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DESCRIPTION
IMAGING DRAPES, PACKAGING FOR DRAF’ES METHODS OF USE OF !MAGING

DRAPES, AND METHODS FOR DEPLOYING DRAPE
CROSS-REFERENCE TO RELATED APPLICATIONS
[0001]  This patent application claims the benefit of pricrity o U.S. Provisional
Application No. 62/669,009, filed on May 9, 2018, the entire content of which is
incorporated by reference herein.

TECHNICAL FIELD |
[0002]  The present disclosure relates to a drape for providing a portable imaging

environment in which ambient light is reduced or limited for fluorescent imaging of a
target within the portable imaging environment. The drape may be used with a portable,
handheld fluorescent-based imaging device. fhe drape may also be used with white-
light imaging and/or measuring devices and processes.

INTRODUCTION

[0003]  The section headings used herein are for organizational purposes only and
are not to be cbnstrued as limiting the subject matter described in any way.

[0004]  Recent advances in technology allow clinicians to quickly, safely, and easily
visualize bacteria (and other biological components) in wounds and measure wounds at
the point of care. This permits maximum insight for accurate treatment selection and
accelerated healing in real time. Fluorescence-hased imaging allows clinicians to focus
on potentially harmful levels of bacteria. The technology is based on the detection and
analysis of intriﬁsic fluorescence signals emitted by tissues and microbes (or by

exogenous agents) when illuminated with specific wavelengths of light. Room lighting
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can interfere with the fluorescence signals emitted by the bacteria in wounds or on other
surfaces that clinicians or others are imaging. |

[0005]  Fluorescence imaging can be enhanced and optimized when the imaging is
berformed in a darkened environment or in an envirenment with reduced or lirnited
ambient light. This may be difficult to achieve when ambient light, such as sunlight,
room lighting or other non-visible electromagnetic radiation (optical) interference is
present in the imaging environment. Even when it may be possible to change ambient
lighting, such as by turning off room lights or pulling shades, doing so may create other
problems for clinicians, such as difficulty seeing. Further, one of the benefits of a
portable, handheld imaging device is that it may be used at point-of-care, such as inthe
field treating armed forces, refugees, or others in need of care in outdoor conditions. In
these scenarios, it is not possible to dim lights or pull shades. Thus, it would be
desirable to create a portable imaging environment which can provide an environment
suitable for imaging regardless of location.

SUMMARY

[0006]  The present disclosure may solve one or more of the above-mentioned
problems and/or may demonstrate one or more of the above-mentioned desirable
features. Other features and/or advantages may become apparent from the description
that follows.

[0007]  In accordance with various exemplary embodiments of the present disclosure,
a drape is provided. The drape comprises a drape body, wherein the drape body is

configured to limit passage of electromagnetic radiation through the drape body to an

inferior imaging environment defined by the drape body such that electromagnetic
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radiation within the interior imaging eﬁvironment does not exceed a predetermined
threshold. A connecting element is permanently coupied to the drape body and defines
an opetiing in the drape body. The connecting element is configured to attach the drape
to an imaging device.

[0008] In accordance with another aspect of the present disclosure, a systém fof
fluorescence-based imaging of a target is provided. The system comprises a drape
having a drape body configured to limit passage of electromagnetic radiation through
the drape bedy to an interior imaging environment defined by the drape body such that
electromagnetic radiation within the interior imaging environment does not exceed a
predetermined threshold. A connecting element is permanently coupled to the drape
body and defines an opening in the drape body. The connecting element is configured
io attach the drape to an imaging device. The system also includes a portable, handheld
imaging device, wherein the imaging device includes a portion with a lens and at least
one violet light source, and wherein the connecting element is configured to encompass
an area surrounding the lens and the at least one light source to position the light
saurce within the interior space of the drape body.

[0008]  The portable, handheld imagincj device may also include a white light source
and may be configured for white light imaging.

[0010]  The imaging target may be a human or animal body part and may include a
wound, lesion, cut, incision, tumor, or other abnormality on or in the bady part.

[0011]  In accordance with a further aspect of the present disclosure, a drape
comprises a drape body configured to move between a closed configuration and an

open configuration. The drape body is substantially planar in the closed configuration
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and in the open configuration, the drape body has a shape that is substantiaily
cylindrical, substantially rectangular, a truncated cone, or a truncated pyramid. A
connecting element is coupled to the drape body and is configured to attach the drape
to a portable, handheld imaging device. At least one valve is configured to pass air into
the drape as the drape maoves from the closed configuration to the open configuration.
[0012]  In accordance with yet another aspect of the present disclosure, a method of
creating a portable imaging environment is disclosed. The method comprises
positioning a portable, handheld imaging device relative to an opening of a darkening
drape while the drape is in a collapsed condition and connecting a frame of the drape to
the imaging device. The method also includes moving the imaging device and
connected drape away from a packaging element supporting the drape in the collapsed
condition.

[0013]  Another aspect of the present disclosure provides a method of obtaining a
fluorescence-based image or video without changing ambient lighting conditions. The
method comprises removing a cover from an opening of a darkening drape, attaching a
portable, handheld imaging device to the drape while the drape is connected to a |
packaging element, and moving the imaging device and attached drape away from the
packaging element to deploy the drape. The method also includes positioning an open,
bottom end of the drape over an area of a body 1o be imaged, contouring a p‘ortion of
the drape around the body area to be imaged to create a darkened imaging
environment around the body area to be imaged, wherein the drape is configured ta

limit passage of ambient light through the drape into the darkened imaging environment,
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and capturing a fluorescent image or a fluorescent video of the body area with the
imaging device attached to the drape.

[0014]  Yet another aspect of the present disclosure provides a dispensing element
configured to store a darkening drape. The dispensing slement comprises a
substantially planar base portion, and at least one restraining element configured to
engage a shaping element of a darkening drape. |

[0015]  Afurther aspect of the present disclosure provides a darkening drape system.
The system comprises a darkening drape having a drape body, wherein the drape body
is configured to limit passage of ambient light through the drape body to an interior
imaging environment defined by the drape body. T.he darkening drape also includes a
frame configured to attach the drape to an imaging device, and at least one shaping
element configured to maintain the drape in a position outside a field of view of the
imaging device during imaging. The system also comprises a drape dispensing
element. The drape dispensing element includes a substantially planar base portion,
and at least one restraining element configured to engage the at least one shaping
element of the darkening drape.

