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(57) Abstract: An apparatus for use in monitoring or treating a wound is disclosed. The apparatus can include a wound dressing, a

circuit board, and a sensor. The wound dressing can be positioned over a wound of a patient and absotb wound exudate from the wound.
The circuit board can be incorporated in or coupled to the wound dressing and include a first conductive pathway extending around
at least part of a perimeter of a first side of the circuit board. The first conductive pathway can be electrically coupled to an electrical
ground for the circuit board. The sensor can be mounted on the circuit board and output a signal usable to determine a value indicative
of a physiological parameter of the patient. The first conductive pathway can protect the sensor against an electrostatic discharge.
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ELECTROSTATIC DISCHARGE PROTECTION FOR SENSORS IN WOUND
THERAPY

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application No. 62/556,450,
filed September 10, 2017, and U.K. Provisional Application No. 1804971.8, filed March 28,

2018; the disclosures of which are hereby incorporated by reference in their entirety.

BACKGROUND
Field
Embodiments of the present disclosure relate to apparatuses, systems, and methods for
the treatment of wounds, for example using dressings in combination with negative pressure
wound therapy or non-negative pressure wound therapy.

Description of the Related Art

Many different types of wound dressings are known for aiding in the healing process
of a human or animal. These different types of wound dressings include many different types
of materials and layers, for example, gauze, pads, foam pads or multi-layer wound dressings.
Topical negative pressure therapy, sometimes referred to as vacuum assisted closure, negative
pressure wound therapy, or reduced pressure wound therapy, is widely recognized as a
beneficial mechanism for improving the healing rate of a wound. Such therapy is applicable to

a broad range of wounds such as incisional wounds, open wounds and abdominal wounds or

the like.

SUMMARY
In some embodiments, an apparatus is disclosed for use in monitoring or treating a
wound. The apparatus can include a wound dressing, a circuit board, and a sensor. The
wound dressing can be positioned over a wound of a patient and absorb wound exudate from
the wound. The circuit board can be incorporated in or coupled to the wound dressing and
include a first conductive pathway extending around at least part of a perimeter of a first side
of the circuit board. The first conductive pathway can be electrically coupled to an electrical

ground for the circuit board. The sensor can be mounted on the circuit board and output a
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signal usable to determine a value indicative of a physiological parameter of the patient. The
first conductive pathway can protect the sensor against an electrostatic discharge.

The apparatus of the preceding paragraph can include one or more of the following
features: The circuit board can be a flexible printed circuit board. The circuit board can be
stretchable. The circuit board can include conductive tracks on an elastomer substrate and a
conformal coating on the elastomer substrate. The circuit board can include a second
conductive pathway extending around at least part of a perimeter of a second side of the
circuit board opposite the first side, and the second conductive pathway can be electrically
coupled to the clectrical ground and configured to protect the sensor against the clectrostatic
discharge. The apparatus can further include multiple vias electrically connecting the first
conductive pathway and the second conductive pathway through the circuit board. The first
conductive pathway can extend around at least half of the perimeter of the first side. The first
conductive pathway can extend around at least 75% of the perimeter of the first side. The
sensor can continue to output the signal subsequent to the wound dressing being exposed to a
defibrillation shock. The circuit board can be incorporated in a wound contact layer of the
wound dressing. The sensor can include one or more of a temperature sensor, an impedance
sensor, an optical sensor, or a SpO, sensor. The apparatus can further include a controller
configured to receive the signal, determine the value, and output the value for presentation.
The controller may not be mounted on the circuit board.

In some embodiments, a method is disclosed for manufacturing an apparatus for use in
monitoring or treating a wound. The method can include: mounting a sensor on a substrate
and in electrical communication with conductive tracks on the substrate; applying a conformal
coating to the substrate; perforating the substrate; adding a first conductive pathway
extending around at least part of a perimeter of a first side of the substrate; clectrically
connecting the first conductive pathway to an electrical ground for the sensor; and
incorporating the substrate into a wound dressing or coupling the substrate to the wound
dressing.

The method of the preceding paragraph can include one or more of the following
features: The sensor can output a signal usable to determine a value indicative of a
physiological parameter of a patient when the sensor is positioned proximate to the patient.

The adding can include dipping or overmolding the first conductive pathway on the substrate.
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The substrate can include thermoplastic polyurcthane. The applying can include applying the
conformal coating to the first side and a second side of the substrate opposite the first side.
The method can further include: adding a second conductive pathway extending around at
least part of a perimeter of a second side of the substrate opposite the first side; and
electrically connecting the second conductive pathway to the electrical ground. The method
can further include electrically connecting the first conductive pathway to the second
conductive pathway through the substrate. The method can further include clectrically
connecting the first conductive pathway to the second conductive pathway around an edge of

the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present disclosure will now be described hereinafter, by way of
example only, with reference to the accompanying drawings in which:

FIG. 1 illustrates a wound treatment system according to some embodiments;

FIG. 2 illustrates a wound dressing and a fluidic connector according to some
embodiments;

FIG. 3A illustrates a sensor array that may be incorporated into a wound dressing
according to some embodiments;

FIG. 3B illustrates a sensor portion of a sensor array according to some embodiments;

FIG. 3C illustrates a control module according to some embodiments;

FIGS. 4A-4H illustrate a process for constructing a sensor array according to some
embodiments;

FIG. 5 illustrates a top view of an edge area of a circuit board according to some
embodiments;

FIGS. 6A-6C illustrate sensor arrays that include edge planes for protecting against
clectrostatic discharge according to some embodiments; and

FIG. 7 illustrates a method for protecting a sensor from electrical discharge according

to some embodiments.
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DETAILED DESCRIPTION

Embodiments disclosed herein relate to apparatuses and methods of treating a wound
with or without reduced pressure, including for example a source of negative pressure and
wound dressing components and apparatuses. The apparatuses and components comprising
the wound overlay and packing materials or internal layers, if any, are sometimes collectively
referred to herein as wound dressings. In some embodiments, the wound dressing can be
provided to be utilized without reduced pressure.

Some embodiments disclosed herein relate to wound therapy for a human or animal
body. Therefore, any reference to a wound herein can refer to a wound on a human or animal
body, and any reference to a body herein can refer to a human or animal body.

The disclosed embodiments may relate to preventing or minimizing damage to
physiological tissue or living tissue, or to the treatment of damaged tissue (for example, a
wound as described herein).

As used herein the expression “wound” may include an injury to living tissue may be
caused by a cut, blow, or other impact, typically one in which the skin is cut or broken. A
wound may be a chronic or acute injury. Acute wounds occur as a result of surgery or
trauma. They move through the stages of healing within a predicted timeframe. Chronic
wounds typically begin as acute wounds. The acute wound can become a chronic wound
when it does not follow the healing stages resulting in a lengthened recovery. It is believed
that the transition from acute to chronic wound can be due to a patient being immuno-
compromised.

Chronic wounds may include for example: venous ulcers (such as those that occur in
the legs), which account for the majority of chronic wounds and mostly affect the elderly,
diabetic ulcers (for example, foot or ankle ulcers), peripheral arterial disease, pressure ulcers,
or epidermolysis bullosa (EB).

Examples of other wounds include, but are not limited to, abdominal wounds or other
large or incisional wounds, cither as a result of surgery, trauma, sterniotomies, fasciotomics,
or other conditions, dehisced wounds, acute wounds, chronic wounds, subacute and dehisced
wounds, traumatic wounds, flaps and skin grafts, lacerations, abrasions, contusions, bums,

diabetic ulcers, pressure ulcers, stoma, surgical wounds, trauma, and venous ulcers or the like.
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Wounds may also include a deep tissue injury. Deep tissue injury is a term proposed
by the National Pressure Ulcer Advisory Pancl (NPUAP) to describe a unique form of
pressure ulcers. These ulcers have been described by clinicians for many years with terms such
as purple pressure ulcers, ulcers that are likely to deteriorate and bruises on bony
prominences.

Wound may also include tissue at risk of becoming a wound as discussed herein. For
example, tissue at risk may include tissue over a bony protuberance (at risk of deep tissue
injury/insult) or pre-surgical tissue (for example, knee tissue) that may has the potential to be
cut (for example, for joint replacement/surgical alteration/reconstruction).

Some embodiments relate to methods of treating a wound with the technology
disclosed herein in conjunction with one or more of the following: advanced footwear, turning
a patient, offloading (such as, offloading diabetic foot ulcers), treatment of infection, systemix,
antimicrobial, antibiotics, surgery, removal of tissue, affecting blood flow, physiotherapy,
exercise, bathing, nutrition, hydration, nerve stimulation, ultrasound, eclectrostimulation,
oxygen therapy, microwave therapy, active agents ozone, antibiotics, antimicrobials, or the
like.

Alternatively or additionally, a wound may be treated using topical negative pressure
(“TNP”) or traditional advanced wound care, which is not aided by the using of applied
negative pressure (may also be referred to as non-negative pressure therapy).

Advanced wound care may include use of an absorbent dressing, an occlusive
dressing, use of an antimicrobial or debriding agents in a wound dressing or adjunct, a pad
(for example, a cushioning or compressive therapy, such as stockings or bandages), or the
like.

In some embodiments, treatment of such wounds can be performed using traditional
wound care, wherein a dressing can be applied to the wound to facilitate and promote healing
of the wound.

Some embodiments relate to methods of manufacturing a wound dressing comprising
providing a wound dressing as disclosed herein.

The wound dressings that may be utilized in conjunction with the disclosed technology
include any known dressing in the art. The technology is applicable to negative pressure

therapy treatment as well as non-negative pressure therapy treatment.
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In some embodiments, a wound dressing comprises one or more absorbent layer(s).
The absorbent layer may be a foam or a superabsorbent.

In some embodiments, wound dressings may comprise a dressing layer including a
polysaccharide or modified polysaccharide, a polyvinylpyrrolidone, a polyvinyl alcohol, a
polyvinyl ether, a polyurethane, a polyacrylate, a polyacrylamide, collagen, or gelatin or
mixtures thereof. Dressing layers comprising the polymers listed are known in the art as being
useful for forming a wound dressing layer for either negative pressure therapy or non-negative
pressure therapy.

