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converted from a moisture vapor
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having reduced moisture vapor
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be accomplished in a variety of ways.
In some embodiments, a solvent is
used to dissolve a porous material to
thereby form a non-porous film. In
other embodiments, heat is applied to
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applied using a heated gas or a heating
element to directly or indirectly heat
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WOUND DRESSING WITH CONTROLLABLE PERMEABILITY

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001]  This application claims the benefit of U.S. Provisional Application No.

- 60/884,321, filed January 10, 2007, and U.S. Provisional Application No. 60/888,693,

filed February 7, 2007, the disclosures of which are incorporated by reference herein in

their entireties.

FIELD OF THE INVENTION

[0002] This invention relates to wound dressing materials and to methods of

manufacture thereof.

BACKGROUND

[0003] Currently, the common method of wound treatment is to cover the wound
with a wound dressing. The wound dressing is manufactured as a precut sheet of multi-

layer material of various shapes and sizes. The wound dressing is applied to cover the

- wound and a portion of the surrounding healthy skin. Sometimes the wound dressing is

cut to reduce the size and to better fit the wound size and shape. This reduces the

amount of healthy skin covered by the dressing.

0004] A typical wound commonly has two or more different regions or areas,
including necrotic, sloughy, bacteria colonized, granulating, epitheliazing, bleeding,
exudating, and drying, which are surrounded by healthy skin tissue. The wound and its
various areas are usually of irregular shapes. ' Consequently, covering the whole
wound area and surrounding healthy skin with the same standard dressing type may
create adverse conditions fo'r certain areas of the wound or the surrounding skin, which
may increase the healing time or even cause adverse effects such as secondary

dermatitis.

[0005] The known basic principals of wound treatment are: (a) keep wound moist,
(b) control excessive exudate, (¢) keep healthy skin dry. Any wound is a non-
homogeneous object. Within the same wound there may be simultaneously exudating

and drying tissue areas. So a wound caregiver would need absorptive and moisturizing
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properties combined within one dressing. To control local properties of the dressing
from highly moisture vapor permeable to low moisture vapor permeable on-demand is

a challenge.

[0006]  Theretore, it would be desirable to provide a method for wound care that
provides the optimal targeted moisture vapor control conditions for wound healing by
matching the size, shape, and water and water vapor retaining property of a wound .
dressing to the targeted wound areas and current wound conditions. It would also be

desirable to provide a system to produce such a wound dressing.

SUMMARY |

[0007] In accordance with embodiments of the present invention, wound dressings
and methods of manufacturing wound dressings are provided. The wound dressings
include portions that are converted from a moisture vapor permeable material (non-
occlusive) to a material having reduced moisture vapor permeability (semi-occlusive or
occlusive). Typical non-occlusive materials have a moisture vapor transmission rate
(MVTR) > 2 g/sq.cm/24 hour. Typical occlusive materials have an MVTR < 0.05
g/sq.cm/24 hour. A semi-occlusive material will have an MVTR in between. The
conversion may be accomplished in a variety of ways. In some embodiments, a solvent
1s used to dissolve a porous material to thereby form a non-porous film. In other
embodiments, heat is appl'ied to melt a porous material to thereby form a non-porous
film. The heat inay be applied using, €.g., a heated gas or a heating element to directly
or indirectly heat the material. The conversion of the material using a solvent or heat
causes the material to experience a temporary phase change, e.g., from a solid to a
liquid and then back to a solid. This temporary phase change can change the form of
the material from a fibrous layer to a solid film, thereby moditying the moisture vapor

permeability of the material.

[0008] In some embodiments, the wound dressings comprises multiple layers. The

layer which has portions converted from a water vapor permeable material to a water

' vapor impermeable material may be provided in various locations among the layers.

The converted layer may be provided between two layers which are not converted. In
this case, the solvent or heat will pass through a first layer before reaching the

converted layer. The first layer comprises a material which is water vapor permeable
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‘but does not react to the conversion method to convert into a water vapor impermeable

material. For example, the first layer may comprise a material that is not soluble in the
solvent used to dissolve the converted layer. In other cases, the first layer may |
comprise a material which has a higher melting point than the converted layer. The |
heat that 1s applied to melt the converted layer passes through the first layer without
melting the first layer. The melting of the converted layer in a multi-layer dressing may

also be used to bond multiple layers together.

[0009] Other features and aspects of the invention will become apparent from the

folloWing detailed description, taken in conjunction with the accompanying drawings

- which 1llustrate, by way of example, the features in accordance with embodiments of

the invention. The summary is not intended to limit the scope of the invention, which is

defined solely by the claims attached hereto.

DESCRIPTION OF THE DRAWINGS

[0010]  Figs. 1A-1D are cross-sectional views showing a dressing comprising a
material having a sub-surface convertible layer and process steps of forming a barrier

film in accordance with embodiments of the present invention.

