from the wound surface to normal tissue surrounding the wound,
the potential across the skin increases, until a point is reached at which the potential across
the skin is the full value normally found in unwounded skin. Thus a lateral voltage gradient
is generated in the proximity of the wound margin as one transitions from wounded tissue to
normal tissue. Various studies have reported that the lateral voltage gradient in experimental
animals could be as high as 140mV/mm. It has also been reported that within 24 hours after a
wound is formed, the epidermally generated lateral voltage drops by 95%. Therefore, it is
recognized that there is a lateral voltage gradient or “lateral potential” in the epidermis close
to the margin of a wound. The greatest epidermally generated lateral voltage is found in the
region of highest tissue resistance. In the amphibian, the locus of the major lateral potential
is at the high resistance space between the epidermis and the dermis. In the mammal, the
locus of the major lateral potential is at the space between the living and the dead cornified
layers of epithelium.

While not wishing to be bound to any particular theory, the role of TEP in
wound healing is explained in reference to FIG 1 which demonstrates a cross-sectional
representation of typical mammalian skin (5) with an electrical circuit generated by the TEP
overlayed on the skin anatomy. The epidermis (7) overlies the dermis (9) at junction (11) and
includes the stratum corneum layer (13) and the stratum spinosum layer (15) with a junction

(17) there between. The stratum corneum layer is composed of dead cornified squamous
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epithelium. The wound (19) is filled with both cellular and dissolved elements of the blood
including fibrinogen, fibronectin, polymorphonuclear leukocytes, platelets and red blood
cells. Depending upon the location on the body (24) the surface (21) of the skin distal to the
wound (19) can be expected to have a potential in a range of from about -10 to about -70
milivolts due to the TEP. The resistance of the return paths of current that is induced by a
phenomenon known as an epidermal battery (29) is represented by resistors (25). The
resistance of the wound is represented at (27). A dressing (120) in accordance with the
present invention and having a highly conductive layer (114), absorbent layer (116),
semipermeable layer (118), adhesive layer (119) and backing sheet layer (112), is shown
proximate to the wounded skin surface (21). Prior to placement of the dressing on the wound,
the wound potential (23) is more positive than on the surface of the skin (21), utilizing the
surface potential to become less negative and, in certain instances, become positive. While
not wishing to be bound to any particular theory, it is believed that this is be due to the
removal of the epidermal battery (29) at the wound (19). The further the potential test point
(23) is from the unwounded surface (21), the more closely the potential will approximate the
potential of the positive side of the battery (29). If the wound is wet and therefore
conductive, a wound current between points (31) and (33) will be induced by the TEP. The
wound current will pass through the exudates and debris filling the wound (19) along the
most efficient or lowest resistance path available. This is most likely proximate to the edge
of the wound, because this will be the shortest path and the most moist path available. The
wound current will pass from point (31) through the resistance at the junction (11)
represented by resistor (35), into the wound at point (37), through the wound resistance (27)
to point (39), where it re-enters the epidermis (7) at the junction (17), through the resistance
of junction (17), represented as resistor (25), to point (33) on the other side of epidermal
battery (29).

While not wishing to be bound by any particular theory, it is believed that
when the dressing (120) is placed on the wound (19), the conductive layer (114) lowers the
electrical potential of the wound, (e.g., at 23) by virtue of electrical contact with uninjured
skin surfaces (21) which have a negative potential established by the epidermal battery (29).
The dressing (120) lowers the potential of the wound surface and provides a conductive
bridge between healthy skin surfaces (21) on either side of the wound (19). The point of
maximum resistance shifts from point (39) to point (37). This in turn shifts the point of

maximum lateral potential drop from point (39) to point (37). With the shift in lateral
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potential, the electrical characteristics of the wound more closely resemble the amphibian

wound than the mammalian wound. Amphibian wounds are known to heal significantly
faster than mammalian wounds because of this shift. Wound healing is enhanced and
accelerated by the shift caused by the highly conductive surface of the wound dressing of the
present invention. The shift in lateral potential from point (39) to point (37) can reduce the
amount of stimulation that superficial nerve endings receive, thereby aiding in creating an
analgesic effect. It is believed that the moisture level of the dressing (120) augments the
restoration of the negative TEP and assists with the shift in lateral potential to deeper
structures.