[0016]  In accordance with yet another aspect of the present disclosure, a method of
obtaining a measurement of a target without changing ambient lighting conditions is
provided. The method comprises removing a cover from an opening of a darkening
drape, attaching an imaging device to the drape while the drape is connected to a
packaging element, and moving the imaging device and attached drape away from the
packaging element to deploy the drape. The method also comprises positioning an

open, bottom end of the drape over an area of a body containing the target to be
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measured, contouring a portion of the drape around the body area containing the target
to be imaged to create a darkened environment around the body area containing the
target to be measured, wherein the drape is configured to limit passage of
glectromagnetic radiation through the drape ihtd the darkened environment, and
measuring the target on the body area witr; a poﬁable, handheld imaging device
attached to the drape.

[0017]  Additional objects and advantages will be set forth in part in the description
which follows, and in part will be obvious from the description, or may be learned by
practice of the present disclosure. The objeqts and»advantages may be realized and
attained by means of the elements and cbmbinations particularly pointed oui in the
appended claims and their equivalents.

[0018]  ltis to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory only and are not restrictive
of the present disclosure and claims. . |

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]  The present disclosure can be understood from the following detailed
description either alone or together with the accompanying drawings. The drawings are
included to provide a further understanding and are incorporated in and constitute a part
of this specification. The drawings illustrate one or more exemplary embodiments of the
present disclosure and together with the description serve to explain various principles

and operations.
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[0020] Fig. 1is a perspective view of an example imaging device, capable of
fluorescence-based and/or white-light im.aging, and to which a drape, in accordance
with the present disclosure, can be attached or connected.

[0021] Figs. 2 and 3 are a perspective view and a sectional view, respectively, of a
first example embodiment of a drape in a deployed configuration or expanded condition,
in accordance with the teachings of the present disciosure.

[0022]  Fig. 4 is a partial view of the drape of Fig. 2, showing a shaping element
embedded in the drape in accordance with the teachings of the present disclosure.
[00231  Figs. 8A-5C show a second example embodiment of a drape in a closed,
undeployed, condition (Figs. 5A-5B) and in an open, deployed condition (Fig. 5C), in
accordance with the present disclosure.

[0024]  Figs. 6A-6C show a third example embodiment of a drape in accordance with
the present disclosure, with Fig. 6A showing the drape in use with an imaging deVice,
Fig. 6B showing the drape with the imaging device removed, and Fig. 6C showing the
drape in a closed, undeployed condition.

[0025]  Fig. 7 is a perspective view of a fourth example embodiment of a drape, in
use with an imaging device, in accordance with the present disclosure.

[0026]  Figs. 8A-8 show various views of an example embodiment of a connecting
element of a drape in accordance with the present disclosure.

[0027]  Figs. BA-9C show a drape connected to a portable, handheld imaging device
in an undeployed and deployed configuration, respectively, in accordance with the

present disclosure.
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[0028] Figs. 10A-10E show a dispensing/packaging element with and without the
drape of the present disclosure.

[0029]  Figs. 11A-11C show an exemplary cover for the opening in the connecting
element of the drape, in accordance with the present disclosure.

[0030]  Figs. 12A-12F show a fifth example embodiment of a drape unconnected to
(Figs. 12A-12C) and connected to (Figs. 12D-12E) a portable, handheld imaging device
in accordance with the present disclosure.

[0031]  Figs. 12G-12H show the example portable, handheld imaging device
connected to the drape of Figs. 12D-12F in accordance with the present disclosure.
[0032] Fig. 12l shows another example imaging device that may be used with an
imaging drape in accordance with the preseht disclosure.

[0033] Figs. 13A-13C show an example portable, handheld imaging device to be
used with a drape, such as the drapes of Figs. 2-7, in accordance with the present
disclosure.

[0034] Fig. 14 is another example of a portable, handheld imaging device to be used
with a drape in accordance with the present disclosure.

[0035]  Figs. 156A-158B illustrate a surgical shield or sterile sheath disposed over the
portable, handheld imaging device of Fig. 14 in accordance with the present disclosure.
[0036]  Fig. 15C illustrates the sterile shield of Figs. 15A-15B coupled to a connecting
glement of a drape in accordance with the presént disclosure,

[0037]  Figs. 16A-16D illustrate various features that couple the sterile shield for the
portable, handheld imaging device of Figs. 15A-B to the drape of Fig. 15C in

accordance with the present disclosure.



WO 2019/213737 PCT/CA2019/000061

DESCRIPTION OF VARIOUS EXAMPLE EMBODIMENTS

[0038] This description and the accompanying drawings illustrate example
embodiments of a drape, imaging devices connectable o various drapes, and
structures for connecting drapes to surgical sheaths and are example only and should
not be taken as limiting. Various mechanical, compositional, structural, electrical, and
operational changeé may be made without departing from the scope of this description
and the claims, including equivalents. In some instances, well-known structures and
techniques have not been shown or described in defail so as not to obscure the
disclosure. Like numbers in two or more figures represent the same or similar
elements. Furthermore, elements and their associated features that are described in
detail with reference to one embodiment may, whenever practical, be included in other
embodiments in which they are not specifically shown or described. For example, if an
element is described in detail with reference to one embodiment and is not described
with reference to a second embodiment, the element may nevertheless be claimed as
included in the second embodiment.

{0039] When performing fluorescence imaging, it is desirable to have a dark or
darkened environment (i.e., an environment with limited ambient light) to optimize the
fluorescent (FL) image obtained. This may be difficult to achieve when sunlight, room
lighting or other non-visible electromagnetic radiation (optical) interference is present in
the imaging environment. The present disclosure provides an imaging drape that can be
positioned over a target to be imaged to reduce or limit ambient light around the target.
[n some embodiments, the imaging drape can conform around an object to be imaged,