[0011]  Figs. 2A-2C are cross-sectional views showing a non-woven material for
barrier film casting from a polymer solution and process steps of forming a dressing

having this film.

[0012] Figs. 3A-3C illustrate a wound dressing 30 and a method of fabricating the

wound dressing using heat.

[0013] Figs. 4A-4C illustrate another embodiment in which an auxiliary layer is

positioned adjacent to the second side of the first layer.

[0014] Figs. SA-5C illustrate another embodiment in which an additional barrier

layer 1s positioned between the first layer and auxiliary layer.

[0015]  Figs. 6A-6C illustrate a method of fabricating a dressing having multiple
sheets bonded together in stack.

[0016] Figs. 7A-7F illustrate a method of fabricating a wdund dressing with
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controllable permeability.

(0017} - Figs. 8A-8F illustrate another method of fabricating a wound dresSing with

controllable permeability.

[0018] Fig. 9 illustrates another embodiment in which the dressing comprises

5  multiple sheets.

DETAILED DESCRIPTION

[0019]  In the tollowing description, reference is made t(j the accompanying
drawings which illustrate several embodiments of the present invention. It is
understood that other embodiments may be utilized and changes may be made without
10 departing from the spirit and scope of the present disclosﬁe. The following detailed
description is not to be taken in a limiting sense, and the scope of the embodiments of

the present invention is defined only by the claims of the issued patent.

[0020] It will be understood that, although the terms first, second, third etc. may be
used herein to describe various elements, components, regions, layers and/or sections,
15  these .elements, components, regions, layers and/or sections should not be limited by
these terms. These terms are only used to distinguish one element, component, region,
layer or section from another region, layer or section. Thus, a first element,
component, region, layer or section discussed below could be termed a second element,
“component, region, layer or section without departing from the teachings of the present

20  1mvention.

[0021] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. Spatially relative
terms, such as "beneath", "below", "lower", "above", "upper" and the like, may be' used
herein for ease of description to describe one element or feature's relationship to

25  another element(s) or feature(s) as illustrated in the figures. It will be understood that
the spatially relative terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation depicted in the figures. For
example, if the device in the figures is turned over, elements described as "below" or
"beneath" other elements or features would then be oriented "above" the other elements

30  orfeatures. Thus, the exemplary term "below" can encompass both an orientation of
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above and below. The device may be otherwise oriented (rotated 90 degrees or at other

orientations) and the spatially relative descriptors used herein interpreted accordingly.

n_ 1 n

10022] As used herein, the singular forms "a", "an" and "the" are intended to

include the plural forms as well, unless the context indicates otherwise. It will be
further understood that the terms "comprises" and/or "comprising" specify the presence
of stated features, steps, operations, elements, and/or components, but do not preclude
the presence or addition of one or more other features, steps, operations, eléments,

components, and/or groups thereof.

[0023] Figs. 1A-1D show a dressing 10 comprising a material having a sub-surface
convertible layer and process steps of forming a barrier film in accordance with

embodiments of the present invention.

[0024] In this embodiment, the dressing 10 comprises four layers 11-14. When the
dressing 10 is applied to a patient, the layer 11 would be facing the patient's Wound.
The layer 11 may comprise a hydrophilic and highly absorptive, non-woven, fiber-
based material or foam. The material may comprise a polymer microfiber and/or a
polymer nanofiber. Microfibers are fibers ﬁth strands of 1éss than one denier and may
comprise polyamides, polyvinyl alcohol, cellulose or polyurethane and blends thereof.
Nanofibers are fibers with diameters less than 100 nanometers (nm). The thickness of
the layer 11 may be, e.g., Imm. In other embodiments, the thicknesses of the various

layers of the dressing 10 may vary.

[0025] The layer 12 serves as a bulk water and bacteria barrier for the dressing. The
layer 12 may comprise hydrophobic polymer polycaprolactone (PCL), Mw > 100,000
(GPC), available from Scientific Polymer Products, Inc., of Ontario, NY. PCL is a
biocompatible polymer widely used n implantable medical devices. The fiber size is in
the range 100-800 nm with an average pore size about 500 nm. The thickness of the
layer 12 may be, e.g., 100 +/- 5 micron. The layer 12 may be made of a film which has
a high moisture vapor transmission rate but is substantially fluid and miscrobe

impermeable.

[0026] The layer 13 1s a convertible layer positioned on top of layer 12. The layer
13 1s covered by the top layer 14. The top layer 14 may comprise the same material as

layer 12 and may serve as an external layer of the wound dressing.
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[0027] The convertible layer 13 may comprise a mixture of two fiber types: soluble
and non-soluble in a selective solvent. The non-soluble fibers serve as a scaffold
between the layers 2 and 4 to provide mechanical integrity when the soluble fibers of
the layer 13 are dissolved. The material for the non-soluble fibers may be the same as

the material forming layers 12 and 14, e.g., PCL.

