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(57) Abstract: A reduced-pressure medical treatment system for treating a tissue site on a patient includes a medical drape that has
an holographically-formed polymer dispersed liquid crystal (H-PDLC) device that changes visual appearance when experiencing
strain. The change in visual appearance of the H-PDLC device allows identification of the existence of strain and may allow a quant -
itative assessment of the range of stress involved. In other aspects, a dressing conduit connector, canister, and reduced-pressure in-
terface use a holographically-formed polymer dispersed liquid crystal (H-PDLC) device to help determine the existence and perhaps
the amount of stress experienced. Other systems, methods, and devices are presented.
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MEDICAL DRAPES, DEVICES, AND SYSTEMS EMPLOYING A
HOLOGRAPHICALLY-FORMED POLYMER DISPERSED LIQUID CRYSTAL (H-
PDLC) DEVICE

RELATED APPLICATIONS

[0001] The present invention claims the benefit of the filing of U.S. Provisional Patent
Application serial number 61/500,945, entitled “Medical drapes, Devices, and Systems
Employing a Holographically-Formed Polymer Dispersed Liquid Crystal (H-PDLC) Device,”

filed June 24, 2011, which is incorporated herein by reference for all purposes.
FIELD

[0002] The present disclosure relates generally to medical treatment systems and, more
particularly, but not by way of limitation, to medical drapes, dressings, devices and systems
employing a holographically-formed polymer dispersed liquid crystal (H-PDLC) device that

gives a visual indication of strain.
BACKGROUND

[0003] Wounds typically require care to heal properly. A wound may be treated and
covered by a dressing. In more recent times, a wound may be treated using reduced pressure.
Clinical studies and practice have shown that providing a reduced pressure in proximity to a
tissue site, such as a wound, augments and accelerates the growth of new tissue at the tissue
site. The applications of this phenomenon are numerous, but application of reduced pressure
has been particularly successful in treating wounds. This treatment (frequently referred to in

20 Ce

the medical community as “negative pressure wound therapy,” “reduced pressure therapy,” or
“vacuum therapy”) provides a number of benefits, which may include faster healing and
increased formulation of granulation tissue.

[0004] Typically, reduced pressure is applied to tissue through a porous pad or other
manifold device. Unless otherwise indicated, as used throughout this document, “or” does not
require mutual exclusivity. The porous pad contains cells or pores or pathways that are

capable of distributing reduced pressure to the tissue and channeling fluids that are drawn
1
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from the tissue site. The porous pad is typically covered by a drape that forms a seal. Drapes

are also used in medical wound dressings for use without reduced pressure.
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SUMMARY

[0005] According to an illustrative embodiment, a reduced-pressure treatment system
for treating a tissue site on a patient includes a distribution manifold for disposing proximate
to the tissue site, a drape for covering the distribution manifold and a portion of the patient’s
intact skin to form a sealed space, and a reduced-pressure source fluidly coupled to the sealed
space. The drape comprises a holographically-formed polymer dispersed liquid crystal (H-
PDLC) device having layers of liquid crystal (L.C) droplets in a matrix polymer.

[0006] According to another illustrative embodiment, a method for treating a tissue
site on a patient with reduced pressure includes disposing a distribution manifold proximate to
the tissue site, and covering the distribution manifold and a portion of the patient’s intact skin
with a drape to form a sealed space. The drape comprises a holographically-formed polymer
dispersed liquid crystal (H-PDLC) device. The method further includes delivering reduced
pressure to the sealed space and monitoring the drape for any changes in visual appearance in
the holographically-formed polymer dispersed liquid crystal (H-PDLC) device due to strain.

[0007] According to another illustrative embodiment, a dressing for covering a tissue
site on a patient includes a drape for applying over the tissue site that changes visual
appearance when subjected to strain. The drape comprises a holographically-formed polymer
dispersed liquid crystal (H-PDLC) device having layers of liquid crystal (L.C) droplets in a
matrix polymer. The dressing further includes an adhesive for removably coupling the drape
to the patient’s skin.

[0008] According to another illustrative embodiment, a reduced-pressure interface for
providing reduced pressure to a tissue site includes an interface body having a base and a
suction head. The suction head includes a conduit opening for coupling to a reduced-pressure
delivery conduit, a delivery opening for communicating reduced pressure to the tissue site, and
a passageway fluidly coupling the conduit opening and the delivery opening. At least a
portion of the interface body comprises a holographically-formed polymer dispersed liquid
crystal (H-PDLC) device having layers of liquid crystal (1.C) droplets in a matrix polymer.

[0009] According to another illustrative embodiment, a canister for receiving body
fluids includes a canister body forming a fluid reservoir, an inlet for receiving a reduced-
pressure delivery conduit, and at least one pressure-indicating device formed on the canister

body that is activated to change visual appearances when experiencing strain within a first
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range. The pressure-indicating device comprises a window frame covered by a
holographically-formed polymer dispersed liquid crystal (H-PDLC) device.

[0010] According to another illustrative embodiment, a conduit connector for
connecting medical conduits includes a connector body. The connector body includes a
chamber, an inlet for receiving a first conduit, and an outlet for receiving a second conduit.
The conduit connector further includes a pressure-indicating device formed on the connector
body. The pressure-indicating device comprises a window frame covered by a
holographically-formed polymer dispersed liquid crystal (H-PDLC) device.

[0011] According to another illustrative embodiment, a method for treating a wound
includes preparing the wound and covering the wound with a drape. The drape comprises a
holographically-formed polymer dispersed liquid crystal (H-PDLC) device having layers of
liquid crystal (L.C) droplets in a matrix polymer. The drape is configured to change visual
appearance when subjected to a strain greater than a threshold strain. The method further
includes confirming that that the drape has not experienced a change in visual appearance
indicative of a strain greater than the threshold strain.

[0012] Other features and advantages of the illustrative embodiments will become

apparent with reference to the drawings and detailed description that follow.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIGURE 1 is a schematic diagram, with a portion shown in cross section and a
portion shown in perspective view, of an illustrative embodiment of a reduced-pressure
treatment system for treating a tissue site on a patient;

[0014] FIGURE 2 is a schematic cross section of a portion of a drape according to one
illustrative embodiment;

[0015] FIGURE 3 is a schematic cross section of an illustrative embodiment of a
holographically-formed polymer dispersed liquid crystal (H-PDLC) device attached as part of
a drape;

[0016] FIGURE 4A is a schematic diagram showing a reflective H-PDLC device in
two states;

[0017] FIGURE 4B is a schematic diagram showing a pass-through (transmission) H-
PDLC device in two states;

[0018] FIGURE 5 is a schematic cross section of an illustrative embodiment of an H-
PDLC device in an unstrained state;

[0019] FIGURE 6 is a schematic cross section of the illustrative embodiment of the H-
PDLC device of FIGURE 5 shown strained by a tensile force (strained state);

[0020] FIGURE 7 is a schematic cross section of the illustrative embodiment of the H-
PDLC device of FIGURE 5 shown strained by a compressive force;

[0021] FIGURE 8 is a schematic cross section of an illustrative embodiment of an H-
PDLC device having liquid crystal (LLC) planes orthogonal to a tensile force;

[0022] FIGURE 9 is a schematic cross section of an illustrative embodiment of an H-
PDLC device having liquid crystal (L.C) planes angled with respect to a tensile force;

[0023] FIGURE 10 is a schematic cross section of an illustrative embodiment of a
polarization-sensitive H-PDLC device shown in two states;

[0024] FIGURE 11A is a schematic cross section of an illustrative embodiment of a
reflective H-PDLC device utilizing aspected H-PDLC particles;

[0025] FIGURE 11B is a schematic cross section of the reflective H-PDLC device of
FIGURE 11A shown under stress;
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[0026] FIGURE 12 is schematic cross section of an illustrative reflective H-PDLC
device that includes two H-PDLC films with liquid crystal (L.C) planes having different
orientations;

[0027] FIGURE 13 is a schematic, perspective view of a drape that includes a

5 pressure-indicating device that includes an H-PDLC device;

[0028] FIGURE 14 is a schematic, elevational view of an illustrative embodiment of a
canister for receiving body fluids that has at least one pressure-indicating device that includes
an H-PDLC device;

[0029] FIGURE 15 is a schematic plan view of an illustrative embodiment of a conduit

10 connector for fluidly coupling medical conduits, wherein the conduit connector has a pressure-
indicating device that includes an H-PDLC device;

[0030] FIGURE 16 is a schematic cross section of an illustrative embodiment of a
reduced-pressure interface for providing reduced pressure through a drape to a tissue site,
wherein the reduced-pressure interface has a pressure-indicating device that includes an H-

15  PDLC device; and

[0031] FIGURE 17 is a schematic cross section of an illustrative embodiment of a

reduced-pressure interface for providing reduced pressure through a drape to a tissue site and

having a pressure-indicating device that includes an H-PDLC device.
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0032] In the following detailed description of the illustrative, non-limiting
embodiments, reference is made to the accompanying drawings that form a part hereof. These
embodiments are described in sufficient detail to enable those skilled in the art to practice the
invention, and it is understood that other embodiments may be utilized and that logical
structural, mechanical, electrical, and chemical changes may be made without departing from
the spirit or scope of the invention. To avoid detail not necessary to enable those skilled in the
art to practice the embodiments described herein, the description may omit certain information
known to those skilled in the art. The following detailed description is, therefore, not to be
taken in a limiting sense, and the scope of the illustrative embodiments are defined only by the
appended claims.