including any part of the human body or animal body. The drape reduces or limits an
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amount of ambient light and other electromagnetic radiation that is within an imaging
environment defined by an interior of the drape. Limiting the amount of electromagnetic
radiation, including the amount of ambient light, that basses through the drape; into an
environment contained within the drape creates a darkened environment within the
drape for performing imaging. While beneficial for fluorescent-based imaging, the
darkened environment created by the drape is also useful in white-light imaging (o
reduce or prevent glare) and in taking fneasurements (digital, for example, using an
image of the target, such as a wound, to obtain measurements). While drapes in
accordance with the present disclosure are generally discussed herein for providing a
darkened imaging environment, it is within the scope of the present disclosure for a
drape to be configured to provide a portable imaging environment that reduce or limits
glare or provides an anti-reflective effect rather than providing a darkened environment.
Such a drape may be useful for white light imaging or measuring of imaging targets.
Similarly, drapes in accordance with the present disclosure may both provide a
darkened imaging environment and reduce glare. Drapes in accordance with the
present disclosure may provide a darkened imaging environment and an anti-reflective
effect. It is also within the scope of the disclosure that the drape may providé‘ a reduced
ambient light environment within an interior of the drape. For example, the drape may
provide a frosted effect so that some, but not all, of the light penetrates through the
drape and into the interior of the drape. In some examples, the drape is coated with a
fluoropolymer coating to provide the anti-reflective effect. The fluoropolymer coating

may be a single-layer interference coating.
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[0040] In accordance with one aspect of the présent disclosure, a drape configured
to reduce or limit ambient light (i.e., a darkening drape) is lightweight, compact, and
portable. The portable drape is easy for personnel, such as medical or emergency
personnel or other health care workers, to carry a supply of drapes with them for use
with a portable, handheld imaging device. In this way, a darkened imaging environment
can be created under any cdnditions, indoors or outdoors, without concern about
ambient lighting or other electromagnetié radiation interfering with the process of
obtaining an image of a target, such as for example, a fluorescent image of a wound or
injury. Although the imaging drape may move between a collapsed/closed/undeployed
condition and an expanded/opened/deployed configuration, it is also contemplated that
the drape may not be collapsible and is packaged in a ready-to-use configuration.
[0041] The drape may also be used in a more controlled setting, such as a doctor’s
office or surgical suite, where darkened imaging conditions are desirable but reducing
overall ambient lighting is not desirable. Use of the drape creates a portable, darkened
imaging environment that allows fluorescence imaging to be performed in any lighting
condition resulting in good fluorescence image (or video) quality without background
light interference. As mentioned above, the drape in accordance with the present
disclosure allows the use of a portable, handheld imaging device to be used at the point
of care without needing to turn off the lights. Such a portable, handheld imaging device
may include one or more of fluorescence-based imaging capability, white-light imaging
capability, and target measuring capability. Examples of such imaging devices are
described in U.S. Patent No. 9,042,967, filed May 20, 2009, issued May 26, 2015, and

entitled “Device and Method for Wound Imaging and Monitoring.” The entire content of

L1
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U.S. Patent No. 9,042,967 is incorporated herein by reference. This device may be
used in conjunction with the darkening drape disclosed herein, in both clinical and non-
clinical applications, when obtaining images of a target area using a handheld imaging
device is useful. Additional examples of imaging devices that may be used with a
darkening drape in accordance with the present disclosure are disclosed in U.S.
Provisional Patent Application No. 62/793,842 (1142.0010-00999), filed on January 17,
2019 and entitled “Modular System for Multi-Modal Imaging and Analysis”; U.S.
Provisional Patent Application No. 62/793,846 (1142.0011-00999), filed on January 17,
2019 and entitled “Endoscopic System for Visualization of Disease”; and U.S.
Provisional Patent Application No. 62/793,764 (1142.0012-00999), filed on January 17,
2019 and entitled “Devices, Systems, and Methods for Tumor Visualization and
Removal", the entire content of each of which is incorporated herein by reference.
[0042] As noted above, the drape can be used for fluorescent-based imaging,
white-light imaging, and/or measuring. These processes may be done sequentially or at
separate times. In addition, the user can perform specific tasks using the handheld FL
imaging device such as, for example, image-guided sampling and/or cleaning and
debridement of a wound, by raising a side of the drape for the intervention during FL
imaging.

[0043] In accordance with the present teachings, the darkening drape is a one-time
use disposable accessory that can be attached to a portable, handheld imaging device
to provide users with a portable, darkened imaging environment to achieve the
necessary lighting conditions for performing flucrescence imaging and/or white light

imaging. This will allow imaging of any target that can be covered by, at least partially
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encompassed by, and/or partially surrounded by the interior of the drape. For example,
in clinical applications, the drape may be manipulated o encompass an imaging site
anywhere on the human body. The drape may be manipulated o change size or shape
to encompass, for example, a limb on a patient that contains an imaging target such as
a wound. In another example, the imaging drape and imaging device may be used to
image excised tissue specimens, such as’tumors, cancerous tissue, or other abnormal
tissue. This may be done, for example, in a pathology lab immediately after removal of
the specimen from the patient. In such a case, the drape may be sized and/or shaped fo
completely cover or otherwise encompass the excised tissue specimen during imaging
with the handheld imaging device.

[0044] The drape may be provided and packaged as a sterile unit and one example
method of deployment maintains the interior side (patient side/patient contacting side) of
the drape in a sterile condition. In some embodiments, a sterile sheath/surgical
drape/sterile shield is disposed around part or all of the imaging device in order to
maintain the sterile environment within the interior of the drape and/or keep the imaging
device from being contaminated. The terms sterile sheath, surgical sheath, surgical
drape, and sterile shield are used interchangeably herein to indicate a sheath or drape
that is used for sterility purposes/io reduce contamination by encompassing a part or all
of the imaging device.

[0045] A drape, such as a darkening drape or an imaging drape, as used herein,
refers to a drape that is configured to reduce, limit, and/or alter an amount and/or
characteristic of ambient light that passes through the drape to an interior of the drape,

wherein the interior of such a drape may define a port‘able imaging environment. Thus,
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a drape that limits or reduces the amount of ambient light passing through the drape
body may provide a darkened imaging environment. Alternatively, a drape that alters a
characteristic of ambient light may provide an imaging environment with a quality
associated with the change, for example an imaging environment that provides less
glare or an anti-reflective imaging environment. The term imaging drape encompasses
a darkening drape as well as any other type of drape used to create an altered or
tailored imaging environment.

[0046] In cases where a surgical drape is used to cover part or all of an imaging
device, a darkening drape or imaging drape may be attached to the surgical drape, for
example, by a connecting element on one or both of the darkening drape (or imaging
drape) and the surgical drape. Additionally or alternatively, the inventors contemplate
that a surgical drape and imaging drape may be formed as a single drape, for example,
where a portion of the drape is suitably shaped and/or made of a material to reduce or
limit ambient light.