FIG. 2 is a representative graph of the voltage at the surface of human skin as
one proceeds from normal skin (21) to the open wound (23) to normal skin again. The area of
normal skin (21) measures a relatively constant negative voltage between about 10 and about
70 milivolts. It is believed that the area of the wound surface where the TEP and the
epidermal battery are disrupted (23) is always more positive than uninjured skin (21),
reaching voltages between (23°) and (23). When a dressing (110) in accordance with the
present invention is applied and the wound is kept moist, it is possible to return to more
normal skin potentials as shown at (21°).

It is believed that the dressings of the present invention can contribute to
expedited healing of the wound and aid in providing relief from the pain associated with
wounds. Without wishing to be bound by any particular theory, the principle mechanisms of
action that may account for the pain relieving aspects of the dressing of the present invention
can be derived from the conductive layers of the dressing. First, the silver can create an
antibacterial environment, which in turn can diminish the inflammation caused by the
bacteria and subsequently can diminish pain. And second, the effect of a highly conductive
layer can have a positive effect on the electrical field environment of the wound to be healed.

The present invention comprises methods of treating a wound in a human or
an animal comprising,a) applying a dressing to a wound on a human or animal wherein the
dressing comprises at least one conductive layer; at least one absorbent layer; and at least one
moisture regulation layer comprising a plurality of apertures disposed in the moisture
regulation layer; b) monitoring the absorbent layer of the dressing to determine a variation
from a predetermined fluid level; and ¢) adding or removing fluid through the moisture
regulation layer to maintain the predetermined fluid level. Methods can further comprise

affixing a secondary dressing to the external surface of the dressing applied in step a) to the
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wound, wherein the secondary dressing comprises at least one absorbent layer, at least one

semi-permeable backing layer and a pressure adhesive layer continuous around the perimeter
of the backing layer.

In another aspect of the invention, the wound dressings can be used to regulate
the moisture level of a wound of a human or animal. Many dressings are available that
attempt to control the moisture level of wounds. Moisture retention is a term that refers to
the ability of a dressing to consistently retain moisture at the wound site by interfering with
the natural loss of moisture vapor due to evaporation. Semi-occulsive and occlusive wound
dressings, such as films, foams, hydrogels and hydrocolloids, can be used to keep a wound
moist by catching and retaining moisture vapor that is being lost by the wound. Normal skin
has a moisture vapor transfer rate (MVTR), also called a transdermal water loss (TWL), of
43.2 grams/meter’/24 hours. Many film dressings have MVTRs ranging from 400 to 2000
grams/meter’/24 hours. Superficial wounds such as tape-stripped skin have an initial MVTR
of 7,874 grams/meter’/24 hours. In general, if a dressing material transmits less moisture
vapor than the wound loses, then the wound will remain moist. When wound drainage levels
are high, simple transmission of vapor will not dissipate adequate moisture to maintain
physiologic tissue hydration. If the moisture vapor transmitted by a dressing is significantly
less than the moisture being lost by the wound in vapor and liquid form, thenbdrainage
accumulates and remains in contact with the wound and surrounding skin. To maintain high
drainage levels, a dressing must also have a liquid absorptive capacity in addition to vapor
transmission ability. The process of absorption physically moves drainage away from the
wound’s surface and edges and into the dressing material. At the other end of the hydration
spectrum, wound tissue that is already dry may need to be actively re-hydrated using dressing
materials that donate water to the tissue or by removing the dressing and manually applying
fluids to the wound.

One of the embodiments of the present invention allows for the addition or
removal of fluid from the wound without removing the dressing. This control of fluid can be
extremely important in trauma or battlefield situations where fluids need to be provided
quickly. Additionally, the presence of the metal ions, provided by the conductive fibers or
foams, aids in control of microbial contamination and thus, non-sterile fluids can be used.
The moisture level of the wound can be regulated in comparison to some pre-determined

level of moisture that can be beneficial. Advantageously, an indicator can be added to the
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wound dressing to indicate moisture level, electrical potential, metallic ion concentration, or

pH.

To treat wounds, of an animal or human, the appropriate aspect of the wound
dressing is selected and positioned on the wound, with the conductive layer in contact with
the wound. The absorbent layer of the dressing is observed for variation of a moisture level
that has been predetermined to be advantageous. Moisture, fluids, and medicants can be
added to the wound dressing as needed through the moisture regulation layer. Moisture in
excess of the predetermined level can also be removed through the moisture regulation layer.
Alternatively, the moisture regulation layer can be removed and replaced with a new
moisture regulation layer without disturbing the healing wound. Means to add and remove
moisture include, but are not limited to, sponges, suction bulbs, syringes, gauze pads and the
like.