[0033] In caring for wounds with a dressing, it is desirable at times to qualitatively or
quantitatively indicate strain in the dressing. The presence and magnitude of strain in the
dressing, and in particular in a drape, can indicate a number of phenomenon. For example, in
reduced pressure treatments strain can indicate the presence of reduced pressure, over-
pressurization of a dressing during installation therapy, or over-stretching of the drape during
application. Over-stretching the drape during application of the dressing on the patient can
cause pain for the patient and ultimately may contribute to non-compliance. Over-stretching
may also cause skin marking or irritation. For at least these reasons, a dressing is desired that
visually indicates qualitatively or quantitatively the presence of strain.

[0034] Referring now to the drawings and initially and primarily to FIGURE 1, a
reduced-pressure treatment system 100 for treating a tissue site 102 on a patient 104 is
presented. The reduced-pressure treatment system 100 includes a drape 106 that includes a
holographically-formed polymer dispersed liquid crystal (H-PDLC) device 108. The H-PDLC
device 108 has layers of liquid crystal (1.C) droplets in a matrix polymer. The H-PDLC device
108 is typically a reflective strain gauge as will be described further below. The H-PDLC
device 108 provides a visual indication of stress on the drape 106 by changing colors or
otherwise changing visual appearances of ambient light that is reflected to an observer.

[0035] The H-PDLC device 108 is associated with the drape 106 and may be attached

to one or more polymer layers 109 or may be sandwiched between two elastomeric layers,
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typically polymer layers 109, as shown or otherwise incorporated into the drape 106. The H-
PDLC device 108 may be coextensive with the polymer layer or layers of the drape 106 or
may only partially cover the other layers of the drape 106. For example, the H-PDLC device
108 may form a plurality of strips or a grid pattern that is attached to a polymer layer or that is
sandwiched between polymer layers as an aspect of the drape 106. In one illustrative
embodiment, the drape 106 has a surface area A and the H-PDLC device 108 covers 50
percent or less of A. The reduced coverage may help with vapor transmission rates through
the drape 106.

[0036] The drape 106 may be any material that provides a fluid seal and is flexible.
The drape 106 may be, for example, an impermeable or semi-permeable, elastomeric material.
Examples of suitable elastomers may include, but are not limited to, natural rubbers,
polyisoprene, styrene butadiene rubber, chloroprene rubber, polybutadiene, nitrile rubber,
butyl rubber, ethylene propylene rubber, ethylene propylene diene monomer, chlorosulfonated
polyethylene, polysulfide rubber, polyurethane (PU), EVA film, co-polyester, and silicones.
Additional, specific examples of drape materials include a silicone drape, a 3M Tegaderm®
drape, or a polyurethane (PU) drape such as one available from Avery Dennison Corporation
of Pasadena, California.

[0037] The drape 106 includes an attachment device 113 (FIG. 2) on a patient-facing
side 107 of the drape 106. The attachment device 113 may take numerous forms. For
example, the attachment device 113 may be a medically-acceptable, pressure-sensitive
adhesive that extends about a periphery, a portion, or the entire drape 106. As additional
examples, the attachment device 113 may be a double-sided drape tape, paste, hydrocolloid,
hydrogel or other sealing device or element.

[0038] Referring now primarily to FIGURE 2, the drape 106 may take numerous
embodiments. In the illustrative embodiment shown, the H-PDLC device 108 is sandwiched
or layered between two members of a plurality of polymer layers 109. In addition, a layer 128
that is an optional reflective layer may be on the patient-facing side 130 of the H-PDLC device
108 to make changes in the visual appearance of the H-PDLC device 108 easier to see from a
point external to the drape 106. In still another optional alternative, the layer 128 may be a
light-absorbing layer. In one embodiment, an optical reader (not shown), e.g., a photodiode, a

spectrometer or other suitable instrument for observing a wavelength shift, or an analyzer for
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observing a polarization-dependent shift in the reflected light, may be associated with the
drape 106 for monitoring electronically for any visual changes in the H-PDLC device 108.
The drape 106 has a first side 105 and a second, patient-facing side 107.

[0039] Referring again primarily to FIGURE 1, the drape 106 covers a distribution
manifold 110, which is disposed proximate to the tissue site 102, e.g., a wound 112. The
wound 112 is shown through the patient’s skin 114 and into subcutaneous tissue 116. The
tissue site 102 may be the bodily tissue of any human, animal, or other organism, including
bone tissue, adipose tissue, muscle tissue, dermal tissue, vascular tissue, connective tissue,
cartilage, tendons, ligaments, or any other tissue. Treatment of tissue site 102 may include
removal of fluids, e.g., exudate or ascites.

[0040] The drape 106 covers the distribution manifold 110 and a portion of the
patient’s intact skin 114 to form a sealed space 118. A reduced-pressure interface 120 may be
fluidly coupled to the sealed space 118. The reduced-pressure interface 120 may be fluidly
coupled to a reduced-pressure source 122 by a reduced-pressure delivery conduit 124. The
reduced-pressure delivery conduit 124 may include one or more conduit connectors 126,
which couple conduits to form an integral reduced-pressure delivery conduit 124.

[0041] The reduced-pressure source 122 may be any device for supplying a reduced
pressure. For example, the reduced-pressure source 122 may be a vacuum pump, wall suction,
micro-pump, or other source. The reduced-pressure source 122 typically includes a canister
for receiving fluids. While the amount and nature of reduced pressure applied to a tissue site
102 will typically vary according to the application, the reduced pressure will typically be
between -5 mm Hg (-667 Pa) and -500 mm Hg (-66.7 kPa) and more typically between -75
mm Hg (-9.9 kPa) and -300 mm Hg (-39.9 kPa). Alternatively or in addition, a reduced-
pressure source may be included in the sealed space 118 and provide reduced pressure therein
while discharging exhaust outside of the sealed space. For example, a micro-pump such as
that shown in United States Patent Publication 2009/0240185 (application 12/398,904),
entitled, “Dressing and Method for Applying Reduced Pressure To and Collecting And Storing
Fluid from a Tissue Site,” which is incorporated herein for all purposes, may be used. In
another embodiment, the drape 106 may be used to form a wound dressing that is used without

reduced pressure and may be used without a distribution manifold.
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[0042] In the reduced-pressure treatment system 100, either through production in the
sealed space or by delivery through the reduced-pressure delivery conduit 124, reduced
pressure is realized in the sealed space 118. The reduced pressure may be for reduced-
pressure therapy or for removal of fluids. Reduced pressure refers to a pressure less than the
ambient pressure at a tissue site 102 that is being subjected to treatment. In most cases, this
reduced pressure will be less than the atmospheric pressure at which the patient is located.
Alternatively, the reduced pressure may be less than a hydrostatic pressure at the tissue site.
Unless otherwise indicated, quantitative values of pressure stated herein are gauge pressures.
As previously noted, in some applications, no reduced pressure is used and only a wound
dressing that includes the drape 106 is utilized.

[0043] The inclusion of the H-PDLC device 108 as an aspect of the drape 106 allows
for an indication—qualitatively or quantitatively—of the presence of strain. When the drape
106 is under stress that results in strain, the H-PDLC device 108 will provide a change in a
visual appearance as will be described further below. The H-PDLC device 108 may be
calibrated such that certain colors or appearances correspond to certain reduced-pressure
ranges. As previously mentioned, identifying or even quantifying strain (or stress) has
advantages.