[0047] In some embodiments, the drape may include a retaining element that must
be broken to remove the drape from the imaging device. Once the retaining element is
broken, it is no longer configured to permit attachment of the drape to the imaging
device, Although the drape is intended as a disposable device, to be discarded after a
single use, it is within the scope of this application that the drape may be used more
than once.

[0048] In such a case, i is possible that the drape is made from a material that is

easily sterilizable. However, the inventors understand that users may, for whatever
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reasons, re-use a non-sterilizable drape or re-use a drape that is capable of being
sterilized without doing so.

[0049] In accordance with the present teachings, the drape is made of a material
that reduces or limits an amount of electromagnetic (EM) radiation that passes through
the drape, from an exterior of the drape to an interior imaging environment defined by
the drape. The amount of EM radiation that is blocked, or prevented from passing
through the drape, is sufficient to prevent interference with imaging modes of the
portable, handheld device, such as a fluorescent imaging mode and a white light
imaging mode. The drape material substantially reduces the amount of ambient light
transmitted through the drape to an interior of the drape that defines the imaging
environment such that the imaging device functions optimally. Functioning optimally
may include, for example, the use of an imaging device in white light and/or
fluorescence imaging modes, without an ambient light sensor of the portable, handheld
imaging device being triggered to indicate, for example, that too much ambient light is
present. Alternatively, it may include, for example, the use of an imaging device in white
light and/or flucrescence imaging modes, wherein an ambient light sensor is triggered to
indicate that lighting conditions are sufficient to permit imaging without interference from
ambient light. In each case, the imaging device is able to produce a high quality image.
The drape may block substantially all visible light (i.e., 400 nm - 700 nm wavelengths of
light) from entering the interior of the drape. The inventors have found that, to provide
acceptable quality fluorescent images, the amount of ambient (visible) light in the
imaging environment should be less than about 402 mW/m?2, In some embodiments,

the drape may be configured to provide an imaging environment having less than about
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402 mwW/m? of ambient light. In other embodiments, the drape may be configured to
provide a portable imaging environment having less than about 401.1 mW/m? less than
about 350 mW/m2, less than about 300 mW/m2, less than about 250 mW/m?, less than
about 200 mW/m?, less than about 190 mW/m?2, and/or less than about 185 mWim? of
ambient light. In one example embodiment, fluorescent imaging was performed in a
well-it hospital room. The amount of ambient light in the hospital room was measured fo
be 290,200 mW/m?. The amount of ambient light measured in the portable darkened
imaging environment formed by a drape in accordance with the present disclosure was
184.6 mWim?2, Thus, in this example, the imaging drape prevented about 99.94% of
ambient light in the external imaging environment from entering the portable imaging
environment defined by the interior of the imaging drape.

[0050] As discussed further below, suitable materials that may be used for the
drape include plastics and plastic composites, polymers, rubber materials, paper
materials, vinyl materials, and cloth materials. In addition, the drape material may be
coated or impregnated with one or more materials configured to reduce or substantially
block transmission of EM radiation, including ambient or visible light. In other
embodiments, the drape may block substantially all visible light or EM radiation that may
be interfering with the fluorescence imaging being performed. The drape may be made
from a single material or multiple materials. The drape may be formed in multiple
portions or may be a single piece made by, for example, injection molding.

[0051] The imaging device may have an ambient light sensor.

The ambient light sensor may sense the level of ambient light in the environment in

which the image will be taken. If the amount of ambient light present in the imaging
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environment is too high or too great, the sensor may flash a warning, turn amber or red
in color, or otherwise provide a warning/user feedback that conditions are not
appropriate for fluorescence imaging. If the amount of ambient light present in the
imaging environment is acceptable for ﬂuorescénce imaging, the sensor may flash
green for “ready” or “good” or give another indication; or feedback indicative that
conditions are adequate for flucrescence imaging. It is within the scope of the present
application that the ambient light éensor may pi'ovide other warnings or otherwise sense
different gradations or amounts of ambient iight present in the imaging environment. For
example, the ambient light sensor may have different ambient light settings/acceptable
thresholds for different types of imaging when sensing an amount of ambientyligﬁt that is
acceptable to provide a clear image. For example, if méy be desirable to have less
ambient light when faking a fluorescent image than when taking a white-light image. In
accordance with one aspect of the disclosure, for fluorescent imaging, the ambient
sensor may be set to indicate that imaging conditions are acceptable when ambient light
present is less than 402 mW/m?. Alternatively, the ambient sensor may warn that
fluorescent imaging conditions are not acceptable when ambient light in the imaging
environment is more than about 402 mW/m? of ambient light.

[0052] In accordance with one aépec’c of the present disclosure, the drape may be
used with a portable, handheld imaging device, such as the exemplary device shown in
Fig. 1. Examples of such imaging devices are described in U.S. Patent No. 9,042,967,
filed May 20, 2009, issued May 26, 2015, and entitled “Device and Method for Wound
Imaging and Monitoring.” The entire content of U.8. Patent No. 9,042,967 is

incorporated herein by reference. The patent describes the characteristics of imaging
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devices to be used with the drape disclosed herein, as well as methods of imaging, both
white light and fluorescence-based imaging, that may benefit from the drape of the
present disclosure. Additional examples of imaging devices that may be used with a
darkening drape in accordance with the presenf disclosure are disclosed in U.S.
Provisional Patent Application No. 62/793,842 (1142.0010-00999), filed on January 17,
2019 and entitled “Modular System for Multi-Modal Imaging and Analysis”; U.S.
Provisional Patent Application No. 62/793,846 (1142.0011-00999), filed on January 17,
2019 and entitled “Endoscopic System for Visualization of Disease”; and U.S.
Provisional Patent Applicatio‘n No. 62/793,764 (1 142.CO12~00999), filed on Janua>ry 17,
2019 and entitled “Devices, Systems, and Methods for Tumor Visualization and
Removal”, the entire content of each of which is incorporated herein by reference.
[0053] In accordance with one aspect of the present disclosure, the drape may
have a drape body formed of a material or materials ¢onfigured to reduce, limit, block,
or substantially prevent the passage of EM radiation, such as ambient or visible light.
The drape is configured to create an imaging environment for any imaging target which
can be partially or fully surrounded by the drape. For example, in various example
embodiments, the drape is configured to conform to the shape of any part of a patient's
body, thus allowing imaging of that part of the body. For example, the drape may be
shaped to encompass a foot, a hand, an arm, etc., and create an imaging environment
around that body part. If the drape cannot fully encompass a target, it may be attached
or adhered to an area surrounding the target for forming an enclosed imaging
environment, A portion of the drape body, such as a central portion, may include &