In another aspect of the invention, a secondary dressing comprising at least
one absorbent layer, at least one semi-permeable backing layer, and a pressure adhesion layer
can be affixed to the external surface of the wound dressing. The secondary dressing can
comprise liquids and/or medicants for treating the wound. The secondary dressing can be
removed and replaced as needed to encourage continued healing of the wound.

In another aspect of the invention, the wound dressing can be placed internally
to treat an organ or internal surgical incision. The dressing can be in the form of a gauze pad,
packing material, fibrous dam, or any means to convey the treatment of the wound.

The wound dressing, when saturated and overlapping normal skin, may allow
for controlled maceration of the surrounding uninjured skin. It is currently believed that the
maceration of normal skin should be avoided. Maceration of normal skin is known to cause a
breakdown of the cornified epithelium with subsequent loss of the anti-microbial barrier
function of the skin. The reduction of the anti-microbial barrier function of the cornified
epithelium is believed to result in an increased risk of microbial contamination at the wound
surface. In an effort to control and prevent skin maceration, wound dressing designers have
constructed wound dressings with special features that reduce the occurrence of maceration.
Without wishing to be bound, the present invention has unexpectedly determined that the
occurrence of maceration of normal skin surrounding a wound under the wound dressing of
the present invention has not resulted in increased bioburden and/or contamination of the
wound surface. While not wishing to be bound to any particular theory, the present invention

has determined that the maceration of normal skin surrounding a wound being treated by the
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present invention has altered the local electrodynamic characteristics and resulted in an

enhancement of the wound healing process.

It has been observed that regulating the moisture in and around the metal-
plated fibers of the wound dressings of the present invention may facilitate the release of
metallic ions from the surface of the metal because the passive release of metal ions can only
take place within a liquid medium. Therefore, it is advantageous to keep the wound dressing
moist in order to provide the effect of the metal plated fibers. Wounds that generate fluid
exudates will usually provide the needed moisture required to activate the release of metal

ions from the metallic surface.

METHODS OF MAKING

The preferred method of plating a metal on a fiber or foam for the conductive
layer of the present invention is autocatalytically plating because it coats the fiber or foam
uniformly with a three dimensional coating. This provides the maximum available surface
area for accessible metal ions. In general, the fiber or foam has a nitrogen group. If the
material from which the fiber or foam is made does not provide a nitrogen group on the
surface, such nitrogens can be provided by added a layer of material or a coating that
provides a nitrogen group on the surface. The present invention comprises use of materials
that can be sensitized for autocatalytic metal plating. Such materials can be made into fibers,
foams, films or other structures that function to provide the wound healing attributes of the
devices described herein. For example, such materials include, but are not limited to,
materials having nitrogen or silicon dioxide or other equivalently functional groups, that are
capable of being sensitized. With, for example, the nitrogen group or silicon dioxide on the
surface, the material can then be sensitized using methods known in the art. Once the
material is sensitized, autocatalytic metal plating or coating of the material is performed.

The principle benefits of autocatalytically metal plating are: (1) uniform
circumferential, three dimensional metal plating of the filament, foam, fiber, yarn or fabric;
(2) large ratio of total metal surface area to geometric surface area; (3) high conductivity and
low resistivity of the plated filaments, fibers, yarns and fabrics; (4) excellent adherence of the
metallic coating to the non-conducting polymeric substrate with reduced risk of the metal
coating flaking or fracturing off the non-conducting substrate; (5) excellent flexibility,
conformability and elastomeric qualities; and (6) no limitations on filament, fiber, yarn or

fabric design and construction.
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Autocatalytic plating describes the method of depositing metals or metal alloys

on non-conductive substrates by means of reduction-oxidation chemical reactions. Unlike
electroplating, autocatalytic plating does not apply an electrical current from an external
source to a conductive material or substrate for the purpose of depositing metals on the
surface of the substrate. If the substrate is non-conductive, electroplating is not possible.
Pure metal elements such as copper, gold, nickel and silver as well as binary alloys of nickel,
cobalt or palladium with phosphorus or boron can be plated onto non-conductive material or
substrate by the autocatalytic plating process.