[0044] In operation of the illustrative reduced-pressure treatment system 100, the
distribution manifold 110 is placed proximate to the tissue site 102. The tissue site 102 and
distribution manifold 110 are then covered with the drape 106 to form the sealed space 118. If
not already applied (pre-installed on the drape 106), the reduced-pressure interface 120 is
fluidly coupled to the sealed space 118 and to the reduced-pressure delivery conduit 124.
Reduced pressure is delivered through the reduced-pressure delivery conduit 124 to the sealed
space for reduced-pressure treatment or fluid removal. During application of the drape 106,
one may observe if too much force has been applied by evaluating the drape 106 color or other
visual appearances. For example, the drape 106, and specifically the H-PDLC device 108,
experiences a red shift, a blue shift, a polarization change, light intensity change, or another
visual change if strained beyond a threshold. When reduced pressure is applied, stress may be
applied to the drape 106 by the action of the reduced pressure resulting in a strain, and in

response, the drape 106 may change color or further change color or other visual appearances.
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[0045] When drape 106 is used as a dressing, an optional absorbent layer or other
wound-filler material may be placed proximate to the tissue site 102. The drape 106 is then
used to cover the tissue site and the optional absorbent layer or other material if used. As
before, if the dressing is applied with stretching of the drape 106 beyond a threshold, the
visual appearance of the drape 106 will change. For example, the drape 106, and specifically
the H-PDLC device 108, experiences a red shift or blue shift or a polarization change or
another visual change. In addition, if during use, the dressing is stretched more than a
threshold, e.g., five percent or ten percent, the drape 106 will change visual appearance.

[0046] The H-PDIL.C device 108 and other devices using H-PDIL.C will now be
presented. In general terms, the H-PDLC device 108 or other devices herein include layers of
liquid crystal (1.C) droplets in a polymer matrix and may be used as a reflective strain gauge or
detector. Strain is observed by a change in the nature of the light reflected or transmitted from
the surface of an H-PDLC-containing film. Layers of the H-PDLC film may be positioned in
a device such that a force applied to the film changes the wavelength of the reflected light.
This is achieved when the applied strain causes the distance between the L.C layers to expand
or contract. The change in wavelength may be a blue shift or a red shift depending on
expansion or contraction. Other embodiments may involve a change in polarization.

[0047] The H-PDLC film has a reflection or transmission grating capable of
reflecting or transmitting light of a selected wavelength. The H-PDLC film may include a
means for adhering the H-PDLC film to a surface of a polymer layer of the drape (e.g., drape
106 in FIG. 1) or other device (e.g., pressure-indicating devices 814, 820, 822, 824 (FIG. 14);
pressure-indicating device 914 (FIG. 15); or pressure-indicating device 1009 (FIGS. 16-17))
for monitoring the strain at the surface or at a particular site. The H-PDLC film may also be
laminated within polymer layers or otherwise included in the drape or other devices. For
pressure-indicating devices, the H-PDLC may cover a window and may be coupled to a
polymer layer as needed to create a desired tensile strength.

[0048] Referring now primarily to FIGURE 3, an illustrative embodiment of an H-
PDLC film 200 is presented such as forms the H-PDLC device 108 of FIGURES 1 and 2 and
other embodiments herein. The H-PDLC film 200 includes a reflection grating capable of
reflecting light of a selected wavelength. As used herein, "reflection grating" means a periodic

array of liquid crystal (LLC) droplet planes having an orientation and layer spacing sufficient to
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reflect light of a selected wavelength that is incident on the surface of the grating. The strain
experienced by the drape or other device in which the H-PDLC film 200 is included or
attached is transmitted to the H-PDLC film 200. In response, the H-PDLC film 200 alters the
reflective light properties of the H-PDLC film 200.

[0049] The change in the reflective light properties of the H-PDLC film 200 is
representative of, and proportional to, the strain experienced by the drape or other device. The
change in the light reflective properties may be in the intensity of the reflected light, e.g., an
"on-off" modality, or it may be in the wavelength of the reflected light, e.g., a wavelength
shift. The change in the reflected light may be observed visually in those cases where the shift
is dramatic enough to be observed by the human eye. Alternatively, the strain in the drape or
other device may be observed instrumentally by monitoring the intensity of the reflected light
using a photodiode, observing a wavelength shift using a spectrometer or other suitable
instrument, or by observing a polarization-dependent shift in the reflected light by
incorporating an analyzer between the H-PDLC film 200 and the detector.

[0050] H-PDLC films are phase-separated compositions formed under holographic
conditions. Instead of random arrangement of LC droplets, holographic exposure induces a
periodic array of L.C droplets and matrix polymer planes, as shown in FIGURES 4A and 4B.
Upon illumination with holographic light, the monomer diffuses to highlight intensity regions
where the monomer polymerizes. The liquid crystal remains in the dark regions and phase
separates into small droplets 302 on the order of nanometers, e.g., 10-200 nm, in ordered,
stratified layers 304. The actual phase-separated morphology varies dependent upon the
particular liquid crystal and the relative composition of the liquid crystal and matrix polymer
306 used. For lower liquid crystal concentrations, spherical or ellipsoidal L.C droplets are
localized in stratified layers and are completely surrounded by matrix polymer 306. At higher
liquid crystal concentrations, connectivity between the L.C droplets may be observed.
Morphology of the resultant composition also depends on the polymer (composition,
molecular weight, or other variables). For example, higher molecular weight polymers tend to
favor phase-separation.

[0051] If the refractive index of the 1.C droplet planes or stratified layers 304 (n;c) is
different from that of the matrix polymer 306 planes (np), light of a specific wavelength is

reflected by the periodic modulation in the refractive index, which is illustrated in the left
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portion of FIGURE 4A. If ni ¢ is equal to n,, the periodic refractive index modulation
disappears and the incident light is transmitted through, as is illustrated in the right portion of
FIGURE 4A. The resulting optical interference pattern reflects at the Bragg wavelength, A= 2
*n * d * sin 0, where n is the index of refraction, 6 is the angle between the substrate and
viewing direction, and d is the spacing between the L.C layers. The interference pattern can be
selected to form Bragg gratings that can reflect any visible light. The reflection intensity is
determined by the effective refractive index of the LC droplet planes. The Bragg reflection
occurs in either the reflection mode (FIG. 4A) or diffraction mode (FIG. 4B) depending on the
orientation of the Bragg grating. This, in turn, is dependent upon the beam geometry during
phase separation.

[0052] It is understood that in instances where reference is made to reflection gratings,
a transmission grating may be used. As used herein, "transmission grating" is a periodic array
of LC droplet planes having an orientation and layer spacing sufficient to diffract light and to
transmit light of a selected wavelength. In those instances it is desirable that the device (e.g.,
pressure-indicator) be translucent so that changes in the transmitted light are observable.

[0053] The adhesive that may be used to couple the H-PDLC film to other portions of
the drape may be any material which forms a surface conforming bond between two
substrates. The adhesive desirably transfers strain from the drape to the H-PDLC film to
thereby deform the film with the resultant change in reflected light. The adhesive should be
sufficiently compliant so that the adhesive does not interfere with the transmission of strain
from the surface of the other drape components or device components to the H-PDLC film.
The desired materials properties for an adhesive include a low elastic modulus, a high yield
strength, high adhesion, and a high coefficient of friction, i.e., the interfaces between the
adhesive and device and between the adhesive and H-PDLC film do not slip. The adhesive
also may be relatively temperature-insensitive, that is, the adhesive may possess a low thermal
expansion co-efficient and may be largely unaffected by water (moisture-insensitive) for those
applications where the gauge is to be used outdoors, in moist environments, or in temperature
extremes. As previously noted, in the alternative, the H-PDLC may be sandwiched between
polymer layers.

[0054] Turning again primarily to FIGURE 3 and to FIGURES 4A-4B, the structure
and operation of the H-PDLC film 200, or reflective strain gauge, is further described. The H-
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PDLC film 200 is coupled to the first side 202 of a polymer layer 204 of a drape 206 (or
device). The H-PDLC film 200 may be coupled using an adhesive layer 208. The H-PDLC
film 200 has liquid crystal (L.C) layers 210 in a matrix polymer 212. The stratified
arrangement of LC layers 210 in the matrix polymer 212 gives rise to a reflection grating that
reflects a particular wavelength of light. The exact wavelength is determined by the size of the
spacing between the LC layers 210, indicated by dimension 214. The liquid crystal layers 210
are shown in FIGURE 3 at an orientation substantially parallel to the drape 206 (or device).
The LC layers 210, however, may have any desired orientation and may be located, for
example, perpendicular to or at any other intermediate angle with respect to the polymer layer
204. The H-PDLC film 200 may be any conventional film capable of reflection of a selected
wavelength of light. It should be understood that the number of L.C layers 210 is shown
schematically and any number of layers may be used in the H-PDLC film 200. For the
purposes of simplicity, only a few layers are shown.

[0055] The shift in wavelength with strain is a function of the extent of d-spacing
contraction or expansion of the L.C layers 210. Tor a tensile stress applied along the length of
the H-PDLC film 200 and the L.C layers 210 as are shown in FIGURE 5, the d-space
contraction may be quantified to a first approximation by dL./L=-vdW/W, where L is the
sample length in the direction of pulling, W is the width of the sample perpendicular to
pulling, and v is Poisson's ratio. Poisson's ratio may have a value between -1 and +0.5.
Typical values for polymeric materials lie in the range of 0.3-0.5. Since the peak reflected
wavelength of an H-PDLC film 200 is related to the spacing between LC layers 210, the
percent change in film thickness of the sample is equal to the percent change in wavelength.
Thus, dL/L=-vd\/}.