In some embodiments, the polymer matrix may be a polysaccharide or modified
polysaccharide.

In some embodiments, the polymer matrix may be a cellulose. Cellulose material may
include hydrophilically modified cellulose such as methyl cellulose, carboxymethyl cellulose
(CMC), carboxymethyl cellulose (CEC), cthyl cellulose, propyl cellulose, hydroxyethyl
cellulose, hydroxypropyl cellulose, hydroxypropylmethyl cellulose, carboxyethyl sulphonate
cellulose, cellulose alkyl sulphonate, or mixtures thereof.

In certain embodiments, cellulose material may be cellulose alkyl sulphonate. The
alkyl moiety of the alkyl sulphonate substituent group may have an alkyl group having 1 to 6
carbon atoms, such as methyl, ethyl, propyl, or butyl. The alkyl moicty may be branched or
unbranched, and hence suitable propyl sulphonate substituents may be 1- or 2-methyl-
cthylsulphonate. Butyl sulphonate substituents may be 2-ethyl-ethylsulphonate, 2,2-dimethyl-
cthylsulphonate, or 1,2-dimethyl-cthylsulphonate. The alkyl sulphonate substituent group may
be cthyl sulphonate.  The cellulose alkyl sulphonate is described in WO10061225,
US2016/114074, US2006/0142560, or US 5,703,225, the disclosures of which are hereby
incorporated by reference in their entirety.

Cellulose alkyl sulfonates may have varying degrees of substitution, the chain length of
the cellulose backbone structure, and the structure of the alkyl sulfonate substituent. Solubility
and absorbency are largely dependent on the degree of substitution: as the degree of
substitution is increased, the cellulose alkyl sulfonate becomes increasingly soluble. It follows
that, as solubility increases, absorbency increases.

In some embodiments, a wound dressing also comprises a top or cover layer.
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The thickness of the wound dressing disclosed herein may be between 1 to 20, or 2 to

10, or 3 to 7 mm.

Non-Negative Pressure Wound Dressing

In some embodiments, the disclosed technology may be used in conjunction with a
non-negative pressure dressing. A non-negative pressure wound dressing suitable for
providing protection at a wound site may comprise an absorbent layer for absorbing wound
exudate and an obscuring clement for at least partially obscuring a view of wound exudate
absorbed by the absorbent layer in use.

The obscuring element may be partially translucent.

The obscuring element may be a masking layer.

The non-negative pressure wound dressing may further comprise a region in or
adjacent the obscuring element for allowing viewing of the absorbent layer. For example, the
obscuring clement layer may be provided over a central region of the absorbent layer and not
over a border region of the absorbent layer. In some embodiments, the obscuring element is of
hydrophilic material or is coated with a hydrophilic material.

The obscuring clement may comprise a three-dimensional knitted spacer fabric. The
spacer fabric is known in the art and may include a knitted spacer fabric layer.

The obscuring clement may further comprise an indicator for indicating the need to
change the dressing.

In some embodiments, the obscuring clement is provided as a layer at least partially
over the absorbent layer, further from a wound site than the absorbent layer in use.

The non-negative pressure wound dressing may further comprise a plurality of
openings in the obscuring element for allowing fluid to move therethrough. The obscuring
element may comprise, or may be coated with, a material having size-exclusion properties for
selectively permitting or preventing passage of molecules of a predetermined size or weight.

The obscuring element may be configured to at least partially mask light radiation
having wavelength of 600 nm and less.

The obscuring element may be configured to reduce light absorption by 50% or more.
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The obscuring element may be configured to yield a CIE L* value of 50 or more, and
optionally 70 or more. In some embodiments, the obscuring element may be configured to
yield a CIE L* value of 70 or more.

In some embodiments, the non-negative pressure wound dressing may further
comprise at least one of a wound contact layer, a foam layer, an odor control clement, a
pressure-resistant layer and a cover layer.

In some embodiments, the cover layer is present, and the cover layer is a translucent
film. Typically, the translucent film has a moisture vapour permeability of 500g/m*/24hours or
more.

The translucent film may be a bacterial barrier.

In some embodiments, the non-negative pressure wound dressing as disclosed herein
comprises the wound contact layer and the absorbent layer overlies the wound contact layer.
The wound contact layer carries an adhesive portion for forming a substantially fluid tight seal
over the wound site.

The non-negative pressure wound dressing as disclosed herein may comprise the
obscuring element and the absorbent layer being provided as a single layer.

In some embodiments, the non-negative pressure wound dressing disclosed herein
comprises the foam layer, and the obscuring clement is of a material comprising components
that may be displaced or broken by movement of the obscuring element.

In some embodiments, the non-negative pressure wound dressing comprises an odor
control element, and in another embodiment the dressing does not include an odor control
clement. When present, the odor control element may be dispersed within or adjacent the
absorbent layer or the obscuring element. Alternatively, when present the odor control
clement may be provided as a layer sandwiched between the foam layer and the absorbent
layer.

In some embodiments, the disclosed technology for a non-negative pressure wound
dressing comprises a method of manufacturing a wound dressing, comprising: providing an
absorbent layer for absorbing wound exudate; and providing an obscuring element for at least
partially obscuring a view of wound exudate absorbed by the absorbent layer in use.

In some embodiments, the non-negative pressure wound dressing is may be suitable

for providing protection at a wound site, comprising: an absorbent layer for absorbing wound
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exudate; and a shielding layer provided over the absorbent layer, and further from a wound-
facing side of the wound dressing than the absorbent layer. The shielding layer may be
provided directly over the absorbent layer. In some embodiments, the shielding layer
comprises a three-dimensional spacer fabric layer.

The shielding layer increases the area over which a pressure applied to the dressing is
transferred by 25% or more or the initial arca of application. For example the shiclding layer
increases the arca over which a pressure applied to the dressing is transferred by 50% or
more, and optionally by 100% or more, and optionally by 200% or more.

The shielding layer may comprise 2 or more sub-layers, wherein a first sub-layer
comprises through holes and a further sub-layer comprises through holes and the through
holes of the first sub-layer are offset from the through holes of the further sub-layer.

The non-negative pressure wound dressing as disclosed herein may further comprise a
permeable cover layer for allowing the transmission of gas and vapour therethrough, the cover
layer provided over the shielding layer, wherein through holes of the cover layer are offset
from through holes of the shiclding layer.

The non-negative pressure wound dressing may be suitable for treatment of pressure
ulcers.

A more detailed description of the non-negative pressure dressing disclosed
hereinabove is provided in WO2013007973, the entirety of which is hereby incorporated by
reference.

In some embodiments, the non-negative pressure wound dressing may be a multi-
layered wound dressing comprising: a fibrous absorbent layer for absorbing exudate from a
wound site; and a support layer configured to reduce shrinkage of at least a portion of the
wound dressing.

In some embodiments, the multi-layered wound dressing disclosed herein, further
comprises a liquid impermeable film layer, wherein the support layer is located between the
absorbent layer and the film layer.

The support layer disclosed herein may comprise a net. The net may comprise a
geometric structure having a plurality of substantially geometric apertures extending

therethrough. The geometric structure may for example comprise a plurality of bosses



10

15

20

25

WO 2019/048626 PCT/EP2018/074180

substantially evenly spaced and joined by polymer strands to form the substantially geometric
apertures between the polymer strands.

The net may be formed from high density polyethylene.

The apertures may have an area from 0.005 to 0.32 mm’.

The support layer may have a tensile strength from 0.05 to 0.06 Nm.

The support layer may have a thickness of from 50 to 150 um.

In some embodiments, the support layer is located directly adjacent the absorbent
layer. Typically, the support layer is bonded to fibers in a top surface of the absorbent layer.
The support layer may further comprise a bonding layer, wherein the support layer is heat
laminated to the fibers in the absorbent layer via the bonding layer. The bonding layer may
comprise a low melting point adhesive such as ethylene-vinyl acetate adhesive.

In some embodiments, the multi-layered wound dressing disclosed herein further
comprises an adhesive layer attaching the film layer to the support layer.

In some embodiments, the multi-layered wound dressing disclosed herein further
comprises a wound contact layer located adjacent the absorbent layer for positioning adjacent
a wound. The multi-layered wound dressing may further comprise a fluid transport layer
between the wound contact layer and the absorbent layer for transporting exudate away from
a wound into the absorbent layer.

A more detailed description of the multi-layered wound dressing disclosed hereinabove
is provided in GB patent application filed on 28 October 2016 with application number
GB1618298.2, the entirety of which is hereby incorporated by reference.

In some embodiments, the disclosed technology may be incorporated in a wound
dressing comprising a vertically lapped material comprising: a first layer of an absorbing layer
of material, and a second layer of material, wherein the first layer being constructed from at
least one layer of non-woven textile fibers, the non-woven textile fibers being folded into a
plurality of folds to form a pleated structure. In some embodiments, the wound dressing
further comprises a second layer of material that is temporarily or permanently connected to
the first layer of material.

Typically the vertically lapped material has been slitted.

-10-
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In some embodiments, the first layer has a pleated structure having a depth determined
by the depth of pleats or by the slitting width. The first layer of material may be a moldable,
lightweight, fiber-based material, blend of material or composition layer.

The first layer of material may comprise one or more of manufactured fibers from
synthetic, natural or inorganic polymers, natural fibers of a cellulosic, proteinaceous or mineral
source.

The wound dressing may comprise two or more layers of the absorbing layer of
material vertically lapped material stacked one on top of the other, wherein the two or more
layers have the same or different densities or composition.

The wound dressing may in some embodiments, comprise only one layer of the
absorbing layer of material vertically lapped material.

The absorbing layer of material is a blend of natural or synthetic, organic or inorganic
fibers, and binder fibers, or bicomponent fibers typically PET with a low melt temperature
PET coating to soften at specified temperatures and to act as a bonding agent in the overall
blend.

In some embodiments, the absorbing layer of material may be a blend of 5 to 95 %
thermoplastic polymer, and 5 to 95 wt % of a cellulose or derivative thereof.

In some embodiments, the wound dressing disclosed herein has a second layer
comprises a foam or a dressing fixative.