0028] PCL 1s known to be soluble in acetone, ethyl acetate, and chloroform but not

soluble in alcohols. Isopropanol may be used as a selective solvent for the soluble

' fibers of the layer 13. One suitable solvent is poly(n-butil methacrylate) (PBMA),

Mw>100,000 (GPC), available ffom Scientific Polymer Products, Inc., of Ontario, NY.
PBMA 1s known as a biocompatible polymer and is approved by FDA for use in

implantable medical devices.

[0029] In some embodiments, the fiber size of the layer 13 may be in the range of

1-5 microns with an average pore size about 3 microns. Layer 13 may be provided

‘with a different fiber size and pore size from layers 12 and 14 to facilitate easier visual

recognition of the layers. In other embodiments, the fiber size and pore size of the

various layers may be similar or identical.

[0030] Figs. 1A-1D illustrate a method of manufacturing the dressing 10 by

converting a sub-surface microfiber layer into a barrier film.

[0031] In Fig. 1A, the four layers 11-14 are positioned adjacent each other. In
some cases, an adhesive 1s used to couple adjacent layers together prior to conversion
of the convertible layer. In other embodiments, the layers 11-14 may be secured

together during subsequent process steps by laminating or due to cohesive forces.

[0032] In Fig. 1B, a non-polar solvent 15 is applied to the outer surface of layer 14.
The solvent 15 may be applied in a variety of ways. In one example, the solvent 15 is
dispensed from a capillary which 1s translated across the surface of the layer 14, e.g., in
the y-direction perpendicular to the page plane of Fig. 1B, at a constant velocity V.
The capillary may also be incrementally moved in the x-direction parallel to the page
plane of Fig. 1B. The solvent flow rate and velocity V, define the amount of solvent
diépensed per length unit and the corresponding width of every line as the solvent is
absorbed into region 16 of the dressing (shown in Fig. 1C). The estimated optimal

volume of the solvent per length unit may be approximately calculated based on the
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thicknesses of layers 12-14, capillary diameter, and porosity of the material.

[0033] The solvent 15 and materials for layers 12-14 are selected such that the
solvent 15 dissolves only the soluble fibers of the layer 13. The portions of layer 13
which are dissolved by the solvent 15 form a water vapor impermeable film 17 The
solvent is allowed to evaporate, leaving layers 12 and 14 unaffected, while leaving a
pattern of film 17 in layer 13, as shdwn in Fig. 1D. The undissolved scaffold fibers 18
remain in the region 16 and may be sufficiently stiff to resist solvent surface tension, as

shown 1n Fig. 1D.

[0034] Each line of film 17 has a width W2 and may be separated from adjacent

film lines by a distance W1. In some embodiments, the width W2 and the separation

distances W1 may be varied within a single dressing to thereby provide a controllable
size and shape for the impermeable regions of the dressing 10. The values W2 and W1
may be measured by observing a non-woven material cross-section using an optical
microscope or scanning electron microscope (SEM). These measurements may be used
to adjust the X increment and to vary the ratio of the barrier film area to the total

sample area. The SEM observations allow characterizing the resulting conditions of

the solidified PBMA film, PCL fiber scaffold, and layers 12 and 13.

[0035] The thickness of the film 17 is expected to be a proportional function of the
layer 13 thickness and the ratio of soluble/insoluble fibers in that layer. The moisture
vapor transmission rate (MVTR) property of the barrier film 17 is a function of its
thickness. The overall MVTR may be studied as a function of measured barrier film
thickness and ratio W1/W2, and also as a function of the process parameters such as

thicknesses of the layer 13 and increment X.

[0036] Figs. 2A-2C illustrate a non-woven material for barrier film casting from a
polymer solution and process steps of forming a dressing 20 having this film, in

accordance with embodiments of the present invention.

[0037] Fig. 2A shows dressing 20 having two layers 21-22, similar to layers 11-12
of Fig. 1A. In Fig. 2B, a polymer solution 23 is applied to the exterior surface of layer

22. The polymer solution 23 may be applied in a variety of ways. In one example,' the
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polymer solution 23 is dispensed from a capillary which is translated across the surface
of the layer 22, e.g., in the y-direction perpendicular to the page plane of Fig. 2B, at a
constant velocity Vy. The capillary may also be incrementally moved in the x-direction
parallel to the page plane of Fig. 2B. The solution flow rate and velocity Vy define the

amount of solution dispensed per length unit.