[0056] Referring now primarily to FIGURES 5-7, the figures illustrate the basis for the
observed wavelength shift in the H-PDLC films 200. Referring initially to FIGURE 5, in the
unstrained state, the liquid crystal (L.C) layers 210 have a spacing "d" indicated by dimension
214. Light 216 incident on the H-PDLC film 200 is reflected at a wavelength A; that is
representative of the d-spacing of the LC layers 210 based on the Bragg equation: A=2 *n *d
* sin 0.

[0057] Referring now primarily to FIGURE 6, when the drape or device on which the

H-PDLC film 200 is attached is strained, such as by application of a tensile force as indicated
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by large arrows 218, the strain is transmitted through the drape or device into the H-PDLC
film 200. In some devices, a pressurized gas may act directly on the H-PDLC film 200, e.g.,
when covering a non-conformable window frame such as that shown in FIGURE 14. The
strain may be applied when, for example, a reduced pressure is applied to the sealed space,
when the patient moves, when the drape is applied, when a positive pressure applied with the
installation of a fluid, or other circumstances.

[0058] Under the tensile force 218, the H-PDLC film 200 is stretched and the film
thickness contracts, with a corresponding contraction of the L.C layers 210. As a result, the H-
PDLC film 200 develops a new d-spacing indicated by dimension 220. The new d-spacing
220) gives rise to reflection of light of a different wavelength A,. With a contraction of the d-
spacing, a shift of the reflected light towards the blue region in the visible spectrum (blue
shift) is observed for the same viewing angle.

[0059] Referring now primarily to FIGURE 7, a compressive force, indicated by large
arrows 222, is applied to the H-PDLC film 200. The compressive force 222 may also give rise
to a new d-spacing indicated by dimension 224 and resulting in a blue shift in the reflected
light. Thus, H-PDLC films 200 may also be used in pressure-sensing devices. If the H-PDLC
film 200 is suspended, as in a window, the compressive force may stretch as well as compress
the LC layers 210.

[0060] Referring now primarily to FIGURES 8 and 9, the figures illustrate
circumstances in which the LC layers 210 may be expanded rather than contracted upon
application of a tensile force. In FIGURE 8, the LC layers 210 have a vertical orientation vis-
a-vis the tensile force 218. The tensile force 218 urges the LC layers 210 outward and may
give rise to an expansion of the d-spacing 226 between LC layers 210. The expansion
between L.C layers 210 results in a shift to higher wavelengths, i.e., a red shift. The H-PDLC
film 200 is, thus, set up in a transmission mode due to the perpendicular orientation of the L.C
layers 210. The transmitted light, however, would experience the same wavelength shift as
described above for reflected light. As in the reflection mode, the wavelength shift is
proportional to strain experienced in the drape or device.

[0061] Referring now primarily to FIGURE 9, the L.C layers 210 are not in alignment
with or orthogonal to the direction of the applied tensile force 218. The tensile force 218 is

applied at an angle 0 with respect to the LC layers 210, where 0 is the angle between the
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vectors of the applied force 218 and the L.C layers 210. The change in d-spacing represented
by dimension 228 (and the resultant wavelength) is non-linear. The response of the L.C layers
210 to the applied force is complex because both a compressive and tensile component are

present.
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[0062] At low 6, deformation is due primarily to Poisson contraction, and the
fractional wavelength shift is approximately one-half the strain in the sample. At high 0, the
fractional shift is approximately equal to the strain and is therefore more sensitive. It may,
however, be more difficult to measure a shift in wavelength reflection under these conditions.
At some intermediate angle and for a given stress vector, the red shift due to stretching of the
LC layers 210 will be somewhat balanced by the blue shift due to Poisson-type contraction
and an H-PDLC film 200 may be obtained that is substantially insensitive to stress in one
direction. A wavelength shift may then be observed, but only in a direction substantially
orthogonal to that which is stress-insensitive (a blue-shift would occur due to LC layer
contraction). The differing sensitivities of the H-PDLC film 200 to stress in different
directions permit the design of H-PDLC films 200 in which the direction, as well as the
magnitude, of strain may be determined.

[0063] Information regarding orientation of the L.C layer 210 is useful in determining
not only the existence of strain but its directionality. As discussed herein, the directionality of
the applied stress and the orientation of the LC layers 210 can result in either a contraction,
expansion or no change of the L.C layer spacings (dimensions) 214, 220, 224, 226, 228.
Moreover, some L.C layer 210 orientations are more sensitive than others to contraction or
expansion of the d-spacing. This can provide valuable information as to the forces
experienced by the drape or device.

[0064] It may be additionally possible to identify where on the drape or device surface
the stress is experienced. For example, if the strain is experienced locally on the surface of the
drape, only a subsection of the H-PDLC film 200 associated with the drape or device surface
would be subjected to the tensile or pressure forces which alter the reflection properties of the
H-PDLC film 200. By observing the region of the H-PDLC film 200 undergoing a
wavelength shift or change in visual appearance, the strain site may be identified.

[0065] In those circumstance where the material characteristics of the H-PDLC film
200 are well documented, quantitative as well as qualitative information regarding strain may
be obtained. For a polymer film in tension, the applied force (stress) may be proportional to
strain and may be related to the strain experienced in the drape or device. For small
deformations (i.e., less than 10% strain), the engineering stress may be defined by the

following: stressene = E* straine,g, where E is Young's modulus. For larger strains, a more
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accurate relationship may be defined by the following: stressgue = Stresseng(1+straingyg)=E *
StraiNgye, where straing,. =In(1+straine,e). Note that this permits determination of the stress
(and strain) in the H-PDLC film 200, which may not be the same as the stresses in the drape or
device.

[0066] Uniaxial extension of a reflective H-PDLC film not only shifts the reflected
wavelength, it also introduces a polarization dependence onto the observed reflected light.
Polarization is manifested in differences in peak reflected wavelength and in the reflection
efficiency for light polarized parallel (pi) and perpendicular (sigma) to the tensile axis. The
polarization effect arises when the stresses on the film are sufficient to deform the L.C droplets
into prolate ellipsoids with the long axis aligned parallel to the tensile axis. The most
energetically favorable droplet configuration for a prolate ellipsoid for homogeneous
anchoring of the LC to the polymer is bipolar, with the symmetry axis of the droplet parallel to
the long axis. For small strains, e.g., less than 3%, the polarization effect is slight. At higher
strains, however, molecular orientation of the L.C droplets occurs in addition to the d-spacing
contraction previously discussed. The strain regime which is most likely to be monitored by
the film is in the range of 1-20%, and so the polarization effect is likely to be observed and to
be a factor in interpreting the information obtainable from the film.

[0067] For an L.C with a positive birefringence, the refractive index of the LC droplet
is greater parallel to the symmetry axis than perpendicular. In the unstrained state, the
symmetry axes of the droplets are oriented randomly throughout the film and the modulation
of the refractive index through the film is the same both parallel and perpendicular to the
tensile axis. In the strained state, the alignment of the droplets means that the average
refractive index and the index amplitude modulation are greater parallel to the tensile axis than
perpendicular. The difference in profiles accounts for both the peak wavelength being lower
for light polarized perpendicular and the lower reflection efficiencies for the sigma-polarized
state.

[0068] In the sigma-polarization state, the change in refractive index is small because
the average refractive index of the droplets is closer to the ordinary refractive index, n,, and
therefore more closely matches the polymer (n,=n,). In the pi-state, the refractive index is
weighted more towards the extraordinary refractive index, n., and the average refractive index

is higher, thus increasing the optical path length between planes relative to the sigma state and
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increasing the peak reflected wavelength. In the pi-state, the amplitude of the refractive index
modulation is also greater, resulting in greater efficiencies than the sigma-state.

[0069] Referring now primarily to FIGURE 10, an H-PDLC film 400 may include a
polarization-dependent H-PDLC film as described above. In matrices where ny=n,, sigma-
polarized light is transmitted through the film, while pi-polarized light is reflected. Use of
polarized light provides an H-PDLC film, or visual strain gauge, with an "on-off" indicator for
surface strain, as compared to the "blue-green" indicator (or the like) for non-polarized H-
PDLC films. By way of example, the H-PDLC film 400 may have an average refractive index
very close to that of the matrix polymer in the unstrained state and an average refractive index
approaching n. in the strained state. Because of the similarity of the refractive indices, no
reflection grating is perceived by incident light in the unstrained state and light is transmitted
through the H-PDLC film 400.