mounting device, such as a connecting element or frame that is configured to allow the
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drape to be mounted onto the imaging device or otherwise connected to the imaging
device. This connection component may be referred to as a connecting element, frame
portion, or @ mounting element. For example, the connecting element may include a
frame portion configured to receive a portion of the handheld, portable imaging device,
such as a lens portion (also referred to herein as an imaging head or optical head)
which includes a lens, one or more excitation light sources (for example, LEDs) fo
iluminate the target for fluorescence imaging (the excitation light sources may include,
for example, ultraviolet light, violet/blue light, other wavelengths of visible light, near
infrared light, and/or infrared light and may be provided for fluorescence imaging), and
a sensor for sensing ambient light conditions. Depending on the configuration of the
imaging device, other components, such as a white light source for illumination for white
light imaging, an image sensor, and/or a spectral {ilter may be included in the portion of
the imaging device that is received in the frame portion of the drape.

[0054] The connecting element of the drape defines an opening in the drape, and
when the drape is in a deployed or expanded configuration, the opening provides
access into an interior of the drape. The interior of the deployed drape forms a portable
imaging environment that is darkened (e.g., has less ambient light) relative to ambient
environment outside of the drape. A portion of the imaging device (e.g., lens portion,
imaging head, or optical head) may be received in a press-fit manner in the connecting
element defining the opening, such that ambient light does not pass through the
opening into the portable imaging environment. This press-fit relationship may be
defined as a sealing relationship as it seals out ambient light. Other means may be used

to sealingly connect the portion of the imaging device to the connecting element such as
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for example, hook and loop fasteners, sealants, adhesives, ¢lips, and other mechanical
and/or chemical fastening elements.

[0055] In some example embodiments, the drape may include shaping elements to
facilitate conforming a shape of the drape to the farget to be imaged such that the area
(target) to be imaged is substantially within the imaging environment (e.g., the interior of
the drape) or substantially surrounded by the interior of the drape. The shaping
elements may be placed around a perimeter of the drape (e.g., bands), may run
lengthwise through the drape (e.g., extend from a top portion of the drape 1o a bottom or
lower portion of the drape), may extend diagonally across the drape body, or may be a
combination of such shaping elements. The shaping elements may comprise, for
example, wire, drawstrings, or other elements that are deformable or otherwise ¢an
facilitate changing the shape and/or size of the drape.

[0086] In some embodiments, the shaping elements may also serve to maintain a
shape of the drape to provide a ¢lear field of view or clear imaging field within the
imaging environment (e.g., within the body of the drape when in the deployed or
expanded configuration). That is, the shaping elements may be sized and positioned to
maintain the drape body in a position which does not impede or otherwise affect the
field of view (FOV) of the lens portion (imaging head or optical head) of the imaging
device when the imaging device is mounted to or connected to the drape via the
connecting element. In this way, the shaping elements hold the drape body out of the
field of view of the lens, such that the drape body does not extend into the field of view

between the lens and the target to be imaged.
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{00571 In some example embodiments, a bottom portion of the drape may be
provided with a mechanism to create light-reducing contact between an area
surrounding the target. For example, the bottom of the drape may be provided with
weighted elements to hold the bottom of the drape in contact with a surface.
Alternatively, the bottom of the drape could be provided with one or more fixing
elements or mechanisms to provide a connection between a surface around the target
and the drape. The surface around the target may be the actual surface which contains
the target or a secondary surface, such as a supporting surface or a surface added for
sterility, such as a surgical drape. The fixing element(s) or mechanism(s) may include,
for example, magnets, snaps, hook and loop closures, adhesive, and other suitable
fastening mechanisms. Additionally or alternatively, the bottom of the drape may be
provided with a mechanism to tighten the drape around the imaging target. For
example, the drape may include a drawstring, hook and loop closure, snaps, or other
mechanism to reduce a diameter/perimeter of the bottom of the drape and fo draw it
close around the imaging target,

[0058] Turning now to the drawings, Fig. 1 shows an example of a paortable,
handheld imaging device imaging a wound in tissue without the use of an imaging
drape. In accordance with one aspect of the present disclosure and as shown in the
example embodiment of Figs. 2-4, an imaging drape 10 includes a body 20 With a top
portion 30 that is defined by a top edge 35, as shown in Figs. 2 and 3, Top portion 30
may include an opening 33 that i$ within or defined by a connecting element 50 which is
positioned in top portion 30 of the drape 10. As discussed further below, ¢onnecting

element 50 may receive and secure the imaging device to the drape. In various
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example embodiments, the connecting element is permanently attached to the top of
the drape during manufacturing such that the drape is not intended to be removed from
the connecting element. Although not illustrated .herein; it is within the scope of the
present disclosure that the drape and & typé of cohnector element may be provided
separately, so that the connector element can be réused with disposable drapes, In
such an embodiment, it would be necessary to provide a means for attaching’the drape
to the connector, such as for example, elastic, adhesive, etc.

[0059] As discussed further below,_drape 10 moves from an undeployed
configuration, to an open, deployed configuration. in the open, deployed configuration,
body 20 extends radially outward from top edge 35 to a bottom edge 40, as shown in
Fig. 2. In some embodiments, such as shdwn in'Figs. 2-4, a diameter of botiom edge 40
is greater than a diameter of top edge 35, when measured in the deployed
configuration. However, it is contemplated in some embodiments that the diameter of
the bottom edge 40 may be substantially the same as the diameter of the top edge 35,
or may even be manipulated, during deployment, to have a diameter smaller than the
top edge 35. Further, while the measurements discussed above are provided in terms of
radial measurements (e.g., diameter, etc.), it is contemplated that the top edge and
bottom edge of the drape may not always form circles, but instead may form triangles,
squares, rectangles, ovals, etc. In such cases, the bottom edge of the drape may define
a larger area than an area defined by (e.g., enclosed by) the top edge of the drape, an
area of the same size as that defined by the top edge of the drape, or an area of less
size (after deployment and manipulaﬁdn). Although disclosed herein as being movable

from a planar, undeployed condition to an expanded, deployed condition, it is within the
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scope of the present disclosure that the imaging drape is not collapsible, foldable, or
otherwise changeable for storage and is provided in a ready-to-use configuration.
[0060] A geometry of the drape is configured so that the sides of the drape body do
not fall info the field of view of the imaging device. In some embodiments, a diameter of
top edge is about 60-80%, and in some cases about 70% of a diameter of bottom edge
40, to help prevent the sides of the drape from collapsing inward in the deployed
configuration. In some embadiments, the diameter of top edge 35 is about 260 mm or
larger, the diameter of bottorn edge 40 is about 370 mm or larger, and a height of the
drape in the deployed configuration (frém top edge 35 to bottom edge 40) is about 260
mm to about 300 mm and in some cases about 280 mm. A longer drape would require
larger diameters for the top and bottom edges so that the drape does not collapse into
the field of view of the imaging device. The diameter of bottom edge 40 may range from
about 381 mm to about 458 mm. Body 20 may extend radially outward from top edge
35 due to one or more shaping elements, as discussed further below.