The foam may be a polyurethane foam. The polyurethane foam may have an open or
closed pore structure.

The dressing fixative may include bandages, tape, gauze, or backing layer.

In some embodiments, the wound dressing as disclosed herein comprises the absorbing
layer of material connected directly to a second layer by lamination or by an adhesive, and the
second layer is connected to a dressing fixative layer. The adhesive may be an acrylic
adhesive, or a silicone adhesive.

In some embodiments, the wound dressing as disclosed herein further comprises layer
of a superabsorbent fiber, or a viscose fiber or a polyester fiber.

In some embodiments, the wound dressing as disclosed herein further comprises a
backing layer. The backing layer may be a transparent or opaque film. Typically the backing
layer comprises a polyurethane film (typically a transparent polyurethane film).

-11-
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A more detailed description of the multi-layered wound dressing disclosed hereinabove
is provided in GB patent applications filed on 12 December 2016 with application number
GB1621057.7; and 22 June 2017 with application number GB1709987.0, the entirety of each
of which is hereby incorporated by reference.

In some embodiments, the non-negative pressure wound dressing may comprise an
absorbent component for a wound dressing, the component comprising a wound contacting
layer comprising gel forming fibers bound to a foam layer, wherein the foam layer is bound
directly to the wound contact layer by an adhesive, polymer based melt layer, by flame
lamination or by ultrasound.

The absorbent component may be in a sheet form.

The wound contacting layer may comprise a layer of woven or non-woven or knitted
gel forming fibers.

The foam layer may be an open cell foam, or closed cell foam, typically an open cell
foam. The foam layer is a hydrophilic foam.

The wound dressing may comprise the component that forms an island in direct
contact with the wound surrounded by periphery of adhesive that adheres the dressing to the
wound. The adhesive may be a silicone or acrylic adhesive, typically a silicone adhesive.

The wound dressing may be covered by a film layer on the surface of the dressing
furthest from the wound.

A more detailed description of the wound dressing of this type hereinabove is provided
in EP2498829, the entirety of which is hereby incorporated by reference.

In some embodiments, the non-negative pressure wound dressing may comprise a
multi layered wound dressing for use on wounds producing high levels of exudate,
characterized in that the dressing comprising: a transmission layer having an MVTR of at least
300 gm’/24 hours, an absorbent core comprising gel forming fibers capable of absorbing and
retaining exudate, a wound contacting layer comprising gel forming fibers which transmits
exudate to the absorbent core and a keying layer positioned on the absorbent core, the
absorbent core and wound contacting layer limiting the lateral spread of exudate in the
dressing to the region of the wound.

The wound dressing may be capable of handling at least 6g (or 8g and 15g) of fluid

per 10cm’” of dressing in 24 hours.
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The wound dressing may comprise gel forming fibers that are chemically modified
cellulosic fibers in the form of a fabric. The fibers may include carboxymethylated cellulose
fibers, typically sodium carboxymethylcellulose fiber.

The wound dressing may comprise a wound contact layer with a lateral wicking rate
from Smm per minute to 40mm per minute. The wound contact layer may have a fiber density
between 25gm” and 55gm™ such as 35gm’.

The absorbent core may have an absorbency of exudate of at least 10g/g, and typically
a rate of lateral wicking of less the 20mm per minute.

The absorbent core may have a blend in the range of up to 25% cellulosic fibers by
weight and 75% to 100% gel forming fibers by weight.

Alternatively, the absorbent core may have a blend in the range of up to 50% cellulosic
fibers by weight and 50% to 100% gel forming fibers by weight. For example the blend is in
the range of 50% cellulosic fibers by weight and 50% gel forming fibers by weight.

The fiber density in the absorbent core may be between 150gm” and 250gm’, or about
200 gm’.

The wound dressing when wet may have shrinkage that is less than 25 % or less than
15 % of its original size/dimension.

The wound dressing may comprise a transmission layer and the layer is a foam. The
transmission layer may be a polyurethane foam laminated to a polyurethane film.

The wound dressing may comprise one or more layers selected from the group
comprising a soluble medicated film layer; an odor-absorbing layer; a spreading layer and an
additional adhesive layer.

The wound dressing may be 2mm and 4mm thick.

The wound dressing may be characterized in that the keying layer bonds the absorbent
core to a neighboring layer. In some embodiments, the keying layer may be positioned on
either the wound facing side of the absorbent core or the non-wound facing side of the
absorbent core. In some embodiments, the keying layer is positioned between the absorbent
core and the wound contact layer. The keying layer is a polyamide web.

A more detailed description of the wound dressing of this type hereinabove is provided

in EP1718257, the entirety of which is hereby incorporated by reference.
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In some embodiments, the non-negative pressure wound dressing may be a
compression bandage. Compression bandages are known for use in the treatment of oedema
and other venous and lymphatic disorders, e.g., of the lower limbs.

A compression bandage systems typically employ multiple layers including a padding
layer between the skin and the compression layer or layers. The compression bandage may be
useful for wounds such as handling venous leg ulcers.

The compression bandage in some embodiments may comprise a bandage system
comprising an inner skin facing layer and an elastic outer layer, the inner layer comprising a
first ply of foam and a second ply of an absorbent nonwoven web, the inner layer and outer
layer being sufficiently elongated so as to be capable of being wound about a patient's limb. A
compression bandage of this type is disclosed in W099/58090, the entirety of which is hereby
incorporated by reference.

In some embodiments, the compression bandage system comprises: a) an inner skin
facing, elongated, clastic bandage comprising: (i) an elongated, elastic substrate, and
(ii) an elongated layer of foam, said foam layer being affixed to a face of said substrate and
extending 33% or more across said face of substrate in transverse direction and 67% or more
across said face of substrate in longitudinal direction; and b) an outer, elongated, sclf-adhering
clastic bandage; said bandage having a compressive force when extended; wherein, in use, said
foam layer of the inner bandage faces the skin and the outer bandage overlies the inner
bandage. A compression bandage of this type is disclosed in WO2006/110527, the entirety of
which is hereby incorporated by reference.

In some embodiments, other compression bandage systems such as those disclosed in
US 6,759,566 and US 2002/0099318, the entirety of each of which is hereby incorporated by

reference.

Negative Pressure Wound Dressing

Treatment of wounds can be performed using negative pressure wound therapy,
wherein a reduced or negative pressure can be applied to the wound to facilitate and promote
healing of the wound. The wound dressing and methods as disclosed herein may be applied to
other parts of the body, and are not necessarily limited to monitoring, prevention, and

treatment of wounds.
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It will be understood that embodiments of the present disclosure are generally
applicable to use in TNP therapy systems. Briefly, negative pressure wound therapy assists in
the closure and healing of many forms of "hard to heal" wounds by reducing tissue oedema;
encouraging blood flow and granular tissue formation; removing excess exudate and may
reduce bacterial load (and thus infection risk). In addition, the therapy allows for less
disturbance of a wound leading to more rapid healing. TNP therapy systems may also assist
on the healing of surgically closed wounds by removing fluid and by helping to stabilize the
tissue in the apposed position of closure. A further beneficial use of TNP therapy can be
found in grafts and flaps where removal of excess fluid is important and close proximity of the
graft to tissue is required in order to ensure tissue viability.

As is used herein, reduced or negative pressure levels, such as -X mmHg, represent
pressure levels relative to normal ambient atmospheric pressure, which can correspond to 760
mmHg (or | atm, 29.93 inHg, 101.325 kPa, 14.696 psi, ctc.). Accordingly, a negative
pressure value of -X mmHg reflects absolute pressure that is X mmHg below 760 mmHg or,
in other words, an absolute pressure of (760-X) mmHg. In addition, negative pressure that is
"less" or "smaller" than X mmHg corresponds to pressure that is closer to atmospheric
pressure (such as,-40 mmHg is less than -60 mmHg). Negative pressure that is "more" or
"greater” than -X mmHg corresponds to pressure that is further from atmospheric pressure
(such as, -80 mmHg is more than -60 mmHg). In some embodiments, local ambient
atmospheric pressure is used as a reference point, and such local atmospheric pressure may
not necessarily be, for example, 760 mmHg.

The negative pressure range for some embodiments of the present disclosure can be
approximately -80 mmHg, or between about -20 mmHg and -200 mmHg or more. Note that
these pressures are relative to normal ambient atmospheric pressure, which can be 760 mmHg.
Thus, -200 mmHg would be about 560 mmHg in practical terms. In some embodiments, the
pressure range can be between about -40 mmHg and -150 mmHg. Alternatively a pressure
range of up to -75 mmHg, up to -80 mmHg or over -80 mmHg can be used. Also in other
embodiments a pressure range of below -75 mmHg can be used. Alternatively, a pressure
range of over approximately -100 mmHg, or even -150 mmHg, can be supplied by the

negative pressure apparatus.
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In some embodiments of wound closure devices described herein, increased wound
contraction can lead to increased tissue expansion in the surrounding wound tissue. This
effect may be increased by varying the force applied to the tissue, for example by varying the
negative pressure applied to the wound over time, possibly in conjunction with increased
tensile forces applied to the wound via embodiments of the wound closure devices. Negative
pressure may be varied over time for example using a sinusoidal wave, square wave, or in
synchronization with one or more patient physiological indices (such as, heartbeat). Examples
of such applications where additional disclosure relating to the preceding may be found
include U.S. Patent No. 8,235,955, titled "Wound treatment apparatus and method," issued
on August 7, 2012; and U.S. Patent No. 7,753,894, titled "Wound cleansing apparatus with
stress," issued July 13, 2010. The disclosures of both of these patents are hereby incorporated
by reference in their entirety.