The autocatalytic plating baths are designed such that when a sensitized
substrate is introduced into the plating bath, deposition of the metal begins in a slow and
uniform manner on all surfaces of the substrate. Once the process is initiated, the plating
solution will continue to plate because the deposited metal catalyzes its own plating, thus
making the reaction autocatalytic.

The autocatalytic metal plating process is the plating process of choice for
filaments, fibers, yarns and fabrics in the electro-static discharge, electromagnetic
interference and radio frequency interference industries. Autocatalytic metal plating of non-
conductive substrates is used because the process is known to be superior to the vacuum
vapor deposition process, the sputter coating deposition process, including magnetron
sputtering, and the ion-beam assisted deposition process because it provides greater
conductivity and resistivity of the plated substrate. Unlike vacuum vapor deposition, the
sputter coating deposition and the ion-beam deposition processes, filaments, fibers, yarns and
fabrics (woven, knitted, and non-woven) that have been metal plated by the autocatalytic
process result in three dimensional continuous conductive pathways, while retaining the
physical properties of the base material. Vacuum vapor deposition and sputter coating are
inferior because they plate substrates in two dimensions with subsequent shadows, lack
uniformity of the plated metal coatings, and alter the flexibility and conformability of the
substrate. Vacuum vapor deposition and sputter coating typically plate substrates in a “line
of sight” manner similar to commercial spray painting with compressed air.

Once the fibers are coated with a metal or metal alloy, they can be assembled
into yarn, cord, thread, fabric, or combinations thereof, to form a layer of woven, knitted or
non-woven fabric. The layers are assembled in any configuration predetermined by the

intended aspect of the wound dressing. Autocatalytic silver plated fibers, filaments, yarns
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and fabrics are commercially available from Conductive Specialty Fabrics Manufacturing

LLC, Lakemont, GA.

The present invention comprises a method of manufacturing a dressing, wherein the
dressing comprises at least one conductive layer;at least one absorbent layer; and at least one
moisture regulation comprising a plurality of apertures disposed in the moisture regulation
layer comprising, a) creating apertures in the moisture regulation layer, b) providing the
conductive layer and the absorbent layer, c) assembling the absorbent layer, the moisture
regulation layer and the conductive layer each on top of the other to form a contiguous fabric,
and d) laminating the fabric of step c. The lamination step is performed by methods known
in the art, including but not limited to, pressure sensitive adhesives, heat pressure lamination,
flame lamination, hot melt lamination, point embossing, point bonding, spot bonding,
sewing, or a combination thereof. The present invention also comprises a method of
manufacturing a dressing, wherein the dressing comprises at least one conductive layer,

at least one absorbent layer ; and at least one moisture regulation layer positioned
adjacent the absorbent layer or adjacent the conductive layer and comprising a plurality of
varying sized apertures disposed in the moisture regulation layer, a) providing the
conductive layer, the moisture regulation layer, and the absorbent layer, b) assembling the
absorbent layer between the moisture regulation layer and the conductive layer, c)
laminating the fabric of step b, and d) creating apertures in the moisture regulation layer.
Creating apertures comprises making the appropriately sized and shaped apertures in the
moisture regulation layer using whatever means will create the aperture. Cutting, piercing,
premolding the fabric to include the apertures and similar actions are intended by the term
creating apertures. Lamination is performed by pressure sensitive adhesives, heat pressure
lamination, flame lamination, hot melt lamination, point embossing, point bonding, spot
bonding, sewing, or a combination thereof.

The assembled layers of the woven, knitted or non-woven fabric of the present
invention can be laminated by any manufacturing method known in the art for assembling
layers of 100% conductive metallized fibers, layers of varying ratios of conductive metallized
fibers to non-conductive fibers, layers of absorbent material, semi-permeable or impermeable
film or foam, and backing sheets with pressure sensitive adhesives. Such methods can
include, but are not limited to, heat pressure lamination, flame lamination, hot melt
lamination or any combination thereof. Apertures can be cut in the moisture regulation layer

prior to assembly of the layers, or alternatively, after the layers are laminated, using any

32



10

15

20

25

30

WO 03/090654 PCT/US03/12770
manufacturing methods known in the art. The preferable method for placement of the

apertures in the moisture regulation layer or the laminate of the moisture regulation layer,
skin adhesive and backing sheet is to cut the apertures after the layers are laminated.
Advantageously, a kiss cut method with a rotary cutting edge dye can be used to cut through
only the moisture regulation layer or laminate of the moisture regulation layer, skin adhesive
layer and backing sheet without disturbing the absorbency pad or wound contact layers.
Alternatively, the moisture regulation layer or laminate of the moisture regulation layer, skin
adhesive layer and backing sheet can be cut prior to lamination of the fabric, or the moisture
regulation layer can be cut prior to assembly of the dressing.