[0070] When the H-PDLC film 400 is stressed, however, the H-PDLC film 400
deforms and the LC droplets molecularly orient to form polarized droplets having a higher
refractive index than the surrounding matrix polymer. And, the reflection grating suddenly
forms which reflects light of the selected wavelength. If the sample is illuminated with sigma-
polarized light (arrow 402) as shown on the left-hand portion (for the orientation shown) of
FIGURE 10, no reflection is observed. If the light is illuminated with pi-polarized light (arrow
404) as shown on the right-hand portion (for the orientation shown) of FIG. 10, a reflection is
observed. Monitoring for an on-off indication may be easier in some circumstances than
monitoring for a colorshift.

[0071] Polarization-dependent light reflection provides additional advantages, such as
increased reflection efficiency, and provides information on the directionality of the strain.
Information regarding strain directionality may be obtained even if there is no discernible
wavelength shift of the reflected light. For example, a film such as that shown in FIGURE 9
may have LC planes at an angle 0 that is stress-insensitive, that is, the d-spacing remains
unchanged when stressed. Even so, the L.C droplets may respond by aligning with the applied
stress. Molecular alignment may be observed by scanning the film with a polarizer and noting
the angles of increased intensity.

[0072] In addition, polarized H-PDLC films 400 formed by stretching could be used to

form polarization gratings. When unpolarized light illuminates the polarized H-PDLC films
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400, sigma-polarized light will pass through the film without deflection, while pi-polarized
light is reflected. Thus, only sigma-polarized light can pass through the film and can thereby
serve as a polarizing light filter. This may be more useful on windows of devices, e.g., non-
conformable window 916 (FIG. 15).

[0073] In some embodiments, the H-PDLC film includes aspected particles made up of
the H-PDLC materials randomly dispersed in a supporting polymer which may be the same as
that used in the H-PDLC aspected particles, or different. The matrix should, however, exhibit
the desired response to applied strain; that is, it should be elastic, have high yield strength and
a high strain tolerance to avoid failure under the anticipated use conditions. The aspected
particles contain at least one dimension which is large with respect to the remaining
dimension(s). Due to the aspected nature of the particles, the particles will rotate or otherwise
orient themselves under an applied force so that the particles are aligned. The greater the
aspect ratio, the greater the alignment force. In one illustrative embodiment, the aspect ratio
(dimension of the long to short dimensions) of the H-PDLC particles is preferably at least 2:1,
more preferably at least 4:1, more preferably at least 10:1 and preferable at least 20:1.

[0074] Referring now primarily to FIGURE 11A, an H-PDLC film 500 made up of
aspected H-PDLC particles 502 in the unstrained state is depicted. The particles 502 are
randomly distributed throughout a polymer matrix 504 with no preferred direction of
orientation. As a result, the incident light is reflected back to the observer at various angles
and the visual effect is indistinct. Under an applied force indicated by arrows 506 in FIGURE
11B, the particles 502 orient due to torque on the rod-like particles and the reflected image
becomes more intense. The sudden increase in color sharpness and brightness is an indication
that the surface of the drape or device has been stressed.

[0075] In another embodiment, an H-PDLC film is provided which contains two or
more reflection gratings. By using more than one reflection grating, information regarding the
tensor or location of strain is provided. The reflection gratings may be located in different H-
PDLC films that are layered to form a multilayer H-PDLC film. Alternatively, the reflection
gratings may be located within the same film, either by being written into the same portion of
the film (overlapping), or by forming different gratings in different and non-overlapping

regions of the same film.
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[0076] In some embodiments, the multiple reflection gratings may have the same d-
spacing, yet differ from one another by the orientation of the gratings with respect to the drape
or device surface. As described above in FIGURE 9, the response of the grating to an applied
force depends upon the relationship between the two, which is defined by the angle 0. In some
instances, LC layers may be strain-insensitive in certain directions, and so directionality of the
applied force may be determined. A single H-PDLC film may include a plurality of gratings
at different angles, so that a strain response may be observed by at least one grating in any
direction. This increases the useful operation range of the H-PDLC film as well as provides
valuable information regarding the tensor of the applied stress. When the gratings reflect at
different wavelengths (colors), then the observed, reflected wavelength may be attributed to
the appropriate grating and the directionality of the stress is known.

[0077] In other embodiments, the H-PDLC film may include films having reflection
gratings of different d-spacings, which are capable of reflecting light of different wavelengths.
The reflection gratings may be oriented to respond to stress applied in different directions.
Depending upon which reflection grating exhibited a shift in reflected wavelength (or
demonstrated an "on-off" shift or a polarization shift in the case of polarized films), the H-
PDLC film indicates the direction of the applied stress. It may also be possible to arrange the
layers such that one reflection grating shifts red under the applied strain, while a second layer
shifts blue.

[0078] A multi-layer example is provided in FIGURE 12. Referring primarily to
FIGURE 12, an H-PDLC film 600 has a first H-PDLC layer 602 and a second H-PDLC layer
604. FEach H-PDLC layer 602, 604 is made up of a reflection grating at a different orientation
with respect to the first surface 606 of the drape or device 608. The first H-PDLC film 602
may include a reflection grating having LC layers at a first angle 0; (shown as layers sloping
downward and into the plane of the paper) to the surface or side 606 and having a d-spacing to
reflect red light. The second H-PDLC film 604, for example, may include a reflection grating
having LC layers at a second angle 0, to the first surface 606 and having a d-spacing to reflect
green light. Each LC layer is stress-insensitive to a different stress vector. Thus, each layer
reflects light of a different wavelength and will respond with a shift in their reflection profile

when subjected to strains in different directions. As stated above, the different reflection
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gratings need not be found in different layers. The reflection gratings may be positioned in the

same film.
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[0079] The H-PDLC first layer 602, for example, may be stretched along the length of
the LC planes (denoted by large arrow 610). When the drape or device 608 experiences a
stress along this axis, the d-spacings of the first H-PDLC layer 602 contract and a blue shift of
the red reflecting light 612 occurs. When observing light reflection at the angle defined for
first H-PDLC layer 602 a strong shift in the reflected light is observed. The second H-PDLC
layer 604, however, is stress-insensitive and light reflecting from it does not shift in
wavelength. In contrast, when the first H-PDLC layer 602 is subjected to a stress along the
direction noted by arrow 614, no net change of the L.C layer spacing occurs and no shift in the
reflected light is observed. The second H-PDLC layer 604, however, is greatly effected by
this stress vector and a change in the reflected light 616 is observed.

[0080] Multiple grating films may be prepared by exposing an H-PDLC precursor film
to a plurality of interfering photopolymerizing interference patterns. Each interference pattern
results in a reflection grating having characteristic LC plane orientation and d-spacing. These
are only some illustrative embodiments for the H-PDLC device.

[0081] FIGURES 1-2 present two illustrative embodiments involving the H-PDLC
device 108 in a drape 106, but other devices and approaches may be used. For example, the
H-PDLC device may be used in a window that is installed in the drape. For example, referring
now primarily to FIGURE 13, an illustrative embodiment of a drape 700 that may be used as
an aspect of a reduced-pressure system, such as the reduced-pressure treatment system 100 of
FIGURE 1, is presented. In this embodiment, the drape 700 includes a pressure-indicating
device 702, or pressure-indicating sensor. The pressure-indicating device 702 includes a non-
conformable window frame 704 over which an H-PDLC device or film 706 has been applied.
The H-PDLC device or film 706 may include an H-PDLC device of the type previously
discussed. Optionally, additional polymer layers may be added to adjust the tensile strength of
the H-PDLC device 706. The pressure-indicating device 702 on the drape 700 functions as a
pressure sensor for a sealed space, such as sealed space 118 in FIG. 1, created in part by the
drape 700.

[0082] Thus, when reduced pressure is applied to the sealed space, the pressure
differential across (the greater pressure on the side opposite the patient-facing side) the drape
700 causes the drape 700 to experience stress that causes strain. The resultant strain changes

the visual appearance of the H-PDLC device 706. In this way, the application of reduced
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pressure may be confirmed. Similarly, a second, analogous pressure-indicating device (not
explicitly shown but analogous to pressure-indicating device 702) may be applied to the drape
700 to indicate positive pressure in the sealed space (greater pressure on the patient-facing
side). For example, when a fluid, e.g., a saline wash or liquid medicine, is inserted into the
sealed space, the second window experiences a positive pressure on the patient-facing side.
When a sufficient amount of the fluid has been introduced, the pressure increases, and the
pressure causes a change in the visual appearance of the pressure-indicating device. Thus, the
drape 700 may optionally include two or more pressure-indicating devices for measuring
reduced pressure and positive pressure or for indicating different pressure ranges of positive
pressure or negative pressure.

[0083] A plurality of pressure-indicating devices may be used with each having a
different pressure threshold at which the visual appearance changes. In this way, the
approximate pressure in the sealed space may be indicated.