[0038]  The polymer solution is dried to form a barrier film 24 on the exterior
surtace of the layer 12, as shown in Fig. 2C. The width W2 of every line and the

~ thickness of the film 24 is defined by the polymer solution amount per length unit,

polymer concentration in the solution, viscosity and surface tension of the solution,
wettability and chemical interaction of the solvent with the layer 12 material (PCL). To
minimize the number of process parameters, a 15% solution of PBMA in isopropanol is
used for film casting as isopropanol does not dissolve PCL. This concentration may
provide a low viscosity solution that is easily dispensed through a capillary and less

susceptible to clogging.

[0039] The thickness of the film 24 and the distances W2 and W1 may be measured
by inspecting a cross-section of the dressing 20 using an optical microscope or
scanning electron microscope (SEM). These measurements may be used to adjust the

increment X to vary the ratio of the barrier film area to the total sample area.

[0040] Figs. 3A-3C illustrate a wound dressing 30 and a method of fabricating the
wound dressing using heat in accordance with embodiments of the present invention.
In Fig. 3A, a first layer 31 comprising a microporous or microfiber sheet 1s provided.
A microporous sheet 1s made of a solid material having pores provided therein. A
microtiber sheet is made of separate fibers that are woven or otherwise retained
together in sheet form. The first layer 31 has first and second sides 32 and 33. The

first side 32 1s a wound-facing side and the second side 33 is used for co_ntrollable

- change of the moisture vapor permeability of the dressing 30. In one embodiment, the

first layer 31 cornprisés a thermoplastic polymer, e.g., polycaprolactone or nylon.

[0041] In Fi1g. 3B, heat is applied to the second side 33 to convert the material on
the second side 33 so as to modify the moisture vapor permeability of the dressing 30.

A heating tool may be positioned in close proximity to the second side 33 and moved
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along the side 33 with controllable speed and traj ectofy;

[0042] In one embodiment, the heating tool comprises a heating element, such as a

‘metal rod 311. The heating element 311 is heated to a temperature higher than the

~ melting point of the material forming the first layer 31. The heating element 311 may

be positioned at a distance 0.1-20 mm from the tip of the heating element 311 to the
surface of the side 33 to maximize the heat transfer while avoiding touching and
dragging of the melted polymer by the heating element 311. The heating element 311
may be moved by actuators 312 in directioﬁs X and Y parallel to the surface of side 33
surface with a programmed velocity Vy. The heating element 311 may comprise a gold '
plated copper rod heated by a barrel type ceramic heater. A thermocouple may provide
feedback to a proportional-integral-derivative (PID) temperature controller. The
operating temperature may be set at 130+/-2°C for polycaprolactone and 230 °C for
nylon . The heating element may be advanced towards the side 33 in a direction

substantially perpendicular to the surface of the side 33.

[0043] The heating element 311 heats the surface of the second side 33 to the
melting temperature of the polymer. As a result, the porous or microfiber structure of

the material on the surface of the second side 33 is converted to a non-porous film 34.

[0.044] [n another embodiment the heating tool may be a nozzle 314 that directs
heated gas 315 onto the surface of the second side 33 in a direction substantially
perpendicular to the surface of the second side 33. The distance between the outlet of
the nozzle 314 and surface of the second side 33 may be, e.g., 1-10 mm, the nozzle
diameter may be 1n the range of 0.5 — 10 mm, and the flow rate of the heated gas may
be 0.1-20 liter/minute. The hot gas temperature is higher than the melting temperature

of the material.

[0045] The heated gas 315 from the moving nozzle 314 melts the material on the
surface of the second side 33, leaving a barrier film 34 in a linear pattern having a line
width W2. Non-melted material W1 may remain between the subsequent passes of the
heating tool if the incremental shift of the heating toll is larger than the film 34 width
W2. This produces a dressing 30a with surface regions having different moisture vapor
permeabilities, as shown in Fig. 3B. If the increment X is less than the width W2 then
a dressing 30b having a continuous barrier film 35 formed on the second side 33 is

produced, as shown in Fig. 3C.
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[0046] The moisture vapor permeability of the resulting dressing 30 is a function of
barrier film thickness h and ratio W1/W2, and also as a function of the process
parameters such as thickness of the layer 33 and increment X. The moisture vapor

permeability is decreased as the thickness and surface area of the film 34 is increased.

[0047] Figs. 4A-4C 1llustrate another embodiment in which an auxiliary layer 46 is
positioned adjacent to the second side 43 of the first layer 41. The auxiliary layer 46
may comprise a porous material having a high moisture vapor permeability but a lower
melting point than the material forming the first layer 41. The first layer 41 may
comprise a non-thefmoplastic or non-meltable material such as cotton or cellulose. The
thickness of the auxiliary Iayér 46 thickness may be, c.g., 0.1 — 5 mm. The converted
portions of the auxiliary layer 46 may include only portions of the surface of the
auxiliafy layer 46, thereby producing dressing 40a shown in Fig. 4B, or the converted
portions of the auxiliary layer 46 may the entire surface of the auxiliary layer 46,

thereby producing dresSing 40b shown 1n Fig. 4C.