One means for laminating and electrically integrating the layers is by point
embossing or point bonding achieved by passing the fabric between a pair of niprolls, one
roll having a series of spaced pins extending radially from the roll, and the other roll being
flat. As the fabric layers are passed between the niprolls, the pins press into the fabric and
force the fibers of one layer into the interstices of the next layer, thus bonding the two layers
by fiber-to-fiber interaction forces. Alternatively, the layers can be laminated by adhesives,
spot bonded (by ultrasonic welding or laser welding) or other techniques known to those
skilled in the art. An alternative technique for laminating the layers is by sewing them
together with conductive thread, preferably autocatalytic silver nylon plated poly or
monofilament silver nylon thread. The conductive laminating thread enhances the overall
conductivity of the conductive layer 114 and minimizes the resistance.

The wound dressings of this invention are most suitable when sterile.
Preferably the dressings of this invention are provided sealed within a microbe-proof
package. The dressing may be rendered sterile, for example, by gamma radiation.
Surprisingly, it has been determined that the silver ion release concentration in aqueous
solutions is improved with gamma radiation.

With respect to prior art, the application of metallic and ionic silver in the
construction of wound dressings has focused on the anti-microbial aspects of silver and silver
ions. The ability of the metallic surface to release particles of metallic silver or silver ions
was related to the anti-microbial aspect of the dressing. The volume resistivity and
conductivity was not addressed. In the present invention, resistivity and conductivity
contribute to the capabilities of the wound dressing.

The present invention is further illustrated by the following examples, which

are not to be construed in any way as imposing limitations upon the scope thereof. On the
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contrary, it is to be clearly understood that resort may be had to various other embodiments,

modifications, and equivalents thereof which, after reading the description herein, may
suggest themselves to those skilled in the art without departing from the spirit of the present

invention and/or the scope of the appended claims.

Example 1
A dressing of the present invention was used to treat a 45 year old male

suffering from cutaneous manifestation of “shingles”, Herpes zoster virus unilaterally at the
tenth thoracic dermatome measuring 2 inches by 3 inches. The patient applied the multilayer
wound pad illustrated in FIG 4 after moistening the pad with tap water. The dressing was
held in place with an adhesive layer and backing sheet Within five minutes, the patient
reported 25% reduction in pain and within 2 hours nearly 90% reduction in pain. The patient
reported that as the dressing dried out the pain returned, but never returned to the level
experienced prior to placement of the dressing. When the dressing was re-moistened with
water, the pain level was significantly reduced within ten minutes. The dressing was
moistened through the moisture regulation layer without removing the dressing from the

cutaneous viral outbreaks. The cutaneous lesions healed within 36 hours after application.

Example 2

A three year old female received 80% total body surface area full thickness
(third degree burns) burns secondary to a flame injury. She was taken to surgery shortly after
admission and all body surface areas were debrided of necrotic tissue. Integra® synthetic
skin was applied and covered with the wound dressing illustrated in FIG 4. The dressing was
changed every two days leaving the synthetic skin in place. Gradually the synthetic skin was
surgically excised and meshed split thickness skin graphs were applied. The wound dressing
was applied over the meshed split thickness skin graphs, and was changed every two days
until the wounds healed. The dressing was moistened every 12 hours with sterile water

throughout the course of healing.

Example 3
Table 1 illustrates the release of silver ions. A four inch by four inch square of

an autocatalytic electroless silver plated 5.5 ounce per square yard warp knit fabric was

incubated in tryptic soy broth at 37°C. The concentration of silver ions was measured by
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inductively coupled plasma spectroscopy over a twelve day period. FIG 4 illustrates that the
concentration of silver ions increased from less than 10 micrograms/ml the first hour, to over

60 micrograms/ml by day 5.Table 1

Time

Dressing 2 3 5 8 12
1Hr | 2Hr | 4Hr | 24Hr
Day | Day | Day | Day | Day

4 inch by
4 inch 8.5 13.9 19.1 43.1 51.9 58.1 65.4 64.5 64.2
55 pg/ml | pg/ml | pg/ml | pg/ml | pg/ml | pg/ml | pg/ml | pg/ml | pg/ml
oz/yd?