[0084] Referring now primarily to FIGURE 14, a canister 800 for receiving body
fluids from a patient is presented. The canister 800 may be used as part of a reduced-pressure
treatment system, such as the reduced-pressure treatment system 100 of FIG. 1. The canister
800 has a canister body 802 formed with a fluid reservoir 804 (shown in hidden lines). The
canister 800 includes an inlet 806 for receiving a first reduced-pressure delivery conduit 808
from a tissue site (e.g., tissue site 102 in FIG. 1). Reduced pressure may be developed within
the canister body 802 or may be delivered through a suction inlet 810 that is coupled to a
second reduced-pressure delivery conduit 812.

[0085] At least one pressure-indicating device 814 is included on the canister 800 with
fluid access to the fluid reservoir 804. The pressure-indicating device 814 includes a non-
conformable window frame 816 that is coupled to the canister body 802. The non-
conformable window frame 816 is covered by a holographically-formed polymer dispersed
liquid crystal (H-PDLC) device 818 of the type previously described. The H-PDLC device
818 of the pressure-indicating device 814 changes visual appearances when experiencing
strain caused by reduced pressure (or alternatively positive pressure) within the fluid reservoir
804. The visual appearance occurs when the pressure is within a first range. The strain may
be optionally correlated with reduced-pressure ranges in the fluid reservoir 804 to provide a

specific range indication corresponding to visual indicia §26.
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[0086] A plurality of pressure-indicating devices, e.g., pressure-indicating devices 814,
820, 822, 824, may be included on the canister 800. The plurality pressure-indicating devices
includes at least two devices, and the pressure-indicating devices change visual appearances
for strains of different ranges. In the embodiment of FIGURE 14, four pressure-indicating
devices are included with each being activated (i.e., changing visual appearance) over a
different pressure range. Thus, for example, the first pressure-indicating device 814 changes
visual appearance when the reduced pressure in the fluid reservoir 804 is in the range of -90 to
-100 mm Hg. The second pressure-indicating device 820 changes visual appearance when
experiencing pressure in the range of -100 to -110 mm Hg. The third pressure-indicating
device 822 changes visual appearance when experiencing pressure in the range of -110 to -120
mm Hg. The fourth pressure-indicating device 824 changes visual appearance when
experiencing pressure in the range of -120 to -130 mm Hg.

[0087] In another illustrative embodiment, the non-conformable window frame 816
may itself be in the shape of visual indicia indicating a pressure range associated with the
magnitude of strain that causes holographically-formed polymer dispersed liquid crystal (H-
PDLC) device for that window to change colors. For example, the window frame itself may
form the letters “-100/-110 mm Hg.” When a strain indicative of that pressure range is
reached, the color (or other visual appearance) of the H-PDLC device visible through the
letters changes.

[0088] Referring now primarily to FIGURE 15, a conduit connector 900 is presented.
The conduit connector 900 may used to connect a first medical conduit 902 and a second
medical conduit 904 while providing some pressure information. For example, the conduit
connector 900 may be used to connect the two portions or segments of the reduced-pressure
delivery conduit 124 in FIGURE 1 and used as part of a reduced-pressure treatment system,
such as the reduced-pressure treatment system 100 in FIGURE 1.

[0089] The conduit connector 900 includes a connector body 906. The connector body
906 has a chamber 908. The chamber 908 has an inlet 910 for receiving and coupling with the
first medical conduit 902 and an outlet 912 for receiving and coupling with the second medical
conduit 904. A pressure-indicating device 914 is formed on the connector body 906. The

pressure-indicating device 914 comprises a non-conformable window frame 916 covered with
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a holographically-formed polymer dispersed liquid crystal (H-PDLC) device 918 of the type
previously described.

[0090] The conduit connector 900 may be used with a reduced-pressure treatment
system to provide a visual indication of reduced pressure existing within the reduced-pressure
delivery conduit or medical conduits 902, 904. When reduced pressure is present, the reduced
pressure is fluidly communicated to the chamber 908 and will cause a pressure differential
across the H-PDLC device 918 that places a stress on the H-PDLC device 918. The stress in
turn causes a strain to be experienced by the H-PDLC device 918 that changes the visual
appearance of the H-PDLC device 918. The change in visual appearances thereby indicates
the presence of reduced pressure. The H-PDLC device 918 may be calibrated to change to a
particular visual appearance, e.g., a certain color, when the reduced pressure is in a desired
pressure range.

[0091] Referring now primarily to FIGURE 16, a reduced-pressure interface 1000 for
providing reduced pressure through a drape 1002 to a tissue site 1004 is presented. The
reduced-pressure interface 1000 may be used as part of a reduced-pressure treatment system,
e.g., the reduced-pressure treatment system 100 of FIGURE 1. The drape 1002 covers a
distribution manifold 1006 and forms a sealed space 1008. The reduced-pressure interface
1000 includes a pressure-indicating device 1009 for providing a visual indication of the
presence of reduced pressure in the sealed space 1008 or a positive pressure in the sealed space
1008. The pressure-indicating device may be calibrated to indicate a particular pressure range.

[0092] The reduced-pressure interface 1000 includes an interface body 1010. The
interface body 1010 has a base 1012 and a suction head 1014. The suction head 1014 includes
a conduit opening 1016 for fluidly coupling to a reduced-pressure delivery conduit 1018 and a
delivery opening 1020 for communicating reduced pressure to the tissue site 1004. A
passageway 1019 in the interface body 1010 fluidly couples the conduit opening 1016 and the
delivery opening 1020.

[0093] At least a portion of the interface body 1010 includes a pressure-indicating
device 1009. The pressure-indicating device 1009 comprises a holographically-formed
polymer dispersed liquid crystal (H-PDLC) device 1022 of the type previously described
having layers of liquid crystal (LLC) droplets in a matrix polymer. The H-PDLC device 1022
may be attached to a polymer layer 1024 or sandwiched by polymer layers 1024, 1026. The
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pressure-indicating device 1009 includes an aperture or non-conforming window 1028 formed
in the base 1012 that is covered by the holographically-formed polymer dispersed liquid
crystal (H-PDLC) device 1022. An aperture 1030 corresponding to and aligned with pressure-
indicating device 1009 may be formed in the drape 1002 to provide fluid communication
between the sealed space 1008 and the H-PDLC device 1022 (or the polymer layer 1026
adjacent to the H-PDLC device 1022). Thus, the pressure in the sealed space 1008 is
communicated to the H-PDLC device 1022.

[0094] In operation, the distribution manifold 1006 is placed proximate to the tissue
site 1004 and covered by the drape 1002 to form the sealed space 1008. The reduced-pressure
interface 1000 may be pre-installed (installed before use) on the drape 1002 or attached at the
time of use. An aperture 1032 is formed in the drape 1002 and the delivery opening 1020 is
positioned over the aperture 1032. The reduced-pressure interface 1000 includes an adhesive
or other attachment device on a patient-facing side 1034 that attaches the reduced-pressure
interface 1000 to a first side 1036 of the drape 1002. The reduced-pressure delivery conduit
1018 is fluidly coupled to the conduit opening 1016. Reduced pressure is supplied to the
sealed space 1008.

[0095] As sufficient reduced pressure enters the sealed space 1008, the reduced
pressure is communicated to the pressure-indicating device 1009. The H-PDLC device 1022
in the pressure-indicating device 1009 experiences a stress from the pressure. Once the
resultant strain caused by the stress reaches a calibrated range for the H-PDLC device 1022
(i.e., is greater than a threshold pressure), the H-PDLC device 1022 changes visual
appearance. The visual appearance may indicate merely the existence of reduced pressure
beyond the threshold pressure or may designate a precise reduced pressure range.

[0096] Referring now primarily to FIGURE 17, another illustrative embodiment of a
reduced-pressure interface 1000 is presented. The reduced-pressure interface 1000 is
analogous in most respects to the reduced-pressure interface 1000 of FIGURE 16. Thus, the
reduced-pressure interface 1000 includes an interface body 1010 having a base 1012, a suction
head 1014, and a passageway 1019. In this embodiment, however, the suction head 1014
includes an assessment chamber 1038 having a chamber wall 1040.

[0097] The pressure-indicating device 1009 is formed on the chamber wall 1040. An

aperture, or window 1042, is formed on the chamber wall 1040. The window 1042 is covered
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with a holographically-formed polymer dispersed liquid crystal (H-PDLC) device 1022 of the
type previously described to form the pressure-indicating device 1009. The H-PDLC device
1022 may be attached to a polymer layer or sandwiched by polymer layers. Reduced pressure
in the passageway 1019 between a conduit opening 1016 and a delivery opening 1020 is
fluidly coupled to the assessment chamber 1038 by an aperture 1044 in a passageway wall
1046 of the suction head 1014.