Embodiments of the wound dressings, wound dressing components, wound treatment
apparatuses and methods described herein may also be used in combination or in addition to
those described in International Application No. PCT/IB2013/001469, filed May 22, 2013,
published as WO 2013/175306 on November 28, 2013, titled "APPARATUSES AND
METHODS FOR NEGATIVE PRESSURE WOUND THERAPY," U.S. Patent Application
No. 14/418,908, filed January 30, 2015, published as US 2015/0190286 Al on July 9, 2015,
titled "WOUND DRESSING AND METHOD OF TREATMENT," the disclosures of which
are hereby incorporated by reference in their entireties. Embodiments of the wound dressings,
wound dressing components, wound treatment apparatuses and methods described herein may
also be used in combination or in addition to those described in U.S. Patent Application No.
13/092,042, filed April 21, 2011, published as US2011/0282309, titled "WOUND
DRESSING AND METHOD OF USE," and U.S. Patent Application No. 14/715,527, filed
May 18, 2015, published as US2016/0339158 Al on November 24, 2016, titled “FLUIDIC
CONNECTOR FOR NEGATIVE PRESSURE WOUND THERAPY,” the disclosure of cach
of which are hereby incorporated by reference in its entirety, including further details relating
to embodiments of wound dressings, the wound dressing components and principles, and the
materials used for the wound dressings.

Additionally, some embodiments related to TNP wound treatment comprising a

wound dressing in combination with a pump or associated clectronics described herein may
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also be used in combination or in addition to those described in International Application
PCT/EP2016/059329 filed April 26, 2016, published as WO 2016/174048 on November 3,
2016, entitled “REDUCED PRESSURE APPARATUS AND METHODS?”, the disclosure of

which is hereby incorporated by reference in its entirety.

Wound Therapy System Overview

Systems for performing wound therapy, such as TNP therapy, can include one or more
features that improve the tolerance of the systems to environmental conditions, such as
clectromagnetic radiation or clectrostatic discharge (ESD). The improved tolerance of the
systems can, for example, enable the systems to function despite non-ideal environmental
conditions or function more safely in the presence of certain environmental conditions.

FIG. 1 illustrates an embodiment of a negative or reduced pressure wound treatment
(or TNP) system 100 comprising a wound filler 130 placed inside a wound cavity 110, the
wound cavity secaled by a wound cover 120. The wound filler 130 in combination with the
wound cover 120 can be referred to as wound dressing. A single or multi lumen tube or
conduit 140 is connected the wound cover 120 with a pump assembly 150 configured to
supply reduced pressure. The wound cover 120 can be in fluidic communication with the
wound cavity 110. In any of the system embodiments disclosed herein, as in the embodiment
illustrated in FIG. 1, the pump assembly can be a canisterless pump assembly (meaning that
exudate is collected in the wound dressing or is transferred via tube 140 for collection to
another location). However, any of the pump assembly embodiments disclosed herein can be
configured to include or support a canister. Additionally, in any of the system embodiments
disclosed herein, any of the pump assembly embodiments can be mounted to or supported by
the dressing, or adjacent to the dressing.

The wound filler 130 can be any suitable type, such as hydrophilic or hydrophobic
foam, gauze, inflatable bag, and so on. The wound filler 130 can be conformable to the
wound cavity 110 such that it substantially fills the cavity. The wound cover 120 can provide
a substantially fluid impermeable seal over the wound cavity 110. The wound cover 120 can
have a top side and a bottom side, and the bottom side adhesively (or in any other suitable

manner) scals with wound cavity 110. The conduit 140 or lumen or any other conduit or
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lumen disclosed herein can be formed from polyurethane, PVC, nylon, polyethylene, silicone,
or any other suitable material.

Some embodiments of the wound cover 120 can have a port (not shown) configured
to receive an end of the conduit 140. For example, the port can be Renays Soft Port available
from Smith & Nephew. In other embodiments, the conduit 140 can otherwise pass through or
under the wound cover 120 to supply reduced pressure to the wound cavity 110 so as to
maintain a desired level of reduced pressure in the wound cavity. The conduit 140 can be any
suitable article configured to provide at least a substantially sealed fluid flow pathway between
the pump assembly 150 and the wound cover 120, so as to supply the reduced pressure
provided by the pump assembly 150 to wound cavity 110.

The wound cover 120 and the wound filler 130 can be provided as a single article or
an integrated single unit. In some embodiments, no wound filler is provided and the wound
cover 120 by itself may be considered the wound dressing. The wound dressing may then be
connected, via the conduit 140, to a source of negative pressure, such as the pump assembly
150. The pump assembly 150 can be miniaturized and portable, although larger conventional
pumps such can also be used.

The wound cover 120 can be located over a wound site to be treated. The wound
cover 120 can form a substantially sealed cavity or enclosure over the wound site. In some
embodiments, the wound cover 120 can be configured to have a film having a high water
vapour permeability to enable the evaporation of surplus fluid, and can have a superabsorbing
material contained therein to safely absorb wound exudate.

The pump assembly 150 can be configured to deliver negative pressure of
approximately -80 mmHg, or between about -20 mmHg and 200 mmHg in some
implementations. Note that these pressures are relative to normal ambient atmospheric
pressure thus, -200 mmHg would be about 560 mmHg in practical terms. The pressure range
can be between about -40 mmHg and -150 mmHg. Alternatively a pressure range of up to -
75 mmHg, up to -80 mmHg or over -80 mmHg can be used. Also a pressure range of below -
75 mmHg can be used. Alternatively a pressure range of over approximately -100 mmHg, or
even 150 mmHg, can be supplied by the pump assembly 150.

In operation, the wound filler 130 is inserted into the wound cavity 110 and wound

cover 120 is placed so as to scal the wound cavity 110. The pump assembly 150 provides a
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source of a negative pressure to the wound cover 120, which is transmitted to the wound
cavity 110 via the wound filler 130. Fluid (such as, wound exudate) is drawn through the
conduit 140, and can be stored in a canister. In some embodiments, fluid is absorbed by the
wound filler 130 or one or more absorbent layers (not shown).

It will be appreciated that throughout this disclosure reference is made to a wound.
The term wound is to be broadly construed and encompasses open and closed wounds in
which skin is torn, cut or punctured or where trauma causes a contusion, or any other surficial
or other conditions or imperfections on the skin of a patient or otherwise that benefit from
reduced pressure treatment. A wound is thus broadly defined as any damaged region of tissue
where fluid may or may not be produced. Examples of such wounds include, but are not
limited to, acute wounds, chronic wounds, surgical incisions and other incisions, subacute and
dehisced wounds, traumatic wounds, flaps and skin grafts, lacerations, abrasions, contusions,
burns, diabetic ulcers, pressure ulcers, stoma, surgical wounds, trauma and venous ulcers or
the like. The components of the TNP system described herein can be particularly suited for

incisional wounds that exude a small amount of wound exudate.

Wound Dressing Overview

FIG. 2 illustrates a cross-section view of a wound dressing 200, which can be similar
to or the same as the wound cover 120 and the wound filler 130 of FIG. 1, with a fluidic
connector 204, which can be similar to or the same as the conduit 140 of FIG. 1. The wound
dressing 200 can include a top or cover layer, or backing layer 220 attached to a wound
contact layer 222, which can be joined or sealed together so as to define an interior space or
chamber. This interior space or chamber may comprise additional structures that may be
adapted to distribute or transmit negative pressure, store wound exudate and other fluids
removed from the wound, and other functions. Examples of such structures include a
transmission layer 226 and an absorbent layer 221 described herein. Moreover, one or more
sensors 250, which can be part of a sensor array, can be incorporated onto or into the wound
dressing 200, such as the wound contact layer 222 as illustrated.

As used herein the upper layer, top layer, or layer above refers to a layer farthest from
the surface of the skin or wound while the dressing is in use and positioned over the wound.

Accordingly, the lower surface, lower layer, bottom layer, or layer below refers to the layer
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that is closest to the surface of the skin or wound while the dressing is in use and positioned
over the wound.

The wound contact layer 222 can be a polyurethane layer or polyethylene layer or
other flexible layer which is perforated, for example via a hot pin process, laser ablation
process, ultrasound process or in some other way or otherwise made permeable to liquid and
gas. The wound contact layer 222 has a lower surface 224 (for example, facing the wound)
and an upper surface 223 (for example, facing away from the wound). The perforations 225
can comprise through holes in the wound contact layer 222 which enable fluid to flow through
the wound contact layer 222. The wound contact layer 222 helps prevent tissue ingrowth into
the other material of the wound dressing 200.

A porous layer 226 of porous material can be located above the wound contact layer
222. This porous layer, or transmission layer, 226 allows transmission of fluid including liquid
and gas away from a wound site into upper layers of the wound dressing 200. In particular,
the transmission layer 226 can ensure that an open air channel can be maintained to
communicate negative pressure over the wound area even when the absorbent layer has
absorbed substantial amounts of exudates.

A layer 221 of absorbent material is provided above the transmission layer 226. The
absorbent material, which comprise a foam or non-woven natural or synthetic material, and
which may optionally comprise a super-absorbent material, forms a reservoir for fluid,
particularly liquid, removed from the wound site. In some embodiments, the layer 221 may
also aid in drawing fluids towards the backing layer 220.

An aperture, hole, or orifice 227 is provided in the backing layer 220 to allow a
negative pressure to be applied to the wound dressing 200. The fluidic connector 204 can be
attached or sealed to the top of the backing layer 220 over the orifice 227 made into the
wound dressing 200, and communicates negative pressure through the orifice 227.

In some embodiments, the absorbent layer 221 includes at least one through hole 228
located so as to underlie the fluidic connector 204. The through hole 228 may be the same
size as the opening 227 in the backing layer, or may be bigger or smaller. The aperture or
through-hole 228 can be provided in the absorbent layer 221 beneath the orifice 227 such that
the orifice is connected directly to the transmission layer 226. This allows the negative

pressure applied to the fluidic connector 204 to be communicated to the transmission layer
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226 without passing through the absorbent layer 221. This ensures that the negative pressure
applied to the wound site is not inhibited by the absorbent layer as it absorbs wound exudates.
In other embodiments, no aperture may be provided in the absorbent layer 221, or
alternatively a plurality of apertures underlying the orifice 227 may be provided.

Turning now to the fluidic connector 204, some embodiments include a sealing surface
216, a bridge 211 with a proximal end 230 and a distal end 240, and a filter 214. The sealing
surface 216 can form the applicator previously described that is sealed to the top surface of
the wound dressing 200. A bottom layer of the fluidic connector 204 may include the sealing
surface 216. The fluidic connector 204 may further comprise an upper surface vertically
spaced from the scaling surface 216, which in some embodiments is defined by a separate
upper layer of the fluidic connector 204. In other embodiments the upper surface and the
lower surface may be formed from the same piece of material. In some embodiments the
scaling surface 216 may comprise at least one aperture 229 therein to communicate with the
wound dressing 200.