It is well known that between 3 and 25 micrograms/milliliter of ionic silver are required to
kill the most common pathologic wound microorganisms. Results indicated that the effective

silver ion concentration was attained in about 1 to about 4 hours.

Example 4
FIG 5 and Table 2 demonstrate the anti-microbial activity of a four inch by

four inch sample of autocatalytically silver plated 5.5 ounce per square yard warp knit fabric.
The fabric was positioned on media that was inoculated with pathogenic organisms
Pseudomonas aeuroginosa and Staphylococcus aureus and incubated at 37°C. Growth of the
organisms were measured by the “ASTM Standard Test Method for Determining the Anti-
microbial Activity of Immobilized Anti-microbial Agents Under Dynamic Contact
Conditions” ASTM E 2149-01. The reduction in CFU/ml from 10® CFU/ml of Pseudomonas
aeuroginosa ATCC 9027 and Staphylococcus aureus (MRSA) ATCC 33591 was studied.

The reduction in organism counts expressed in colony forming units (CFU) per milliliter was

measured at 0 hours, %2 hour, 1 hour, 1 % hour, 2 hours and 4 hours.
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Table 2

Bacterial Time

Species 0 Hour 0.5 Hour | 1.0 Hour | 1.5 Hour | 2.0 Hour | 4.0 Hour
Staphylococc | 1,500,00 | 210,000 | 3,400 2,500 120 0
us aureus | 0 CFU/ml | CFU/ml | CFU/ml | CFU/ml
MRSA CFU/ml
ATCC 33591
Pseudomonas | 2,400,00 | 0 0 0 0 0
aeruginosa 0 CFU/ml | CFU/ml | CFU/ml | CFU/ml | CFU/ml
ATCC9027 | CFU/ml

Example 5

A study was conducted to determine the efficacy of a wound dressing of the
present invention when used with Integra®, an artificial skin used for burn treatment.

A wound dressing was constructed comprising autocatalytic plated silver fibers
for the conductive layer, and one layer of absorbent material was positioned between the
conductive layer and the moisture regulation layer. The moisture regulation layer was
constructed of a polyurethane film with Smm slit-shaped apertures cut into the layer.

The Integra® was prepared according to the manufacturer’s directions to
remove the EtOH preservative, and was cut into squares of 1.5 inches. Ten squares were
used to test Staphylococcus aureus and ten squares were used for Pseudomonas aeruginosa.
A seam was created in each square to simulate two pieces of Integra® being joined together
to cover a wound. Each Integra® piece was centered on an individual standard blood agar
plate. Each piece of Integra® was completely covered with a 2 inch square piece of wound
dressing of the present invention and incubated at 37° C for 24 hours. At 24 hours, two
drops (=100 microliters) of a suspension containing greater than 10°, colony forming units

per milliliter of Pseudomonas aeruginosa or Staphylococcus aureus were added to the center

of each dressing, simulating contamination in the post-operative patient. The dressings were
re-moistened and incubated for 48 hours. After 48 hours, the dressings and the Integra®
were carefully removed using sterile technique. Cultures were obtained from the area of the

plate that was once covered with Integra, being sure to swab across the area where the seam
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in the product had been. Fresh agar plates were streaked with these samples and incubated

for 24 hours.

The results are noted in the chart below.

Time Staphylococcus aureus | Pseudomonas aeruginosa
(MRSA).
+growth -growth +growth -growth
72 Hr 6 plates 4 plates 3 plates 7 plates

The results illustrated that, when used in conjunction with Integra® artificial
skin, the wound dressing of the present invention was 70% effective in preventing growth of

Pseudomonas aeruginosa and 40% effective in preventing growth of Staphylococcus aureus.
p: g gr

Example 6

A test was conducted to determine the anti-microbial efficacy of a wound
dressing of the present invention in an in vitro setting. Blood agar plates streaked with broth

containing 10® CFU per milliliter of Pseudomonas aeruginosa and Methicillin Resistant

Staphylococcus aureus (MRSA) were tested.