[0098] The reduced-pressure interface 1000 of FIGURE 17 is used analogously to the
reduced-pressure interface 1000 of FIGURE 16, except that the pressure-indicating device
1009 receives reduced pressure (or positive pressure) from the passageway 1019. The
passageway 1019 is fluidly coupled to a sealed space (e.g., sealed space 1008 of FIG. 16) over
the tissue site. The pressure-indicating device 1009 may indicate the existence of stress
caused by reduced pressure or by positive pressure when fluids are being delivered.

[0099] According to another illustrative embodiment, a method for treating a wound
includes preparing the wound and covering the wound with a drape. Preparing the wound may
be include cleaning the wound and applying a medicament, such as an antibiotic. The drape
comprises a holographically-formed polymer dispersed liquid crystal (H-PDLC) device of the
type previously described having layers of liquid crystal (L.C) droplets in a matrix polymer.
The drape is configured to change visual appearance when subjected to a strain greater than a
threshold strain. The method further includes confirming that that the drape has not
experienced a change in visual appearance indicative of a strain greater than the threshold
strain. The method may also include disposing a wound filler on the wound. The wound filler
may be any substance for wicking fluids away from the wound or alternatively or additionally
providing moisture to the wound. Example of wound fillers include, without limitation, foam,
gauze, hydrocolloid, or felted mat.

[00100] Although the present invention and its advantages have been disclosed
in the context of certain illustrative embodiments, it should be understood that various
changes, substitutions, permutations, and alterations can be made without departing from the
scope of the invention as defined by the appended claims. It will be appreciated that any
feature that is described in connection to any one embodiment may also be applicable to any

other embodiment.
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[00101] It will be understood that the benefits and advantages described above
may relate to one embodiment or may relate to several embodiments. It will further be
understood that reference to 'an' item refers to one or more of those items.

[00102] The steps of the methods described herein may be carried out in any
suitable order, or simultaneously where appropriate.

[00103] Where appropriate, aspects of any of the embodiments described above
may be combined with aspects of any of the other embodiments described to form further
examples having comparable or different properties and addressing the same or different
problems.

[00104] It will be understood that the above description of preferred
embodiments is given by way of example only and that various modifications may be made by
those skilled in the art. The above specification, examples and data provide a complete
description of the structure and use of exemplary embodiments of the invention. Although
various embodiments of the invention have been described above with a certain degree of
particularity, or with reference to one or more individual embodiments, those skilled in the art
could make numerous alterations to the disclosed embodiments without departing from the

scope of the claims.
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CLAIMS
We claim:

Claim 1. A reduced-pressure treatment system for treating a tissue site on a patient, the
system comprising:
5 a distribution manifold for disposing proximate to the tissue site;
a drape for covering the distribution manifold and a portion of the patient’s intact
skin to form a sealed space;

a reduced-pressure source fluidly coupled to the sealed space; and
a holographically-formed polymer dispersed liquid crystal (H-PDLC) device having

10 layers of liquid crystal (L.C) droplets in a matrix polymer, wherein the H-

PDLC device comprises at least a portion of the drape.

Claim 2. The system of claim 1, wherein the drape comprises a pressure-indicating
device, and wherein the pressure-indicating device comprises a window frame covered by

the holographically-formed polymer dispersed liquid crystal (H-PDLC) device.

15  Claim 3. The system of claim 1, wherein the drape comprises a plurality of pressure-
indicating devices, wherein each pressure-indicating device comprises a window frame
covered by the holographically-formed polymer dispersed liquid crystal (H-PDLC) device,
and wherein the pressure-indicating device is operable to change colors when a desired

pressure range in the sealed space exists.

20  Claim 4. The system of claim 1 or claim 2 or claim 3, wherein the drape comprises a
plurality of laminated polymer layers and wherein the holographically-formed polymer
dispersed liquid crystal (H-PDLC) device is disposed between at least two of the plurality

of laminated polymer layers.

Claim 5. The system of claim 4 or any of the preceding claims, further comprising a
25 reflective layer disposed on a tissue-facing side of the holographically-formed polymer
dispersed liquid crystal (H-PDLC) device to reflect light back through the holographically-
formed polymer dispersed liquid crystal (H-PDLC) device.
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Claim 6. The system of claim 1 or any of the preceding claims, wherein the
holographically-formed polymer dispersed liquid crystal (H-PDLC) device comprises a

plurality of strips on a polymer layer or between polymer layers.

Claim 7. The system of claim 1 or any of claims 2-5, wherein the holographically-
formed polymer dispersed liquid crystal (H-PDLC) device comprises a grid on a polymer

layer or between polymer layers.

Claim 8. The system of claim 6 or any of the preceding claims, wherein the drape has a
surface area A and wherein holographically-formed polymer dispersed liquid crystal (H-

PDLC) device covers 50 percent or less of A.
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Claim 9. A method for treating a tissue site on a patient with reduced pressure, the
method comprising:
disposing a distribution manifold proximate to the tissue site;
covering the distribution manifold and a portion of the patient’s intact skin with a
5 drape to form a sealed space, wherein the drape comprises a
holographically-formed polymer dispersed liquid crystal (H-PDLC) device;

delivering reduced pressure to the sealed space; and

monitoring the drape for any changes in visual appearance in the holographically-

formed polymer dispersed liquid crystal (H-PDLC) device due to strain.

10 Claim 10. The method of claim 9, wherein the step of monitoring comprises using a
photodiode, a spectrometer for observing a wavelength shift, or an analyzer for observing a

polarization-dependent shift in the reflected light.
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Claim 11. A dressing for covering a tissue site on a patient, the dressing comprising:
a drape for applying over the tissue site; and
wherein the drape comprises:
a holographically-formed polymer dispersed liquid crystal (H-PDLC) device
5 having layers of liquid crystal (LLC) droplets in a matrix polymer, and

an adhesive for removably coupling the drape to the patient’s skin.

Claim 12. The dressing of claim 11, wherein the drape comprises a pressure-indicating
device and wherein the pressure-indicating device comprises a window frame covered by

the holographically-formed polymer dispersed liquid crystal (H-PDLC) device.

10 Claim 13. The dressing of claim 11, wherein the drape comprises a plurality of pressure-
indicating devices, wherein each of the pressure-indicating devices comprises a window
covered by the the holographically-formed polymer dispersed liquid crystal (H-PDLC)
device, and wherein each of the plurality of pressure-indicating devices changes visual

appearances over a different pressure range.

15 Claim 14. The dressing of claim 11 or any of claims 12-13, wherein the drape comprises a
plurality of laminated polymer layers and wherein the holographically-formed polymer
dispersed liquid crystal (H-PDLC) device is disposed between at least two of the plurality

of laminated polymer layers.

Claim 15. The dressing of claim 11 or any of claims 12-14, wherein the holographically-
20 formed polymer dispersed liquid crystal (H-PDLC) device comprises a plurality of spaced

strips and wherein the spaced strips are disposed in or on a polymer layer of the drape.

Claim 16. The dressing of claim 11 or any of claims 12-14, wherein the holographically-
formed polymer dispersed liquid crystal (H-PDLC) device comprises a grid on a polymer

layer or between polymer layers.

25  Claim 17. The dressing of claim 11 or any of claims 12-16, wherein the drape has a
surface area A and wherein holographically-formed polymer dispersed liquid crystal (H-

PDLC) device covers 50 percent or less of A.
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Claim 18. A reduced-pressure interface for providing reduced pressure to a tissue site, the
reduced-pressure interface comprising:
an interface body having a base and a suction head;
wherein the suction head includes a conduit opening for coupling to a reduced-

5 pressure delivery conduit, a delivery opening for communicating reduced
pressure to the tissue site, and a passageway fluidly coupling the conduit
opening and the delivery opening; and

a holographically-formed polymer dispersed liquid crystal (H-PDLC) device having
layers of liquid crystal (L.C) droplets in a matrix polymer, wherein the H-

10 PDLC device comprises at least a portion of the interface body.

Claim 19. The reduced-pressure interface of claim 18, wherein a portion of the base of the
interface body comprises the holographically-formed polymer dispersed liquid crystal (H-
PDLC) device having layers of liquid crystal (LLC) droplets in a matrix polymer.

Claim 20. The reduced-pressure interface of claim 18, wherein a portion of the suction
15 head of the interface body comprises the holographically-formed polymer dispersed liquid
crystal (H-PDLC) device having layers of liquid crystal (L.C) droplets in a matrix polymer.

Claim 21. The reduced-pressure interface of claim 18, further comprising:
a chamber wall forming a chamber and having a window formed on the chamber
wall;
20 wherein the window is covered by the H-PDLC device to form a pressure-indicating
device; and
wherein the interface body is formed with a passageway having an aperture that

fluidly couples the passageway and the chamber.
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Claim 22. A canister for receiving body fluids, the canister comprising:

a canister body forming a fluid reservoir;

an inlet formed on the canister body for receiving a reduced-pressure delivery
conduit;

5 at least one pressure-indicating device formed on the canister body that is activated

to change visual appearances when experiencing strain within a first range;

a holographically-formed polymer dispersed liquid crystal (H-PDLC) device; and

wherein the pressure-indicating device comprises a window frame covered by the

H-PDLC device.