[0061] When in the deployed configuration, top portion 30 extends outward from
connecting element 50 in a substantially radial direction, and the remainder of body 20
forms a skirt that extends substantially vertically from top edge 35 towards bottom edge
4Q. The skirt portion of body 20 that extends betwean top edge 35 and bottom edge 40
may be flexible or rigid.

[0062] In the embodiment of Figs. 2 and 3, body 20 has a truncated cone shape in
the open, deployed configuration. However, it is also contemplated that body 20 may
assume a variety of shapes including, for example, a cylinder, an umbrella, or a

rectangle when in the open, deployed configuration. It is also contemplated that body
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20 may he a truncated pyramid with, for example, a rectangle, square, pentagon, or
hexagon base. In some embodiments, body 20 may be a truncated cone with either a
circular or glliptical base. Body 20 may be formed of a lightweight and flexible material.
In some embodiments, body 20 is formed of a thin plastic film such as, for example,
polyethylene or polyolefin. Thé plastic film may range from about 0.05mm to about 2
mim thick. The thin plastic film material of the drape allows it to be light weight, to be
quiet, to contour to the patient’s body, and to be easily packaged. Additionally or
alternatively, body 20 may be formed of a paper material, a vinyl material, or a cloth
material, However, it is also contemplated that body 20 may be formed of any other
suitable and/or well-known materials or combinations of materials.

{0063] The material of drape body 20 may be a dark color, such as black, to
prevent light from entering, thus providing a darkened imaging environment for FL
imaging. The interior of the drape may have a malte and/or non-reflective finish to
reduce any glare or reflection from the excitation light with which the target is illuminated
during imaging. Additionally, the interior and/or exterior of the drape may include a
coating that is configured to limit the passage of electromagnetic radiation, such as
infrared light or ultraviolet light. Alternatively, the interior and/or exterior of the drape
may include a coating that is configured to fimit passage of some, but not ali, visible
light. For example, the coating may provide a frosted effect on the drape. The interior of
the drape may also be sterilized during manufacturing or prior to use.

[0064] In the embodiment of Figs. 2 and 3, top edge 35 is a weld between the top
30 and a skirt portion that forms body 20 and forms a raised edge or weld on body 20,

One or more shaping elements 60, for example wires, may be used to form the edge of
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top edge 35. However, it is also contemplated that body 20 may not include such a
discrete edge. Instead, for example, body 20 may continuously extend radially outward
and downward frorn connecting element 50 toward bottom edge 40 (for example, a type
of umbrella shape with the connecting element positioned at the apex of the umbrella
shape).

[0065] Top portion 30 of drape 10 may have a substantially planar shape and may
extend in a substantially horizontal manner away from connecting element 50 when
drape 10 is deployed. In this way, the field of view of the lens portion (imaging head or
optical head) of the imaging device, connected to the frame and "viewing’ the interior of
the drape (i.e., the imaging environment), is kept ¢lear, i.e., is not blocked by the body
20 of the drape 10. Such a substantially flat top portion of the drape is shown in the
embodiment of the drape illustrated in Figs. 2 and 3, Top portion 30 may be rigid or
flexible.

[0066] As discussed above, drape 10 may include one or more shaping elements
60 that hold or support the drape material away from a central portion of the imaging
environment created by the drape body. This allows a field of view of the imaging
device, connected to the drape, to remain unabstructed by the drape body during
imaging. These shaping elements may include, for example, wires, stiffeners, and other
materials. In some embodiments, the shaping elements 60 may be formed of, for
example, steel, aluminum, titanium, or plastic. In one example, shaping elements 60 are
formed of 18-gauge mild steel wire hoaps. li is also contemplated that shaping elements
60 are formed by seam in the material of drape body 20. In some embodiments, the

material of drape body 20 is welded together to form the seam. In one'example
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embodiment, the weld between top portion 30 and the skirt that forms body 20 may be
sufficient to hold the body 20 out of the field of view (FOV) of the imaging device. In
order 1o achieve this, the size of a diameter of the bottom portion of the drape must be
larger than the top portion of the drape to prevent the sides of the drapes from
collapsing inwardly on themselves, For example, the top diameter of the drape may be
about 70% of the bottom diameter of the drape.

[0067] The shaping elements are also flexible to allow a shape of the drape body
to be changed and capable of holding a changed shape tb hold the drape body in a
shape that, for example, has been contoured to a part of a patient's body to be imaged,
such as a limb containing @ wound or other target for imaging. In one example
embodiment, shaping elements 60 may be disposed at the top of the drape and about
2.5” from the bottom of the drape. For example, as shown in Figs. 3 and 4, a first
shaping element 63 is disposed at top edge 35 and a second shaping element 65 is
disposed adjacent bottom edge 40. As shown, these shaping elements 63, 65 extend
around a perimeter of the drape at each location. It is also contemplated that second
shaping element 65 may be disposed along a bottom edge perimeter of drape 10, for
example at bottom edge 40. First and second shaping elements 63, 65 are spaced a
sufficient distance so that drape 10 will assume its desired shape in the open, deployed
configuration.

[0068] Shaping elements 63, 85 are configured to be bent and manipulated so that
drape body 20 will conform around the contours of an imaging target, such as a portion
of a patient’s body while maintaining the deployed shape of drape body 20 in order to

create the ideal light conditions for FL imaging within the portable imaging environment.
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For example, shaping elements 63, 65 may be wires that an operator can easily bend
into a variety of shapes. Such may allow the drape 1o be bent so that it better éonforms
to a shape of the patient's body that is to be imaged. Additionally or alternatively,
shaping elements 60 may help maintain a clear field of view for the imaging device by
holding the drape body away from a center of the portable imaging environment created
within the drape body.