A wound dressing of the present invention was constructed comprising
autocatalytically plated silver fibers for the conductive layer, and one layer of absorbent
material was positioned between the conductive layer and the moisture regulation layer. The
moisture regulation layer was constructed of a polyurethane film with 5mm slit-shaped
apertures cut into the layer.

Ten blood agar plates were streaked with broth containing 10° CFU of
Pseudomonas aeruginosa and ten blood agar plates were streaked with broth containing 10°

CFU of Methicillin Resistant Staphylococcus aureus (MRSA). One inch square of the

wound dressing of the present invention was placed in the center of each of ten blood agar
plates. The remaining five plates were used as controls. The plates were incubated at 37°C
and sterile water added as needed to maintain moist dressings. After 72 hours, a culture was

obtained from under each dressing and plated on blood agar. These plates were then
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incubated for 24 hours and evaluated for bacterial growth. This process was repeated after

six days.
The results of bacterial growth were counted and recorded in the table below.
5
Time Staphylococcus aureus | Pseudomonas aeruginosa
(MRSA).
+growth -growth +growth -growth
72 Hr 4 plates 4 plates 4 plates 4 plates
6 Days 0 plates 5 plates 0 plates 5 plates
The conclusion was that the wound dressing was effective in killing
Methicillin Resistant Staphylococcus aureus (MRSA) and Pseudomonas aeuroginosa.
Prolonged exposure to established bacterial growth resulted in progressive death.
10 Although the invention has been described in detail for the purpose of the

illustration, it is understood that such detail is solely for that purpose, and variations can be
made therein by those skilled in the art without departing from the spirit and scope of the

invention, which is defined by the following claims.
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CLAIMS

What is claimed is:

1. A wound dressing, comprising,
at least one conductive layer;
at least one absorbent layer; and
at least one moisture regulation layer comprising a plurality of apertures

disposed in the moisture regulation layer.

2. The dressing of Claim 1, wherein apertures of the moisture regulation layer allow
passage of materials ranging in size from no passage of materials to passage of microbial or

environmental contaminants.

3. The dressing of Claim 1, wherein the moisture regulation layer is attached to the at

least one absorbent layer or the at least one conductive layer.

4, The dressing of Claim 1, wherein the conductive layer comprises at least one fiber

that is coated three dimensionally with a metal or a metal alloy.

5. The dressing of Claim 4, wherein the metal is selected from copper, silver, gold,

palladium, nickel, cobalt or a combination thereof.

6. The dressing of Claim 4, wherein the metal is selected from an alloy of nickel and
boron, cobalt and boron, palladium and boron, nickel and phosphorus, cobalt and

phosphorus, palladium and phosphorus, or a combination thereof.

7. The dressing of Claim 1 wherein the conductive layer comprises a polymeric foam coated

three dimensionally with metal or a metal alloy.

8. The dressing of Claim 1, wherein the conductive layer comprises at least one fiber or
foam having grooves or channels along the longitudinal axis of the fiber or foam for capillary
movement of water, to store or trap substances, and to provide large active surface areas for a

given denier per fiber or foam.
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9. The dressing of Claim 1, wherein the at least one conductive layer comprises at least
one conductive fiber comprising a three dimensional coating of a metal, and at least orie non-
conductive fiber, wherein the conductive fiber and nonconductive fiber are uniformly

distributed throughout the layer.

10.  The dressing of Claim 9, where in the nonconductive fiber is composed of natural

polymers, synthetic polymers, alginates, chitosan, rayon, cotton, or polymeric substrates.

11.  The dressing of Claim 9, wherein the at least one absorbent layer is a plurality of
layers wherein the ratio of conductive fibers to non-conductive fibers is constant in a given

layer or varies from layer to layer.

12. The dressing of Claim 11, wherein the ratio of conductive fibers to non-conductive

fibers increases as the absorbent layer is positioned in closer proximity to the wound.

13.  The dressing of Claim 1, wherein a magnetic field is provided to the wound surface

by the conductive layer.

14.  The dressing of Claim 1, further comprising an adhesive layer.

15.  The dressing of Claim 1, wherein the at least one conductive layer comprises a fiber

or foam three dimensionally coated with a metal.