10 Claim 23. The canister of claim 22, further comprising a plurality of pressure-indicating
devices, wherein the at least one pressure-indicating device comprises at least one of the
plurality of pressure-indicating devices, and wherein at least two of the pressure-indicating
devices of the plurality of pressure-indicating devices change visual appearances for

strains of different magnitudes.

15  Claim 24. The canister of claim 22, wherein the pressure-indicating device forms a frame
in the shape of visual indicia indicating a pressure range associated with a magnitude of

strain over which the pressure-indicating device changes visual appearances.
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Claim 25. A conduit connector for connecting medical conduits, the conduit connector
comprising:
a connector body;
wherein the connector body comprises:
5 a chamber,

an inlet fluidly coupled to the chamber for receiving a first conduit, and
an outlet fluidly coupled to the chamber for receiving a second conduit; and

a pressure-indicating device formed on the connector body, wherein the pressure-
indicating device comprises a window frame covered by a holographically-

10 formed polymer dispersed liquid crystal (H-PDLC) device.

Claim 26. A method for treating a wound, the method comprises the steps of:

preparing the wound;

covering the wound with a drape, wherein drape comprises a holographically-
formed polymer dispersed liquid crystal (H-PDLC) device having layers of

15 liquid crystal (1.C) droplets in a matrix polymer and wherein the drape is

configured to change visual appearance when subjected to a strain greater
than a threshold strain; and

confirming that that the drape has not experienced a change in visual appearance

indicative of a strain greater than the threshold strain.

20  Claim 27. The method of claim 26, further comprising disposing a wound filler on the
wound.
Claim 28. The devices, systems, and methods described and disclosed herein.

36



PCT/US2012/043994

WO 2012/178161

1/10

AN

\

vcl

[ 'OI4




WO 2012/178161 PCT/US2012/043994

2/10

105 106

'
V///////////V

109
.................................... 108

130 / - 109
113 107 FIG. 2
%JZ
214\%1_5 t ’ﬁ\“210
210
? } :1:210

>200



WO 2012/178161 PCT/US2012/043994

3/10

3(32 @ﬁ @ 302
%)db@m@@@ @@@@@@

OOOOVD 3 OOOOO® | (W
@@@@@@ @@@@@@

302 302 @

FIG. 4A

302 @ @ 302
%)@@@@@@ @@@@@@

OOOOV®D 38 DODODO | (W
@@@@@@ @@@@@@

362 g % 3?)2 @ }04

FIG. 4B




WO 2012/178161

4/10

PCT/US2012/043994

FIG. 7

\ 216 A1 200
v A v
\\ //
218 N/ 218
\ /
& / /\_210‘£>
<210
214/*
FI1G. 5
\ 216 A2 200
v A v
\ /
\ /
218 \\// / 210
— <-210
220/f
FIG. 6
200
222\@ 2 @/222
210
* A
<210
224/*

218



WO 2012/178161

218

218

5/10

PCT/US2012/043994

200
226 4
210 | \ | 210 210
/ / /
v v v 218
FIG. 8
200
'/

V77 A*

228

FIG 9



WO 2012/178161 PCT/US2012/043994

6/10
402~ :/404 P
@ — /
|
400~ ¥ v/
e =5 o g
0
|
i
@ FIG. 10
v
. |\ A
o 2 y \
o\ X /0 AN X
Vo e v/ \ /\ \ //\
Vo - \ / \ / \ \ \
pal / \ / \ \
N TUX @ AN _
SO N =N
é 502% ®\ .
502 502 \\\

504 FIG. 11A



WO 2012/178161 PCT/US2012/043994

7/10
/
\ /4\\ VAN \ N A
\ / \ X /
\ /N \\/ /1 / \ /
500 \\ // NIWAN AN VA A/
\ \ \ / \\/ \//
L S
VA 502 /@ =
506 502 @ 506
/
504 FI1IG. 11B
\\/612 'Eoo
616 |
\\ \: N 602
\ I \ | \/
610 > i Y 610
s N L
\\\ :
\
604 |
\/ \ |
614 614
/| 6086
/

? 608 l

FIG. 12



WO 2012/178161 PCT/US2012/043994

8/10

ap, 810 806
(_—J__ H T h _L_ _5
t—)A 816 820 822 824 fﬁ-j—

—

e

R G

oottt | || [
-90,-100  -100,-110  -110,-120  -120,-130
mm Hg mm Hg mm Hg mm Hg

826




WO 2012/178161 PCT/US2012/043994

9/10

©
/—O
o
AN
©
o
o))

91
902 (

904

\:\
T
I

O k-
—
/o:'
)

‘ ©

—

N

O

|

|
-

A
[
[
[
<

1

‘CO

—

(0o}
—

——————7-

&

9

4




PCT/US2012/043994

WO 2012/178161

10/10

91 "DId




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/043994

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61M1/00 A61F13/00
ADD.

A61M27/00

GO1B11/16 GO1L1/24

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A6IM A61F GO1B GOIL

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y DE 10 2005 014420 Al (INMEDITEC 1-8,
MEDIZINTECHNIK GMBH [DE]) 11-21
28 September 2006 (2006-09-28)
paragraphs [0009], [0031] - [0034]
claims 2-4
figure 1
Y WO 01/92843 A2 (UNIV BROWN RES FOUND [US]; 1-8,
REVEO INC [US]) 11-2
6 December 2001 (2001-12-06)
page 11, line 6 - page 17, line 4
claim 1
figures 1-4, 9
Y US 2003/097100 Al (WATSON RICHARD [US]) 22-24
22 May 2003 (2003-05-22)
paragraphs [0033], [0044]
figure 1
- / -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

2 November 2012

Date of mailing of the international search report

13/11/2012

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Schlaug, Martin

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/043994

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

abstract

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 3 477 469 A (PALEY HYMAN W) 25
11 November 1969 (1969-11-11)
column 3, Tine 43 - column 4, line 17
figures 1, 6
A US 5 270 781 A (SINGH JAG J [US] ET AL) 1,11,18,
14 December 1993 (1993-12-14) 22,25
abstract
A US 3 872 050 A (BENTON WILLIAM J ET AL) 1,11,18,
18 March 1975 (1975-03-18) 22,25

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




International application No.
INTERNATIONAL SEARCH REPORT PLT/US2012/043994
BoxNo.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:

because they relate to subjec’:t mattér not r’equired to be searched by this Authority, namely:

see FURTHER INFORMATION sheet PCT/ISA/210

2. Izl Claims Nos.: 28

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




International Application No. PCT/ US2012/ 043994

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box II.1

Claims Nos.: 9, 10, 26, 27

A method method for treating a tissue site on a patient with reduced
pressure and a method for treating a wound are considered a method for
treatment of the human or animal body by therapy and / or surgery. The
subject matter of claims 9, 10 and 26, 27, respectively, was therefore
not searched (Article 17(2)(a)(i) /(ii) and Rule 39.1 (iv) PCT) and
consequently no opinion will be formulated on the subject matter of those
claims (Article 34(4)(a)(i) and Rule 67.1(iv) PCT).

Continuation of Box II.2

Claims Nos.: 28

The independent claim 28 does not contain any technical features, but
relies with respect to technical features entirely on references to the
description and drawings. This is contrary to the requirements of Rule
6.2 (a) PCT.

The applicant's attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guideline C-VI, 8.2),
should the problems which led to the Article 17(2) declaration be
overcome.




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2012/043994
Patent document Publication Patent family Publication

cited in search report date member(s) date

DE 102005014420 Al 28-09-2006 AT 547137 T 15-03-2012
DE 102005014420 Al 28-09-2006
EP 1863549 A2 12-12-2007
RU 2366462 (2 10-09-2009
US 2008281281 Al 13-11-2008
WO 2006100053 A2 28-09-2006

WO 0192843 A2 06-12-2001 AU 6514601 A 11-12-2001
W 559656 B 01-11-2003
US 6778236 Bl 17-08-2004
US 2005087021 Al 28-04-2005
WO 0192843 A2 06-12-2001

US 2003097100 Al 22-05-2003  US RE42834 El 11-10-2011
US 2003097100 Al 22-05-2003
US 2004167482 Al 26-08-2004

US 3477469 A 11-11-1969  NONE

US 5270781 A 14-12-1993  NONE

US 3872050 A 18-03-1975  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - wo-search-report
	Page 49 - wo-search-report
	Page 50 - wo-search-report
	Page 51 - wo-search-report
	Page 52 - wo-search-report