The bridge 211 may include a first fluid passage 212 in communication with a source
of negative pressure, the first fluid passage 212 comprising a porous material, such as a 3D
knitted material, which may be the same or different than the porous layer 226. The bridge
211 can be encapsulated by at least one flexible film layer 208, 210 having a proximal and
distal end and configured to surround the first fluid passage 212, the distal end of the flexible
film being connected the sealing surface 216. The filter 214 is configured to substantially

prevent wound exudate from entering the bridge

Sensor-Enabled Wound Dressings

A wound dressing, such as the wound dressing 200 of FIG. 2, can incorporate a
number of sensors or sensors, such as the one or more sensors 250 of FIG. 2, to monitor
characteristics of a wound as it heals. Collecting data from the wounds that heal well, and
from those that do not, can provide uscful insights towards identifying measurands to indicate
whether a wound is on a healing trajectory.

A number of sensor technologies can be used in wound dressings or one or more
components forming part of an overall wound dressing apparatus. For example, one or more

sensors can be incorporated onto or into a wound contact layer, such as the wound contact
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layer 222 of FIG. 2, that can be placed in contact with the wound and allow fluid to pass
through while causing little to no damage to the tissue in the wound. The sensor-integrated
wound contact layer can be made of a flexible material such as silicone and can incorporate
antimicrobials or other therapeutic agents. The sensor-integrated wound contact layer can
incorporate adhesives that adhere to wet or dry tissue. In yet other implementations, the one
or more sensors can additionally or alternatively be incorporated into or encapsulated within
other components of the wound dressing, such as the absorbent layer or spacer layer.

In some implementations, the one or more sensors can include sensors for monitoring
temperature (such as, 25 thermistor sensors, in a 5 x 5 array, ~20 mm pitch), pulse oximetry
or SpO2 (such as, 4 or 5 SpO2 sensors, in a single line from the center of the wound contact
layer to the edge thereof, 10 mm pitch), optical propertics of the tissue, exudate, or foreign
bodies (such as, 10 optical sensors, in 2 x 5 array, ~20mm pitch; not all 5 sensors in each row
of the array need be aligned), pH (such as, by measuring colour of a pH sensitive pad,
optionally using the same optical sensors as for tissue colour), and impedance (such as, 9
impedance contacts, in a 3 x 3 array, ~40mm pitch). Other sensors, such as pressure, flow,
strain, colorimetric sensors configured to measure biological or chemical compounds (for
example, dye coated colorimetric sensors) or the like, can be additionally or alternatively used.
Colorimetric sensors can be used for measure odor, toxicity, etc. Any one or more sensors
described herein can be placed or positioned to obtain measurements of any location in the
wound or the skin.

The sensors can be supported by or incorporated onto a flexible or substantially
flexible substrate, such as one or more of flexible or substantially flexible printed circuits
(FPCs) which can be formed from flexible polymers including polyamide, polyimide
(PI), polyester, polyethylene naphthalate (PEN), polyetherimide (PEI), polyurcthane,
thermoplastic polyurcthane (TPU), along with various fluropolymers (FEP) and copolymers,
or any other suitable material. Substantially flexible or flexible substrates can include single-
sided, double-sided, or multi-layer circuits. In some implementations, the sensor array can be
incorporated into a two-layer flexible circuit. In some embodiments, the FPC can be a multi-
layer flexible printed circuit. In some embodiments, these flexible printed circuits can be
incorporated into any layer of the wound dressing. In some embodiments, a flexible circuit

can be incorporated into (for example, positioned on or in) a wound contact layer. For
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example, the flexible circuit can be incorporated into a wound contact layer similar to the
wound contact layer described with reference to FIG. 2B and 2C. The wound contact layer
can have cutouts or slits that allow for one or more sensors to protrude out of the lower
surface of the wound contact layer and contact the wound area directly.

The sensor-integrated wound contact layer can include a first and second wound
contact layer with an FPC sandwiched between the two layers of wound contact layer
material. The first wound contact layer has a lower surface intended to be in contact with the
wound and an upper surface intended to be in contact with the FPC. The second wound
contact layer has a lower surface intended to be in contact with the FPC and an upper surface
intended to be in contact with a wound dressing or one or more components forming part of
an overall wound dressing apparatus. The upper surface of the first wound contact layer and
the lower surface of the second wound contact layer can be adhered together with the FPC
sandwiched between the two layers.

FIG. 3A illustrates a sensor array 300 including a sensor portion 301, a tail portion
302, and a connector pad end portion 303. The sensor portion 301 can include one or more
of a temperature sensor, impedance sensor, optical sensor, and SpO2 sensor, among other
possible sensors, as well as associated circuitry. The sensor array 300 can be a flexible sensor
array printed circuit. The tail portion 302 can extend from the sensor portion 301 to the
connector pad end portion 303. The tail portion 302 can allow the control module to be
placed distant from the wound, such as for example in a more convenient location away from
the wound. The connector pad end portion 303 can electrically or electronically connect to a
control module or other processing unit to receive the data from the sensor portion 301. The
sensor array 300 can be incorporated onto or into a wound dressing like the wound dressing
200 of FIG. 2, such as in the wound contact layer 222 of the wound dressing 200.

FIG. 3B illustrates the sensor portion 301 of the sensor array 300 of FIG. 3A
according to some embodiments. The sensor portion 301 can include a plurality of portions
that extend ecither around a perimeter of a wound dressing component such as a wound
contact layer, or inward from an outer edge of the wound dressing component. For example,
the embodiment illustrated in FIG. 3B includes a plurality of linearly extending portions that
may be parallel to edges of a wound dressing component, and in some embodiments, follow

the entire perimeter of the wound dressing component. In some embodiments, the sensor
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portion 301 may comprise a first plurality of parallel lincarly extending portions that are
perpendicular to a second plurality of parallel lincarly extending portions. These lincarly
extending portions may also have different lengths and may extend inward to different
locations within an interior of a wound dressing component. In some embodiments, the
sensor portion 301 does not cover the entire wound dressing component, so that gaps are
formed between portions of the sensor array 300.

As can be seen from FIG. 3B, one or more temperature sensors, impedance sensors
(or conductivity sensors), SpO2 sensors, or optical, ultraviolet (UV), infrared (IR), or other
type of visible or invisible light sensors can be used on the sensor array to provide information
relating to conditions of the wound. Optical, ultraviolet (UV), infrared (IR), or other type of
visible or invisible light or other electromagnetic spectrum sensors can provide spectral
measurement(s) of the wound. The one or more sensors can assist a clinician in monitoring
the healing of the wound and operate individually or in coordination with each other to
provide data relating to the wound and wound healing characteristics.

An impedance sensor can be, for example, used to determine the difference between
living and dead tissue or to show a change in impedance due to a wound being opened up in
morbid tissue. The impedance sensors can include Ag/AgCl electrodes and an impedance
analyzer. The impedance sensor can, for instance, be used to measure the change of
impedance of a region of wound growth by measuring the impedance of the surrounding
tissue/arca. The impedance sensor can be used in the wound bed or on the perimeter of the
wound or may be used to detect adherence failure of the dressing.

The sensor portion 301 can, in some implementations, utilize impedance sensors to
measure the change in impedance on perimeter electrodes due to a wound size or wound
shape change. For example, tomographic reconstruction or techniques can be used to infer
wound size by using different spacing of impedance sensors or clectrodes. Voltage or current
probes can be used to apply voltage or current stimuli to determine or test patient’s nerve
responses or to promote wound healing. Impedance can be measured through a conductive
path that goes through a biocompatible layer (for example, of the wound dressing) or through
a biocompatible gel layer (for example, conductive gel layer) or saline solution to contact the
wound. Measurements can be made in a frequency range of about 2.5 kHz to about 100 kHz.

This can be similar to using large patch clamp measurements.
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Alternatively or additionally, impedance can be measured using capacitance or a
capacitive-coupling method without forming direct contact with the tissue (for example, using
non-contact electrodes). For example, transmission in the frequency range of about 30 kHz to
about 70 kHz can be used. Impedance can be measured using three point probe measurement
or four point probe measurement. Impedance of one or more of wound tissue or exudate can
be measured, which can be used to infer cell or tissue health. Impedance of a region around a
wound (such as, skin or tissue surrounding the wound) can be measured. Impedance sensors
can be retractable to move in out as needed. Impedance sensors can include fine or micro
probe needles with conductive tips which extend into the wound and insulating shafts. The
impedance sensor can be dangling probes under a wound contact layer, which come into
contact with the wound. The impedance sensor can include dry contact electrodes. The
impedance sensors can include electrodes, such as gold, silver, platinum, or carbon electrodes,
that ensure or promote biocompatibility.

Temperature sensors can use thermocouples or thermistors to measure temperature.
The thermistors can be used to measure or track the temperature of the underlying wound or
the thermal environment within the wound dressing. The thermometry sensors can be
calibrated and the data obtained from the sensors can be processed to provide information
about the wound environment. An ambient sensor measuring ambient air temperature can
also be used to assist in climinating problems associated with environment temperature shifts.

Optical sensors can be used to measure wound appearance using an RGB sensor with
an illumination source. In some embodiments, both the RGB sensor and the illumination
source would be pressed up against the skin, such that light would penctrate into the tissue
and take on the spectral features of the tissue itself.

Light propagation in tissue can be dominated by two major phenomena, scattering and
attenuation. For attenuation, as light passes through tissue, its intensity may be lost due to
absorption by various components of the tissue. Blue light tends to be attenuated heavily,
whilst light at the red end of the spectrum tends to be attenuated least.

Scattering processes can be more complex, and can have various “regimes” which
must be considered. The first aspect of scattering is based on the size of the scattering centre
compared with the wavelength of incident light. If the scattering center is much smaller than

the wavelength of light, then Rayleigh scattering can be assumed. If the scattering center is on
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the order of the wavelength of light, then a more detailed Mie scattering formulation must be
considered. Another factor involved in scattering light is the distance between input and
output of the scattering media. If the mean free path of the light (the distance between
scattering events) is much larger than the distance travelled, then ballistic photon transport is
assumed. In the case of tissue, scatting events are approximately 100 microns apart —so a 1
mm path distance would effectively randomize the photon direction and the system would
enter a diffusive regime.