[0048] In the embodiments illustrated in Figs. 4A-4C, the first layer 41 serves as a

“stop layer for the melting of the material of the auxiliary layer 46 during heating by a

heating tool 314. As a result the thickness h of the barrier film 44 or 45 is more uniform
and less dependable on variations of positioning, temperature and movement of the

heating tool 314.

[0049] Figs. SA-5C 1llustrate another embodiment in which an additional wicking
layer 57 1s positioned between the first layer 51 and auxiliary layer 56. The Wicking
layer 57 has higher melting point than the material forming the auxiliary layer 56 or is
non-meltable. The material of the wicking layer 57 may be layer having a moisture
vapor permeability greater than, equal to, or less than the first layer 51. The wicking
layer 57 serves as a wicking barrier for the melted material of the auxiliary layer 56 to

prevent wicking of the melted material into the first layer 51.

[0050] Figs. 6 A-6C illustrate a method of fabricating a dréssing 60 having multiple
sheets 67a-67b bonded together in stack. The multiple sheets 67 may be bonded
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without affecting the overall moisture vapor permeability of the resulting multisheet
assembly 60. Each sheet 67 comprises a first layer 61 and an auxiliary layer 66, and has
a first side 62 and a second side 63. The sheets 67 may be oriented so that the first side

62a of a first sheet 67a faces the second side 63b of an adjacent sheet 67b, as shown in

Fig. 6A. In some embodiments, the auxiliary layer 66 of the bottom sheet (sheet 67a in

Fig. 6C) may be omitted.

[0051] After the sheets 67a-67b are stacked, heat is applied to the stack to melt the
auxiliary layer 66b between layer 61a and layer 61b. The melted portions of the
auxiliary layer 66b bond the layers 61a-61b together. If the size of the melted portio‘ns
1s small, the overall moisture vapor permeability of the dressing 60 is not significantly
impacted, which may be desirable in some cases. In other cases, it may be desirable to
reduce the moisture vapor permeability of the dressing 60, in which case a suitable size

of the melted portions is chosen to provide the desired permeability.

[0052] The auxiliary layer 66 may be melted in a variety of ways. In the
embodiment illustrated in Fig. 6B, the stack of sheet 67a-67b is placed on a support 69
and a heating tool 630 is pressed onto the first side 62b of the second sheet 67b. The
heating tool is heated to a temperature higher than the melting temperature of the
material of the auxiliary layer 66b, but less than the melting temperature of the material
forming layers 61a-61b. The heating tool 630 may be, e.g., an aluminum or plated

copper rod provided with an actuator 631 to enable the tool 630 to apply a force in

direction perpendicular to the support 69. The diameter of the tool 630 may be, e.g., 1-

20 mm.

[0053] The heat from the heating tool 630 melts the material in the auxiliary layer

- 06b. Because the stack of sheets 67a-67b is compressed by the tool 630, as shown in

Fig. 6B, the molten material from the auxiliary layer 66b permeates portions of the

adjacent layers 61a-61b, causing fibers from the layers 61a-61b on either side of the

auxiliary layer 66b to be embedded into the molten region 632.

[0054] After the heating tool 630 is removed (as shown in Fig. 6C), the molten
portion of the auxiliary layer 66b solidifies with the fibers from the layers 61a-61b
embedded within, thereby bonding the sheets 67a-67b at the bonding spot 631. Because
of the material of the layers 61a-61b is not melted, the properties of the layers 61a-61b
in the vicinity of the bonding spot 631 is not affected. -
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[0055] Figs. 7A-7F illustrate a method of fabricating a wound dressing with

controllable permeability in accordance with another embodiment.

[0056] ©  In Fig. 7A, a first sheet 752 comprising a support layer 753 and auxiliary
layer 750 is provided. In some embodiments, the first sheet 752 may comprise niultiple
support layers 753 and aﬁxiliary layers 750. The support layer 753 and auxiliary layer
750 are moisture vapor permeable and may comprise microporous or microfiber
materials. In some embodiments, the materials are at least partially hydrophobic. The
material forming the auxiliary layer 750 has a lower melting temperature than the
material forming the support layer 753. The first sheet 752 serves as a bulk water and
bacteria barrier for the dressing. The auxiliary layer 750 may comprise hydrophobic
polymer polycaprolactone (PCL), Mw > 100,000 (GPC). The fiber size may be in the
range 100 nm - 10 micron. The thickness of the layer 751 may be 10-1000 micron. The
support layer 753 may comprise a microporous polyurethane film havirrg a thickness of

1-100 micron.