[0069] Fig. 3 shows an embodiment of shaping elements 63, 65 having a circular
shape. However, the shaping elements m’_ay cdmprise a variety of shapes, depending
on the desired shape of drapg bady 20. Shaping elements 63, 65 may be disposed on
an interior side or exterior side of drape body 20. In some embodiments, shaping
elements 63, 65 may be embedded into fhe matériai of drape body 20. Although two
shaping elements are depicted in the embodiment of Figs. 2-4, it is contemplated that
only a single shaping element may be used, or that more than two shaping slements
may be used, for example, three, four, five, six or more shaping elements may be used.
[0070] As shown in the example embodiment of Figs. 2-4, the skirt or body portion
20 of drape 10 may be smooth and taut. Alternatively, as showing in Figs. 5A-5C, the
skirt or body portion 20 of the drape 10 may hang loose and flow downward from the top
portion (i.e., be drapey).

[0071] In accordance with another aspect of the present disclosure and as shown
in Figs. 5A-5C, drape 10 may move from an undeployed configuration to an open,
deployed configuration. In the undeployed configuration (Figs. 5A and 5B), body 20 is
substantially flat so that bottom edge 40 is substantially planar with top edge 35. Thus,

in some embodiments using shaping elements, first shaping element 83 is also
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substantially planar with second shaping element 85 in the undeployed configuration.
However, in the open, deployed configuration (Fig. 5C), bottom edge 40 _Is disposed
below top edge 35 in a longitudinal direction of drapé 10. The imaging device may be
secured to connecting element 50 ejther before or after the drape is moved from the
undeployed configuration to the open,v deployed configuration. [t is contemplated that
the imaging drape may have various configurations when in an undeployed
configuration. For example, the drape may be folded with a bottom edge of the drape
under the top portion 30, such that a user must open or deploy the drape by pulling
upward on connecting element 50. In some cases, it may be desirable to connect the
imaging device to connecting element 50 of the undeployed drape, and then pull the
imaging device upward to deploy drape 10 as it moves away from a support surface on
which it was positioned.

[0072] Figs. BA-6C show another example embodiment of an imaging drape, drape
100. Drape 100 includes a body 120 with a first drape portion 170 and a second drape
portion 180. Similar to the other embodiments discussed herein, drape 100 includes a
top portion 130 which includes a connecting elemeni (not shown) defining an opening
133. Body 120 may extend from an outer edge or perimeter 137 of the connecting
glement to a bottom edge 140 of the drape 100. In the example embodiment of Figs. 6A
and 6B, fop portion 130 of the drape is not defined by a fop edge. Instead, top portion
130 slopes radially downward toward second drape portion180, providing a smooth and
continuous transition with the remainder of body 120 in second drape portion 180.
[0073] First drape portion 170 of drape 100 may be disposed above second drape

portion 180 in the longitudinal direction of drape 100. In some embodiments, first drape
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portion 170 is a skirt portion or umbrella-like portion with a plurality of ribs 175 extending
in a vertical direction of drape 100. Ribs 175 may be spaced apart from each otherin a
lateral direction of drape 100. The spacing may be consistent between each rib, or the
spacing may be varied between the different ribs. Each rib 175 may be formed of a rigid
material. The material of body 120 in first drape portion 170 may be disposed over or
- under ribs 175. Thus, in some embodiments, ribs 175 may be disposed on an“outer
surface of body 120. Itis also contemplated that ribg 175 are embedded within the
material of drape hody 120.

[0074] Second drape portion 180 may be directly connected {o a boftom edge
portion of first drape portion 170. Second drape portion 180 may flow radially outward
from first drape portion 170 so that a bottom edge of second portion 180 has a larger
| outer diameter than a bottom edge of first drape portion 170. A length of second drape
portion 180 in the longitudinal direction of drape 100 may be greater than a length of
first drape portion 170. If also may be the same length or shorter.

[0075] in some embodiments, body 120 of first drape portion 170 is formed of a
different material than body 120 of second drape portion 180. First drape portion 170
may be formed of a relatively harder, firmer, or more rigid material than second drape
portion 180. Alternatively, the ribs may pull the material taut in the first drape portion
170, giving first drape portion 170 & smoother appearance than second drape p‘ortion
180. In some embodiments, second drape portion 180 is formed of a soft, cloth-like
material that is flexible and lightweight and easily drapes over an object as shown in

Fig. 6A. It is also contemplated that the body of first drape portion 170 is formed of
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either a flexible or rigid material. Thus, the skirt of first drape pottion 170, including ribs
175, may be flexible or rigid in the deployed state.

[0076] A bottomn portion of second drape portion 180 may include one or more
fixing elements 190 to aid in a bottom portion of the drape body closely adhering to the
contours of an imaging target, for example a patient's body having an imaging target
such as a wound, Fixing elements 190 include a weighted element, a magnet, a
drawstring, tape, wire, a hook, or a loop closure. In.t‘he embodiment of Figs. 8A-6C,
fixing elements 190 are weights that are spaced across a bottom edge perimeter of
second drape portion 180. Fixing elements 190 may help to secure drape 100{o a
patient in order to reduce/prevent inadvertent movement of drape 100 with regard to the
patient. Such may be helpful to reduce the amount of ambient light entering the interior
of the drape when imaging a wound. In some embodiments, fixing elements 180 are
magnets that are magnetically coupled with magnets (for example, magnetic stickers)
placed on a patient.

[0077] tt is also contemplated that any of the embodiments discussed herein may
include fixing elements 120 on the drape hody. Although referenced with regard to Figs.
BA-6C, fixing elements 190 are not limited to this embodiment.

[0078] As discussed above, in the embodiment of Figs. BA-6C, drape 100 may
include one or more shaping elements, which may be disposed at top and bottom
regions of the drape.

[0079] Ribs 175 may extend in a substantially vertical direction, from the first
shaping element to the top of the second drape portion 180. In other embodiments, ribs

175 may extend from opening 133 to the top of the second drape portion 180, The skirt
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of first drape portion 170 is held out of the field of view of the imaging device. This may
be accomplished in various ways, for example, by use of a second shaping element (as
discussed above) in a lower portion or hem of the skirt portion extending around a
perimeter of the skirt portion, by use of vertical ribs 175, or by other means that provide
tension in the skirt portion to keep it expanded away from a center portion of the
darkened imaging envirenment.