Ultra bright light emitting diodes (LEDs), an RGB sensor, and polyester optical filters
can be used as components of the optical sensors to measure through tissue color
differentiation. For example, because surface color can be measured from reflected light, a
color can be measured from light which has passed through the tissue first for a given
geometry. This can include color sensing from diffuse scattered light, from an LED in contact
with the skin. In some embodiments, an LED can be used with an RGB sensor nearby to
detect the light which has diffused through the tissue. The optical sensors can image with
diffuse internal light or surface reflected light.

Additionally, the optical sensors can be used to measure autofluorescence.
Autoflourescense is used because the tissue is absorbing light at one wavelength, and emitting
at another. Additionally, dead tissue may not auto-fluoresce and so this could be a very
strong indication as to if the tissue is healthy or not. Due to blue light (or even UV light)
having such a short penetration depth, it may be very useful for example to have a UV light
with a red sensitive photodiode nearby (or some other wavelength shifted band) to act as a
binary test for healthy tissue, which would auto-fluoresce at a very particular wavelength.

In some embodiments, pH changing pads can be used as a pH sensor. A spectrometer
and a broadband white light source can be used to measure the spectral response of the pH
dye. The illumination and imaging can be provided on the surface of the wound dressing that
is in contact with the wound and at the same side as the fluid application, the bottom surface.
Alternatively, in some embodiments, the illumination and imaging source can be provided on
the surface of the wound dressing opposite the bottom surface and away from fluid
application or the top surface of the dressing.

In some embodiments, pulse oximetry SpO2 sensors can be used. To measure how

oxygenated the blood is and the pulsatile blood flow can be observed. Pulse oximetry
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measurements work by taking a time resolved measurement of light absorption / transmission
in tissue at two different optical wavelengths. When hemoglobin becomes oxygenated, its
absorption spectrum changes with regards to non-oxygenated blood. By taking a
measurement at two different wavelengths, one gains a ratio metric measure of how
oxygenated the blood is.

The components in the sensor array can be connected through multiple connections.
In some embodiments, the thermistors can be arranged in groups of five. Each thermistor is
nominally 10kQ, and cach group of five has a common ground. There are five groups of
thermistors, giving a total of 30 connections. In some embodiments, there can be nine
conductivity terminals. Each conductivity terminal requires one connection, giving a total of 9
connections. In some embodiments, there can be five SpO2 sensors. Each SpO2 sensor
requires three connections, plus power and ground (these are covered separately), giving a
total of 15 connections. In some embodiments, there can be 10 color sensors. Each color
sensor comprises an RGB LED and an RGB photodiode. Each color sensor requires six
connections, however five of these are common to every sensor, giving a total of 15
connections. Power and ground are considered separately. In some embodiments, there can
be 5 pH sensors. The pH sensors can be a color-change discs, and can be sensed using the
color sensors described above. Therefore, the pH sensors require no additional connections.
There can be three power rails, and seven ground return signals, giving a total of 10 common
connections. In some embodiments, the sensor array can include 25 thermistor (Murata
NCP15WB473E03RC), 9 conductivity terminal, 5 SpO2 (ADPD144RI), 10 RGB LED (such
as KPTF-1616RGBC-13), 10 RGB Color Sensor, 10 FET, a printed circuit board (PCB), and
an assembly.

In certain implementations, a controller (such as a microprocessor) can be mounted on
the wound dressing and connected to the one or more sensors. Such a mounted controller can
communicate with a control module over a connection, such as 3 or 4 wire connection (or less
or more wires), to alleviate burdens associated with connecting to external component(s). For
example, the tail portion 302 can include a 3 or 4 wire connection. In some implementations,
the mounted controller can communicate wirelessly.

The controller or control module can be used to interface with the sensor array 300.

The control module can contain a power source, such as batteries, and electronics to drive the
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sensors. The control module can also log data at appropriate intervals and allow data transfer
to an external computing device, such as a personal computer (PC). The control module can
be customized to have various features depending on the sensors used in the sensor array 300
and the data collected by the sensors. The control module can be comfortable enough and
small enough to be worn continuously for several wecks and may be positioned near the
wound dressing or on the wound dressing. In some embodiments, the control module can be
positioned in a remote location from the wound dressing and accompanying sensor array 300.
The control module can communicate with the sensor array 300 and wound dressing through
electrical wires or through wireless communication whether positioned on the dressing, near
the dressing, or remote from the wound dressing. The control module, in some
implementations, can determine a characteristic of the wound from the data collected by the
sensor array 300 and activate an alarm responsive to the characteristic, such as to indicate the
dead tissue is detected.

The control module can include various requirements and combination of features

including but not limited to the features listed in Table 1 below.
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TABLE 1. OPTIONAL FEATURES FOR CONTROL MODULE

7 day operation from a single set of batteries

28 day local, non-volatile, storage capacity

Easy to charge, or to replace battery

Wireless link to PC / tablet (such as Bluetooth)

Wired link to PC (optional, micro-USB)

Drive electronics for temperature sensors (such as, thermistors)

Drive electronics for impedance sensors

Drive electronics for optical sensors

Drive electronics for SpO2 sensors

Power management

Real Time Clock (RTC) to allow accurate data logging, and correlation with other measurands

Ability to change sample rates and intervals (useful for SpO2) for each sensor

Indication of status visually, audibly, tangibly, or the like. For example, via LED, such as (Green :
Awake; Flashing green : Charging; Blue : Wireless link established; Flashing blue : Wireless data
transfer; Yellow : Wired link established; Flashing yellow : Wired data transfer; Red : Battery low;
Flashing red : Battery very low

FIG. 3C illustrates a block diagram of a control module 390 according to some
embodiments. The control module 390 includes an impedance driver box 391 supporting
features of an impedance driver. Box 392 supports the features of the temperature sensor (for
example, thermistor) interface, and box 393 supports the features of the optical interface. The
control module 390 can include a controller or microprocessor 394 with features including a
Real time clock (RTC), Status LEDs, USB connector, Serial Flash, and Debug Connector.

The microprocessor can have one or more of the following features: 2.4GHz or
another suitable frequency radio (either integrated, or external); Supplied Bluctooth software
stack; SPI interface; USB (or UART for external USB driver); 12C; 3 channel PWM; 32
GPIO; or 6-channel ADC. In some embodiments, the device can require at least 48 1/0O pins
or possibly more due to banking limitations. Bluetooth stack typically requires ~20kB on-
board Flash, so a minimum of 32kB can be required. In some embodiment, 64kB can be
required if complex data processing is considered. The processor core can be ARM Cortex

M4 or a similar processor core. In some embodiments, the parts can include ST’s
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STM32L433LC or STM32F302R8, which would require an external radio, or NXP’s Kinetis
KW range including integrated radio.

The control module can include a memory component where the amount of local
storage depends on the sample rate and resolution of the sensors. The control module can
utilize one or more analogue switches. The control module can incorporate a power source,
such as a battery, or may instead utilize a power source separate from the control module.
The control module can incorporate a real time clock (RTC). The PCB of the control module
can be a 4-layer board, approximately SO0mm x 20mm, or 25mm x 40mm. The type of PCB
used can be largely driven by connection requirements to sensor array.

The data collected through the sensor array can be passed through the control module
and processed by a host software. The software may be executed on a processing device.
The processing device can be a PC, tablet format computing device or a tablet, smartphone, or
other computer capable of running host software (for example, a custom made computing
device). The processing device executing the software can be in communication with the
control module through electrical wires or through wireless communication.

Electronics, including one or more of sensors or control module, can be constructed to
be compatible or safe for x-ray, MRI, or other type of scanning. Electronics can be
constructed to be compatible or safe with external or implantable defibrillators. Electronics
can include protection against radiofrequency interference (RFI) or clectromagnetic
interference (EMI). For example, one or more EMI shields can be used, which can be made
out of ferrite, copper, or another material. Faraday cages, or the like.

In some embodiments, a source of negative pressure (such as a pump) and some or all
other components of the TNP system, such as power source(s), sensor(s), connector(s), user
interface component(s) (such as button(s), switch(es), speaker(s), screen(s), etc.) and the like,
can be integral with the wound dressing. In some embodiments, the components can be
integrated below, within, on top of, or adjacent to the backing layer. In some embodiments,
the wound dressing can include a second cover layer or a second filter layer for positioning
over the layers of the wound dressing and any of the integrated components. The second
cover layer can be the upper most layer of the dressing or can be a separate envelope that

enclosed the integrated components of the TNP system.
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As used herein the upper layer, top layer, or layer above refers to a layer farthest from
the surface of the skin or wound while the dressing is in use and positioned over the wound.
Accordingly, the lower surface, lower layer, bottom layer, or layer below refers to the layer
that is closest to the surface of the skin or wound while the dressing is in use and positioned

over the wound.

Electrostatic Discharge Protection

Components, such as sensors, connections, or the like, can be mounted on a sensor
array, such as the sensor array 300 of FIG. 3A. The sensor array with sensors can, in turn, be
part of or coupled to a wound dressing that is positioned in or on a wound, skin, or both the
wound and the skin of a patient. The sensor array with sensors can be used to generate
signals indicative of physiological parameter of the wound, skin, or patient. Moreover, the
sensor array with sensors can be constructed to improve the tolerance of sensor array to
environmental conditions and desirably can operate electrically or mechanically properly or
safely in various non-controlled environments like home healthcare, airborne, automobile,
boats, train, metal detectors, active implantable device, and the like.