[0057] A heating tool 314 may be used to directed heated gas 315 onto the exterior
surface 751 of the auxiliary layer 750. As a result, a portion of the auxiliary layer 750

1s melted to form a partial barrier film 754, as shown in Fig. 7B, or a continuous barrier |
film 755, as shown in Fig. 7C. The temperature of heated gas 315 from the heating tool

314 1s higher than melting temperature of the material forming the auxiliary layer 750
but lower than the melting temperature of the material forming the support layer 753.

The parameters of heating tool movement, such as linear velocity, spacing X between
the consecutive passes, and the thickness of the resulting barrier film 754 or 755 may

be determined experimentally to achieve the desired reduction of overall moisture

vapor permeability of the dressing.

[0038] Next, a sheet 760 comprising a hydrophilic material is positioned adjacent
to the sheet 752 such that the sheet 760 faces the barrier film 755 and auxiliary layer
750, as shown in Fig. 7D. The stack of sheets 752 and 760 is placed on a support 765,
as Shown in Fig. 7E. A heating element 730 is heated to a temperature higher than the
melting temperature of the material of the auxiliary layer 750, but less than the melting
temperature of the material forming the sheet 760. The heating element 730 may
comprise an aluminum or plated copper rod provided with an actuator 731 to move in

direction perpendicular to the support 65 plane.
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[0059] When the sheet stack is compressed by the heated heating element 730, the

material in the auxiliary layer 750 and in the previously melted barrier film 755 is
melted and permeates portions of the sheet 760, causing fibers from the sheet 760 to be

embedded into the molten‘region 766.

[0060] After the heating element 730 is removed (as shown in Fig. 7F), the molten
portion of the auxiliary layer 750 Solidiﬁes with the fibers from the sheet 760
embedded within, thereby bonding the sheet 760 with sheet 752 at the bonding spot
767. If the layer 753 1s made of a fluid impermeable film, then fhe molten material
does not permeate it. If the layer 753 is made of a fluid permeable film, then the molten
material may also permeate portions of the layer 753. Because the material forming the
sheet 760 1s not melted, the properties of the sheet 760 in the vicinity of the bonding
spot 766 is not affected. The overall permeability of the wound dressing is defined by
the permeability of the barrier film 754 or 755 of the sheet 752. The surface 763 of the

sheet 60 1s used for contacting a wound when the dressing is applied.

[0061]  Figs. 8A-8F illustrate another embodiment similar to the embodiment
1llustrated 1n Figs. 7A-7F, except that the sheet 860 is provided with and additional
auxiliary layer 862, as shown in Fig. 8D. The melting temperature of the additional
auxiliary layer 762 1s similar to the melting temperature of the auxiliary layer 751. One
or more sheets 760 may be positioned on top of the sheet 750 so that the additional
auxiliary layer 862 faces the barrier film 755. The method of bonding of the sheets 752
and 860 as shown 1n Figs. 8A-8F is similar to method shown in Figures 7A-7F, except

that when heat 1s applied by the heating element 730, the additional auxiliary layer 762,

~ the barrier film 754 or 755, and the auxiliary layer 750 are melted to form the molten

region 866.

[0062] When applying a bandage to a wound, a retaining layer is often applied over
the top of the dressing to retain the dressing firmly against the wound surface. This
layer could be an adhesive bandage layer or could be a gauze wrapped over the
dressing and around a limb. The retaining layer applies a pressure onto the dressing to
retain the dressing in place. However, in some cases, the force applied by the retaining

layer causes the edge of the dressing to dig into the surface of the skin.
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[0063] Fig. 9 illustrates another embodiment in which the dressing comprises
multiple sheets, with each subsequent sheet having a larger surface area. In the
embodiment shown, the edges of the second shéet 970 protrude over the edges of
underlying sheet 960 by a distance d that may be, e.g., 0.1 to 10 mm. The resulting
dressing 990 has a wound-facing surface 973 on the second sheet 970. The use of
multiple sheets having different sizes can reduce the localized pressure on a wound or
surrounding skin created by the edge of the dressing 990. The pressure applied by the
edge of second sheet 970 on the wound or surrounding skin is reduced because it is not
supported by the underlying sheet 960. Thus, the edges of the second sheet 970 can

detlect away from the wound or skin without causing excessive pressure.

[0064] The materials used to form the various permeable layers described herein
may be produced in a variety of ways. Various fiber forming and deposition techniques
include electrospinning from a solution, gas blowing from a melt, or any other known
technologies. Suitable techniques are described in U.S. Patent Publication No. 2004-
0015115 and U.S. Patent No. 7,105,058, incorporated by reference herein in their

entireties.