16.  The dressing of Claim 1, wherein the at least one absorbent layer comprises
conductive fibers comprising a three dimensional coating of a metal, and non-conductive
fibers, wherein the conductive fibers and nonconductive fibers are uniformly distributed

throughout the layer.

17.  The dressing of Claim 16, where in the fibers are composed of natural polymers,

synthetic polymers, alginates, chitosan, rayon, cotton, or polymeric substrates.

18.  The dressing of Claim 16, wherein the ratio of conductive fiber to non-conductive

fiber is between about 1:100 to 1:0.

40



10

15

20

25

30

WO 03/090654 PCT/US03/12770

19.  The dressing of Claim 16, wherein the ratio of conductive fiber to non-conductive

fiber is between about 1:50 to 1:0.

20.  The dressing of Claim 16, wherein the ratio of conductive fiber to non-conductive

fiber is between about 1:25 to 1:0.

21.  The dressing of Claim 16 further comprising at least one moisture regulation layer

positioned adjacent to the at least one absorbent layer.

22. The dressing of Claim 1, wherein the absorbent layer is polymeric sheets, films, or

foams.

23. The dressing of Claim 22, wherein the moisture regulation layer has apertures.

24, The dressing of Claim 22, wherein the moisture regulation layer does not have

apertures.

25. The dressing of Claim 1, wherein there are multiple layers of conductive and

absorbent layers.

26. The dressing of Claim 25, wherein the at least one absorbent layer comprises a
plurality of layers, each layer increasing in thickness as the proximity from the wound

increases.

27. The dressing of Claim 25, wherein the conductive layers and absorbent layers

alternate.

28.  The dressing of Claim 1 wherein the apertures comprise a geometric shape having

curved lines, straight lines, or a combination thereof.

29.  The dressing of Claim 1 made into a shape selected from a pad, a tampon, a tubular

configuration, an island dressing, a strip dressing, or any combination thereof.

41



15

20

25

30

WO 03/090654 PCT/US03/12770

30. A secondary dressing for applying to a wound dressing comprising at least one
absorbent layer, at least one semi-permeable backing layer and a pressure adhesive layer

continuous around the perimeter of the backing layer.

31. A method of treating a wound in a human or an animal comprising, a)
applying a dressing to a wound on a human or animal wherein the dressing comprises at least
one conductive layer; at least one absorbent layer; and at least one moisture regulation layer
comprising a plurality of apertures disposed in the moisture regulation layer;

b) monitoring the absorbent layer of the dressing to determine a variation
from a predetermined fluid level; and

¢) adding or removing fluid through the moisture regulation layer to maintain

the predetermined fluid level.

32.  The method of Claim 21 further comprising:

affixing a secondary dressing to the external surface of the dressing applied in step a)
to the wound, wherein the secondary dressing comprises at least one absorbent layer, at least
one semi-permeable backing layer and a pressure adhesive layer continuous around the

perimeter of the backing layer.

33. A method of manufacturing a dressing, wherein the dressing comprises at least one
conductive layer;  at least one absorbent layer; and at least one moisture regulation
comprising a plurality of apertures disposed in the moisture regulation layer comprising

a) creating apertures in the moisture regulation layer,

b) providing the conductive layer and the absorbent layer,

c) assembling the absorbent layer, the moisture regulation layer and the
conductive layer each on top of the other to form a contiguous fabric, and

d) laminating the fabric of step c.
34.  The method of Claim 24 wherein the lamination step is performed by pressure

sensitive adhesives, heat pressure lamination, flame lamination, hot melt lamination, point

embossing, point bonding, spot bonding, sewing, or a combination thereof.
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35. A method of manufacturing a dressing, wherein the dressing comprises at least one

conductive layer,  at least one absorbent layer ; and at least one moisture regulation layer
positioned adjacent the absorbent layer or adjacent the conductive layer and comprising a
plurality of varying sized apertures disposed in the moisture regulation layer
5 a) providing the conductive layer, the moisture regulation layer, and the absorbent

layer,

b) assembling the absorbent layer between the moisture regulation layer and the
conductive layer,

c) laminating the fabric of step b, and

10 d) creating apertures in the moisture regulation layer.

36.  The method of Claim 35 wherein the lamination step is performed by pressure
sensitive adhesives, heat pressure lamination, flame lamination, hot melt lamination, point
embossing, point bonding, spot bonding, sewing, or a combination thereof.
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