One or more of the features described herein can enable the sensory array with sensors
to withstand high levels of ESD or be defibrillation-proof. The sensor array with sensors can
be configured to withstand high levels of ESD and in multiples steps, such as contact: £2 kV,
+4 kV, £6 kV, £8 kV or higher, and air: £2 kV, 4 kV, +6 kV, £8 kV =15 kV, £30 kV or
higher. In addition, the sensor array with sensors can, in some implementations, be
defibrillation-proof (for instance, defibrillation-proof as an entire applied part), such as is
defined under the IEC 60601-1 standard, another standard, or other industry-accepted criteria.
The sensor array with sensors can, for example, continue normal operation when monophasic
or biphasic defibrillation shock is applied to a patient that is wearing the sensor array. The
sensors of the sensory array may not change performance or present false information under
or after such conditions. Such a defibrillation-proof construction can be desirable because
sensors can then survive an external defibrillation shock in case a patient using the sensor
array goes into cardiac arrest. Moreover, the sensor array can be defibrillator-proof while
retaining usability (for example, not having a metal case, which may, for instance, add too

much weight to the device).
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The sensor arrays with sensors, as described herein, can advantageously, in certain
embodiments, be constructed using a process illustrated by FIGS. 4A-4H or one or more
features of the process or variations thereto.

As illustrated in FIG. 4A, a process of constructing a circuit board 400 can begin with
an elastomer substrate 410 being provided. The elastomer substrate 410 can be a stretchable
or wound contact layer. The elastomer substrate 410 can, for instance, be composed of or
include TPU. The clastomer substrate 410 can have a low permeability in some
implementations.

Next, at FIG. 4B, conductive tracks 420 can be placed on the elastomer substrate 410.
For example, the conductive tracks 420 can be placed by printing ink tracks, such as copper-
infused, silver-infused, silver-chloride, or gold-infused ink tracks. At FIG. 4C, one or more
components 430 can be added to the elastomer substrate 410 and electrically connected with
connectors 440 to the conductive tracks 420. The one or more components 430 can, for
instance, include or be temperature sensors, impedance sensors (or conductivity sensors),
SpO2 sensors, or optical, ultraviolet (UV), infrared (IR), or other type of visible or invisible
light sensors, or the like. The connectors 440 can be pins, leads, bumps, or the like. At least
some of the conductive tracks 420 or the connectors 440 can be flexible or stretchable or
substantially flexible or stretchable.

At FIG. 4D, a conformal coating 450 can be applied to a component side of the
clastomer substrate 410. The conformal coating 450 can be used to encapsulate one or more
of the eclastomer substrate 410 or items supported on the coated side of the clastomer
substrate 410. The conformal coating 450 can, for example, be applied with a spray, brush, or
another approach and cured using one or more of UV, light, or thermal curing. The
conformal coating 450 can one or more of a suitable polymer, adhesive, such as 1072-M UV,
light, or thermal curable or cured adhesive, Optimax adhesive (such as, NovaChem Optimax
8002-LV), parylene (such as, Parylene C), silicon, epoxy, urcthane, acrylated urethane, or
another suitable biocompatible and stretchable material. The conformal coating 450 can be
thin, such as about 100 microns thick, less than about 100 microns thick, or more than about
100 microns thick.

At FIG. 4E, a conformal coating 460 can be applied to a non-component side of the

clastomer substrate 410. The conformal coating 460 can be used to encapsulate one or more
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of the clastomer substrate 410 or items supported on the coated side of the clastomer
substrate 410. The conformal coating 460 can, for example, be applied with a spray, brush, or
another approach and cured using one or more of UV, light, or thermal curing. The
conformal coating 460 may be the same type or a different type of coating than the conformal
coating 450.

At FIG. 4F, the circuit board 400 can be perforated. For example, at least the
clastomer substrate 410 can be perforated using one or more of a cold pin perforation, hot pin
perforation, laser ablation perforation, ultrasonic or ultrasound perforation, or the like to
make the clastomer substrate 410 permeable to liquid or gas.

At FIG. 4G, a top edge plane 470 and a through vias 480 can be added to the
clastomer substrate 410. The top edge plane 470 and the through vias 480 can be added, for
example, by printing ink tracks or dipping or overmolding tracks onto the elastomer substrate
410. The top edge plane 470 can be a conductive pathway extending around all or part (for
instance, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, or 95% of a length) of a perimeter or an edge of one side of the elastomer substrate 410
or at least a portion of the clastomer substrate 410 on which one or more sensors are
positioned.

The top edge planc 470 and the through vias 480 can be connected to clectrical
ground of the clastomer substrate 410 and the one or more components 430 (for instance, to a
negative voltage of a power supply) and serve to protect the one or more components 430
when the elastomer substrate 410 is exposed to ESD by providing a discharge path for the
ESD. The through vias 480 can include multiple vias that are conductive pathways through
the clastomer substrate 410 and clectrically connect the top edge plane 470 to a surface on an
opposite side of the clastomer substrate 410 through the clastomer substrate 410. The
conductive pathways of the through vias 480 can partially or fully fill the vias. The through
vias 480 can be spaced apart from one another between around I mm to 10 mm, such as
around 2.5 mm, but can be spaced apart a lesser or greater spacing in some implementations.

At FIG. 4H, a bottom edge planc 490 can be added to the clastomer substrate 410.
The bottom edge plane 490 can be added, for example, by printing ink tracks or dipping or
overmolding tracks onto an opposite side of the clastomer substrate from the top edge plane

470. The bottom edge plane 490 can be a conductive pathway extending around all or part
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(for instance, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, or 95% of a length) of a perimeter or an edge of the clastomer substrate 410 or at
least a portion of the clastomer substrate 410 on which one or more sensors are positioned.
The bottom edge plane 490 can be clectrically connected to the conductive pathways of the
through vias 480 and thus electrical ground and further serve to protect the one or more
components when the elastomer substrate 410 is exposed to ESD by providing a discharge
path for the ESD.

Upon completion of the process illustrated by FIGS. 4A-4H, the one or more
components 430 can communicate with a control module, such as the control module 390 of
FIG. 3C, via the conductive tracks 420. The control module can, in turn, monitor or adjust
operations of the one or more components 430 through the communications.

The process described with respect to FIGS. 4A-4H H can be varied in one or more of
the following ways: A conformal coating may not be applied to the non-component side of
the elastomer substrate 410 as shown at FIG. 4E. A conformal coating may be applied to the
non-component side of the elastomer substrate 410 prior to placing the conductive tracks 420
on the clastomer substrate 410 rather than after. The top edge plane 470 and the bottom
edge plane 490 can be placed prior to perforation and then back-filled. The top edge plane
470 and the bottom edge plane 490 can be linked around an outside of the clastomer
substrate 410 rather than by the through vias 480. Edge immunity can be achieved by using a
material on the non-component side overlapping and an overhang can be adhered to the
underside, and protection may then be provided using a conductive material (for example,
metalized polyethylene film) or an insulating material (for example, PVC film). The film can
additionally or alternatively be positioned on both sides, overlapping and perforated through,
welding both the edge and perforations.

FIG. 5 illustrates a top view of an edge area 500 of a circuit board, such as the circuit
board 400 of FIG. 4G, that includes a top ground plane 502 and through vias 504. The top
ground plane 502 can include a conductive pathway positioned proximate to a circuit board
edge, such as an outer edge of the circuit board or an inner edge of the circuit board. The
conductive pathway can separate the circuit board edge from circuit board components
mounted on the circuit board and may or may not be positioned against the circuit board edge.

The through vias 504 can be holes in the conductive pathway.
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FIG. 6A illustrates a sensor array 600 that may be the same as the sensor array 300 of
FIG. 3A except that a top edge plane 602 is shown extending around a perimeter of the sensor
portion 301. The top edge plane 602 can be like the top edge plane 470 and provide ESD
protection to one or more sensors or associated circuitry mounted to the sensor portion 301
or the tail portion 302. For example, the top edge plane 602 can protect one or more of a
temperature sensor, impedance sensor, optical sensor, and SpO2 sensor mounted on the
sensor portion 301 from an electrical current received by the sensor array 600 from external to
the sensor array 600. Through vias, as described herein, may or may not be included in the
top edge plane 602.

FIG. 6B illustrates a sensor array 610 that may be the same as the sensor array 600 of
FIG. 6A except that a top edge plane 612 may extend farther along the tail portion and the
connector pad end portion 303 than the top edge plane 602.

FIG. 6C illustrates a sensor array 620 that may be the same as the sensor array 610 of
FIG. 6B except that a top edge plane 622 may extend farther along the connector pad end
portion 303 than the top edge plane 612 and form a fully-connected loop.

Although FIGS. 6A-6C illustrate top edge planes extending around a part or all of an
outer perimeter of the sensor portion 301, the tail portion 302, and the connector pad end
portion 303, the top edge planes can be positioned differently on the sensor portion 301, the
tail portion 302, and the connector pad end portion 303 or yet other edge planes can be
positioned on the sensor portion 301, the tail portion 302, and the connector pad end portion
303. For example, an edge plane can extend around an inner perimeter of the sensor portion
301 rather than or in addition to an outer perimeter of the sensor portion 301. As another
example, an edge plane can extend individually or in groups around one or more of the
sensors or other components mounted on the sensor array.

Moreover, although not illustrated, bottom edge planes may be included on an
opposite side of the sensor portion 301, the tail portion 302, and the connector pad end
portion 303 from the top edge planes illustrated in FIGS. 6A-6C. The bottom edge planes can
accordingly be electrically connected to the top edge planes by through vias.

FIG. 7 illustrates a method 700 for protecting a sensor from clectrical discharge. The
method 700 can be performed by a circuit board that supports a sensor, such as the circuit

board 400 of FIG. 4H, the sensor array 600 of FIG. 6A, the sensor array 610 of FIG. 6B, the
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sensor array 620 of FIG. 6C. For convenience, the method 700 is explained in the context of
the circuit boards described herein, but may instead be implemented in other systems not
shown. The method 700 can advantageously, in certain embodiments, enable a sensor to be
protected from electrical discharge that would traditionally have damaged the sensor.
Moreover, the method 700 can provide enhanced protection for a sensor that may be
positioned by a sensitive area, such as near a wound or proximate pressure therapy, where
troubleshooting or fixing any issues with the sensor may be difficult or even impossible.

At block 702, the method 700 can output a signal from a sensor mounted on a circuit
board. For example, a sensor mounted on the tail portion 301 of the sensor array 600 can
output a signal responsive to and usable to determine a value indicative of a physiological
parameter. The circuit board can be part of or coupled to a wound dressing.