- [0065] Examples of suitable polymers to form the microfibers that are at least

weakly hydrophobic include such polymers as poly(caprolactone), poly(D,L-lactic
acid), polyvinylbutiral, poly (glycolic acid), similar co-polymers of these acids, or any
other hydrophobic materials suitable for forming fibers. The microfibers may be
colored for matching patient skin color, or other reasons. Other additives or adjuvant

may be incorporated into the fibers to enhance an anti-bacterial or anti-viral properties,

~orto provide odor absorption properties.

[0066] Any medical adhesive that is suitable for application to the skin may be
optionally applied to the dressing for its attachment to the patient peri-wound skin. The
adhesive may be applied with controlled application density per the area unit. The
density per the area unit of the applied adhesive can be reduced for lighter strength of

the dressing adhesion to the skin, or increased for higher adhesion strength. Any person

skillful in the field can easily determine the necessary amount of the adhesive per area

unit by a few simple experiments.
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[0067] In some embodiments, a sterile water or water based solution commonly
used for moisturizing wounds,' such as saline or a mixture water and glycerin, is applied
to the microfiber material through the outer layer of the dressing before application of
the dressing to the wound. The amount of the moisturizing agent per area or volume
unit of the microfiber material may be controllably varied to achieve the desired

moisturizing effect.

[0068] The dressing may be cut from a continuous sheet or roll of the microfiber
material. The cutting of the dressing may be performing using a tool having a heated

tip, with the tip being heated above the melting temperature of the polymers in the

microfiber material. A temperature of about 350°C may be sufticient for cutting the

microfiber sheet. The tip of the tool may be cone shaped with an angle of about 45°.

With this shape, the cut will be beveled thus reducing potential stress points for the

patient skin.

[0069] Embodiments of the present invention may provide various advantages not
provided by prior art systems. For example, wound dressings may be produced having

variable moisture vapor permeability characteristics. In some cases, certain regions

~ within the dressing can have reduced permeability, while other regions maintain a high

moisture vapor permeability. In other cases, the overall permeability of the dressing
may be adjusted by creating regions of reduced permeability across the entire surface of
the dressing. This may be useful in producing wound dressings that are specifically

customized to treat a particular patient's wound characteristics.

[0070]  While the invention has been described in terms of particular embodiments
and 1llustrative figures, those of ordinary skill in the art will recognize that the -
invention is not limited to the embodiments or figures described. For example, the
wound dressing may also comprise additional layers, materials, or additives beyond
what .is described above. For instance, any of the dressings described herein may be
attached to an additional external film for additional strength, aesthetic appearance, or
reduced permeability of pressurized water. The film may be made of any polymers or

resins and 1s preferably hydrophobic. The film may provide high water vapor and

oxygen permeability greater than 4000 g/m*/24 hour at 37°C. The film material may be
chosen so that 1t 1s, at least partially, insoluble in the solvent used to convert the

permeability of the various layers.
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[0071] In some embodiments, the surface of the dressing may be made more dense
by controlled melting of the micro-fibers forming the outer surface. This may be
achieved by positioning a heating element in close proximity to the surface of the
dressing and moving the heat element quickly across the surface of the dressing. This
rapid heating can be used to melt the fibers on the surface of the dressing without

melting the rest of the microfiber layer.

[0072] Therefore, it should be understood that the invention can be practiced with
modification and alteration within the spirit and scope of the appended claims. The
description is not intended to be exhaustive or to liinit the invention to the precise form
disclosed. It should be understood that the invention can be practiced with modification
and alteration and that the invention be limited only by the claims and the equivélents

thereof.
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surface and an exterior surface opposite the wound facing surface, said method
comprising:
providing a first sheet comprising a moisture vapor permeable material; and
converting a portion of the first sheet to reduce the moisture vapor permeability

of the portion of the first sheet.

Claim 2. The method of Claim 1, wherein said first sheet comprises a microfiber
material.
Claim 3. The method of Claim 1, wherein said converting the portion of the first

sheet comprises applying a solvent to the portion of the first sheet to dissolve the

portion of the first sheet.

Claim 4. The method of Claim 1, wherein said converting the portion of the first
sheet comprises applying heat to the portion of the first sheet to melt the portion of the
first sheet.

Claim 5. The method of Claim 4, wherein said applying heat to the portion of the

first sheet comprises directing heated air onto the portion of the first sheet.

Claim 6. The method of Claim 4, wherein said applying heat to the portion of the

first sheet comprises applying a heating element to the dressing.

Claim 7. The method of Claim 4, further comprising:
positioning a second sheet adjacent to the first sheet;
wherein said melted portion of the first sheet bonds the first sheet to the second

sheet.

Claim 8. A method of fabricating a wound dressing, comprising: ‘
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positioning a first sheet adjacent to a second sheét, the second sheet comprising
a first layer and a second layer, wherein the first layer is moisture vapor permeable and
the second layer has a lower melting point than the first layer; and

bonding the first sheet to the second sheet by héating the second layer of the
second sheet to a temperature higher than the melting point of the second layer and
lower than the melting point of the first layer so as to melt a portion of the second layer

of the second sheet and bond the second layer of the second sheet to the first layer.