At block 704, the method 700 can receive an electrical current from external to the
circuit board. For example, the sensor array 600 can receive an electrical discharge from
external to the wound dressing, such as from a defibrillation shock to a wearer of the wound
dressing that passes to the sensor array 600.

At block 706, the method 700 can conduct the electrical current to ground via a
perimeter pathway on the circuit board. The perimeter pathway can be a conductive pathway
electrically coupled to ground for the circuit board and that extends around all or part (for
instance, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, or 95% of a length) of an inner or outer perimeter of a side of the circuit board or a
perimeter of one or more clements on or holes in the circuit board. The perimeter pathway
can desirably be used to dissipate the electrical current without damaging the one or more
sensors or associated circuitry be mounted on the circuit board. One example of the perimeter

pathway is the top edge plane 602.

Other Variations

Any value of a threshold, limit, duration, etc. provided herein is not intended to be
absolute and, thereby, can be approximate. In addition, any threshold, limit, duration, etc.
provided herein can be fixed or varied either automatically or by a user. Furthermore, as is
used herein relative terminology such as exceeds, greater than, less than, etc. in relation to a

reference value is intended to also encompass being equal to the reference value. For
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example, exceeding a reference value that is positive can encompass being equal to or greater
than the reference value. In addition, as is used herein relative terminology such as exceeds,
greater than, less than, ctc. in relation to a reference value is intended to also encompass an
inverse of the disclosed relationship, such as below, less than, greater than, etc. in relations to
the reference value. Moreover, although blocks of the various processes may be described in
terms of determining whether a value meets or does not meet a particular threshold, the
blocks can be similarly understood, for example, in terms of a value (i) being below or above a
threshold or (ii) satisfying or not satisfying a threshold.

Features, materials, characteristics, or groups described in conjunction with a
particular aspect, embodiment, or example are to be understood to be applicable to any other
aspect, embodiment or example described herein unless incompatible therewith. All of the
features disclosed in this specification (including any accompanying claims, abstract and
drawings), or all of the steps of any method or process so disclosed, may be combined in any
combination, except combinations where at least some of such features or steps are mutually
exclusive. The protection is not restricted to the details of any foregoing embodiments. The
protection extends to any novel one, or any novel combination, of the features disclosed in
this specification (including any accompanying claims, abstract and drawings), or to any novel
one, or any novel combination, of the steps of any method or process so disclosed.

While certain embodiments have been described, these embodiments have been
presented by way of example only, and are not intended to limit the scope of protection.
Indeed, the novel methods and systems described herein may be embodied in a variety of other
forms. Furthermore, various omissions, substitutions and changes in the form of the methods
and systems described herein may be made. Those skilled in the art will appreciate that in
some embodiments, the actual steps taken in the processes illustrated or disclosed may differ
from those shown in the figures. Depending on the embodiment, certain of the steps
described above may be removed, others may be added. For example, the actual steps or
order of steps taken in the disclosed processes may differ from those shown in the figure.
Depending on the embodiment, certain of the steps described above may be removed, others
may be added. For instance, the various components illustrated in the figures may be
implemented as software or firmware on a processor, controller, ASIC, FPGA, or dedicated

hardware. Hardware components, such as controllers, processors, ASICs, FPGAs, and the
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like, can include logic circuitry. Furthermore, the features and attributes of the specific
embodiments disclosed above may be combined in different ways to form additional
embodiments, all of which fall within the scope of the present disclosure.

Conditional language, such as “can,” “could,” “might,” or “may,” unless specifically
stated otherwise, or otherwise understood within the context as used, is generally intended to
convey that certain embodiments include, while other embodiments do not include, certain
features, elements, or steps. Thus, such conditional language is not generally intended to
imply that features, elements, or steps are in any way required for one or more embodiments
or that one or more embodiments necessarily include logic for deciding, with or without user
input or prompting, whether these features, clements, or steps are included or are to be
performed in any particular embodiment. The terms “comprising,” “including,” “having,” and
the like are synonymous and are used inclusively, in an open-ended fashion, and do not
exclude additional elements, features, acts, operations, and so forth. Also, the term “or” is
used in its inclusive sense (and not in its exclusive sense) so that when used, for example, to
connect a list of ¢lements, the term “or” means one, some, or all of the elements in the list.
Further, the term “each,” as used herein, in addition to having its ordinary meaning, can mean
any subset of a set of elements to which the term “cach” is applied.

Conjunctive language such as the phrase “at least one of X, Y, and Z,” unless
specifically stated otherwise, is otherwise understood with the context as used in general to
convey that an item, term, etc. may be either X, Y, or Z. Thus, such conjunctive language is
not generally intended to imply that certain embodiments require the presence of at least one
of X, at least one of Y, and at least one of Z.

2 (13

Language of degree used herein, such as the terms “approximately,” “about,”
“generally,” and “substantially” as used herein represent a value, amount, or characteristic
close to the stated value, amount, or characteristic that still performs a desired function or
achieves a desired result. For example, the terms “approximately”, “about”, “generally,” and
“substantially” may refer to an amount that is within less than 10% of, within less than 5% of,
within less than 1% of, within less than 0.1% of, and within less than 0.01% of the stated
amount. As another example, in certain embodiments, the terms “generally parallel” and

“substantially parallel” refer to a value, amount, or characteristic that departs from exactly
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parallel by less than or equal to 15 degrees, 10 degrees, 5 degrees, 3 degrees, 1 degree, or 0.1
degree.

All of the features disclosed in this specification (including any accompanying exhibits,
claims, abstract and drawings), or all of the steps of any method or process so disclosed, may
be combined in any combination, except combinations where at least some of such features or
steps are mutually exclusive. The disclosure is not restricted to the details of any foregoing
embodiments. The disclosure extends to any novel one, or any novel combination, of the
features disclosed in this specification (including any accompanying claims, abstract and
drawings), or to any novel one, or any novel combination, of the steps of any method or
process so disclosed.

Various modifications to the implementations described in this disclosure may be
readily apparent to those skilled in the art, and the generic principles defined herein may be
applied to other implementations without departing from the spirit or scope of this disclosure.
Thus, the disclosure is not intended to be limited to the implementations shown herein, but is

to be accorded the widest scope consistent with the principles and features disclosed herein.

-39-



10

15

20

25

WO 2019/048626 PCT/EP2018/074180

WHAT IS CLAIMED:
1. An apparatus for use in monitoring or treating a wound, the apparatus
comprising:

a wound dressing configured to be positioned over a wound of a patient and
absorb wound exudate from the wound;

a circuit board incorporated in or coupled to the wound dressing, the circuit
board comprising a first conductive pathway extending around at lecast part of a
perimeter of a first side of the circuit board, the first conductive pathway being
electrically coupled to an electrical ground for the circuit board; and

a sensor mounted on the circuit board, the sensor being configured to output a
signal usable to determine a value indicative of a physiological parameter of the
patient,

wherein the first conductive pathway is configured to protect the sensor

against an electrostatic discharge.

2. The apparatus of claim 1, wherein the circuit board is a flexible printed circuit

board.

3. The apparatus of any one or more preceding claims, wherein the circuit board

is stretchable.

4. The apparatus of any one or more preceding claims, wherein the circuit board
comprises conductive tracks on an clastomer substrate and a conformal coating on the

clastomer substrate.

5. The apparatus of any one or more preceding claims, wherein the circuit board
comprises a second conductive pathway extending around at least part of a perimeter of a
second side of the circuit board opposite the first side, the second conductive pathway being
clectrically coupled to the clectrical ground and configured to protect the sensor against the

clectrostatic discharge.
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6. The apparatus of claim 5, further comprising a plurality of vias electrically
connecting the first conductive pathway and the second conductive pathway through the

circuit board.

7. The apparatus of any one or more preceding claims, wherein the first

conductive pathway extends around at least half of the perimeter of the first side.

8. The apparatus of any one or more preceding claims, wherein the first

conductive pathway extends around at least 75% of the perimeter of the first side.

9. The apparatus of any one or more preceding claims, wherein the sensor is
configured to continue to output the signal subsequent to the wound dressing being exposed

to a defibrillation shock.

10. The apparatus of any one or more preceding claims, wherein the circuit board

is incorporated in a wound contact layer of the wound dressing.

1. The apparatus of any one or more preceding claims, wherein the sensor
comprises one or more of a temperature sensor, an impedance sensor, an optical sensor, or a

SpO2 sensor.

12. The apparatus of any one or more preceding claims, further comprising a

controller configured to receive the signal, determine the value, and output the value for

presentation.

13. The apparatus of claim 12, wherein the controller is not mounted on the circuit
board.

14. A method for manufacturing an apparatus for use in monitoring or treating a

wound, the method comprising:
mounting a sensor on a substrate and in electrical communication with
conductive tracks on the substrate;
applying a conformal coating to the substrate;

perforating the substrate;
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adding a first conductive pathway extending around at least part of a perimeter
of a first side of the substrate;

electrically connecting the first conductive pathway to an electrical ground for
the sensor; and

incorporating the substrate into a wound dressing or coupling the substrate to

the wound dressing.

15.  The method of claim 14, wherein the sensor is configured to output a signal
usable to determine a value indicative of a physiological parameter of a patient when the

sensor is positioned proximate to the patient.

16.  The method of any one or more preceding claims, wherein said adding

comprises dipping or overmolding the first conductive pathway on the substrate.

17. The method of any one or more preceding claims, wherein the substrate

comprises thermoplastic polyurethane.

18.  The method of any one or more preceding claims, wherein said applying
comprises applying the conformal coating to the first side and a second side of the substrate

opposite the first side.

19. The method of any one or more preceding claims, further comprising:
adding a second conductive pathway extending around at least part of a
perimeter of a second side of the substrate opposite the first side; and

electrically connecting the second conductive pathway to the electrical ground.

20.  The method of claim 19, further comprising electrically connecting the first

conductive pathway to the second conductive pathway through the substrate.

21. The method of claim 19 or 20, further comprising electrically connecting the

first conductive pathway to the second conductive pathway around an edge of the substrate.
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