Claim 9. The method of Claim 8. wherein:

the first sheet, the first layer of the second sheet, and an unmelted. portion of the
second layer of the second sheet are moisture Vapor permeable; and

the melted portion of the second layer of the second sheet is less moisture vapor

permeable than the unmelted portion of the second layer.

Claim 10.. The method of Claim 8, wherein:

prior to positioning the first sheet adjacent to the second sheet, converting a
portion of the second layer of the second sheet to a film by heating a surface of the
secdnd layer of the second sheet to at least the melting point of the second layer of the

second sheet.

Claim 11. The method of Claim 8, wherein:
said heating the second layer of the second sheet comprises directing a heated

gas onto the second layer of the second sheet.

Claim 12.  The method of Claim 8, wherein:

said heating the second layer of the second sheet comprises applying a heating

element to either the first sheet or the second sheet.

~ Claim 13. A wound dressing comprising a wound facing surface and an exterior

surface opposite the wound facing surface, said wound dressing comprising:
a first layer having a moisture vapor permeable region and a reduced moisture

vapor permeable region;
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wherein said moisture vapor permeable region is made of a porous or fibrous

material, and said reduced moisture vapor permeable region is made of a film.

Claim 14. The wound dressing of Claim 13, wherein:
the moisture vapor permeable region and the reduced moisture vapor permeable

region comprise the same chemical substance.

Claim 15. The wound dressing of Claim 13, further comprising:
a second layer adjacent the first layer, said second layer having a higher melting

point than the first layer.

Claim 16. The wound dressing of Claim 13, further comprising:
a third layer provided between the first layer and the second layer, said third
layer having a higher melting point than the first layer and a larger average pore size

than the second layer.

Claim 17. The wound dressing of Claim 13, further comprising:
a second layer positioned adjacent to the first layer, said second layer

comprising a material insoluble in the first solvent.

Claim 18. The wound dressing of Claim 17, wherein:
the first layer comprises a first microfiber type and a second microfiber type,
said first microfiber type being soluble in the first solvent and the second microfiber

type being insoluble in the first solvent.
Claim 19.  The wound dressing of Claim 17, further comprising:
a third layer positioned adjacent to the first layer, said third layer comprising a

material insoluble in the first solvent.

Claim 20. The wound dressing of Claim 19, wherein:

the third layer comprises at least partially hydrophobic polymer microfibers.

Claim 21. The wound dressing of Claim 19, wherein:
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the first layer, the second layer, or the third layer includes a substance

enhancing wound healing.

Claim 22.  The wound dressing of Claim 19, wherein:
the first layer, the second layer, or the third layer includes a pharmacolo gical

substance.

Claim 23. The wound dressing of Claim 17, wherein:

the first layer comprises at least partially hydrophobic polymer microfibers.

Claim 24. The wound dressing of Claim 17, wherein:

the second layer comprises at least partially hydrophobic polymer microfibers.

Claim 25. The wound dressing ot Claim 17, wherein:
the first layer or the second layer has bacteriostatic, bactericidal, or antifungal

properties.

Claim 26. A dressing, comprising:

a first sheet, said first sheet being moisture vapor permeable; and

a second sheet comprising a first layer and a second layer, wherein the first
layer 1s moisture vapor permeable and the second layer has a lower melting point than
the first layer;

wherein the second layer of the first sheet 1s bonded to the second sheet.

Cléim 27. The dressing of Claim 26, wherein:
a portion of the second layer of the second sheet comprises a film which is less

moisture vapor permeable than the first sheet.

Claim 28. The dressing of Claim 26, wherein:
a lateral dimension of the second sheet is larger than a lateral dimension of the

first sheet.

Claim 29. The dressing of Claim 26, wherein:
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the first sheet comprises a first layer and a second layer, wherein the second
layer of the first sheet has a lower melting point than the first layer of the first sheet and

1s bonded to the second layer of the second sheet.

Claim 30. The dressing of Claim 29, further comprising:

a third sheet comprising a first layer and a second layer, wherein the second
layer of the third sheet has a lower melting point than the ﬁrSt"layer of the third sheet
and 1s bonded to the first layer of the first sheet. ‘ |

Claim 31. The dressing of Claim 30, wherein:
a lateral dimension of the third sheet is larger than 2 lateral dimension of the

first sheet.

Claim 32. The dressing of Claim 30, wherein:
“a lateral dimension of the second sheet is larger than a lateral dimension of the

first sheet and a lateral dimension of the third sheet.
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SUBOMTITUTE SHEET (RULE 26)
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