[0080] In the undeployed configuration, ribs 175 may be compressed in an
accordion-type manner. Thus, first portion 170 of drape 100 may be closed in a
relatively flat configuration, as shown in Fig. 6C.

[0081] Fig. 7 shows yet another example embodiment of an imaging drape, drape
200. Drape 200 includes a body 220 with a first drape portion 270 and a second drape
portion 280. Similar o the other embodiments discussed herein, drape 200 includes a
top portion 230 with a connecting element (not shown) defining an opening 233 (not
shown) within which the imaging portion of the imaging device may be positioned to
view the imaging target. Body 220 extends from a perimeter 237 of the connecting
element to a bottom edge 240 of the drape 200. In the embodiment of Fig. 7, top portion
230 is not defined by a top edge. Instead, top portion 230 slopes radially downward
toward second drape portion 280, providing a substantially smooth and continuous
transition with the remainder of body 220 in first drape portion 270 when the drape is in
the expanded, deployed configuration. 'n some embodiments, the pleating in first
portion 270 may give the first portion 270 more of a corrugated appearance than a

smooth appearance.
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[0082] First drape portion 270 of drape 200 may be disposed above second drape
portion 280 in the longitudinal direction of drape 200. In some embodiments, first drape
pertion 270 has & bellows or accordion shape with a plurality of pleats 275 that fold
upon themselves in the closed configuration. Pleats 275 may be formed in the material
of first drape portion 270. Second drape portion 280 may extend longitudinally from first
drape portion 270 towards bpttom‘ edge 240, Second drape portion 80 may be formed of
a soft, cloth-like material that contours to the surface of the patient to be imaged. Thus,
second drape portion 280 may not include the pfeats.lln some embodiments, first drape
portion 270 is formed of a resilient plastic material and second drape portion 280 is
formed of a soft plastic material.

[0083] in another example embodiment, instead of pleats a plurality of first ribs 275
extending in a horizontal direction of drape 200 may be provided in first drape portion
270. First ribs 275 may be spaced apart from each other in a longitudinal direction of
drape 200, The spacing may be consistent between each rib, or the spacing may be
varied between the different ribs. Each rib 275 may be formed of a rigid material. The
material of body 220 in first drape portion 270 may be disposed over or under ribs 275.
Thus, in some embodiments, ribs 275 may he disposed on an outer surface of body
220. It is also contemplated that ribs 275 are embedded within a material of drape body
220. In such an embodiment, the ribs may be planar with one another when the drape
is in the collapsed or undeployed configurétion. similar to what is shown in Fig. 5A,
although the shape of the undeployed drape will be more rectangular rather than

circular.
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[0084] First drape portion 270 may also include one more second ribs 279
extending in a vertical direction of drape 200. Second ribs 279 may provide stability fo
ribs 275 so that the body of the drape does not inadvertently collapse.

[0085] In either example embodiment of the first drape portion 270, with pleats or
with ribs, second drape portion 280 may include cloth type panels 277 configured to
receive fixing elements 290, as discussed above. In one example, panels 277 may be
folded over fixing elements 280 in order to secure fixing elements 290 on the drape.
[0086] Second drape portion 280 may be directly connected to a bottom edge
portion of first drape portion 270. Second drape portion 180 may flow radially inward
from first drape portion 270 so that a bottom edge of second drape portion 280 has a
smaller outer diameter than a bottorn edge of first drape portion 270. A length of second
drape portion 280 in the longitudinal direction of drape 200 may be smaller than a length
of first drape portion 270.

[0087’] When moved from the open, deployed configuration to the undepioyed
configuration, pleats/rinbs 275 fold upon themselves so that drape 200 assumes a
substantially flat profile in the undeployed configuration. Thus, drape 200 is easily
collapsible.

[0088] As discussed above, a bottom portion of'second drape portion 280 may
include one or more fixing elements 290 to aid in a bottom portion of the drape body
closely adhering to the contours of a patient’s body. Fixing elements 290 include a
weighted element, a magnet, a drawstring, tape, wire, a hook, or a loop closure. In the
embodiment of Fig. 7, fixing elements 290 are weights that are spaced across a bottom

edge perimeter of second drape portion 280. Fixing elements 290 may help to secure
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drape 200 to a patient in order to reduce/prevent inadvertent movement of drape 200
with regard to the patient. Such may be helpful to reduce the amount of ambient light
entering the interior of the drape when imaging a wound. In some embodiments, fixing
elements 290 are magnets that are magnetically coupled with magnets (for example,
magnetic stickers) placed on a patient.

[0089] It is also contemplated that any of the embadiments discussed herein may
include fixing elements 290 on the drape body. Although referenced with regard to Fig.
7, fixing elements 290 are not limited to this embodiment.

10090] As discussed above, in the embodiment of Fig. 7, drape 200 may also
include one or more shaping elements, which may be disposed at top and bottom
regions of the drape.

[0091] In accardance with another aspect of the present disclosure, an imaging
device (such as the imaging device of Fig. 1 or Figs. 12G-16D) may be disposed on or
partially within opening 33 of the connecting element so that the lens portion/imaging
head/optical head is positioned to view the imaging target within the drape interior (the
portable imaging environment).

{0092] With the imaging device connected to the drape, the drape is positioned so
that the interior of the drape at least partially surrounds or encompasses a surface on
which the imaging target is disposed. For example, if the imaging target is awound on a
bottom of a foot, the drape may be positioned to encompass the foot. Alternatively, if for
example the target is a wound on a leg, as shown in Fig. 7, the drape is positioned to

surround the surface on which the target is positioned. The drape may be secured to
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that surface in order to minimize any ambient light entering the portable imaging
environment created by the drape and in which the target is positioned.

[0093] After positioning the drape, the imaging device, with the imaging
head/optical head that includes at least the [ens and the excitation light source
positioned to have in its field of view (FOV) the target within the portable imagl:ng
environment, is actuated to emit excitation light to illuminate the target, such as a
wound. If fluorescent imaging is being performed, the drape used is a darkening drape
configured to provide a darkened imaging environment with reduced or limited ambient
light. Thus, the drape may reduce/prevent ambient light from entering the interior
environment of the drape. The inventors have found that, to provide acceptable quality
fluorescent images, the amount of ambient (visible) light in the imaging environment
should be less than about 402 mW/m2. In some embodiments, the drape may be
configured to provide an imaging environment having less than about 402 mW/m2 of
ambient light. Thus, the inventors have established a threshold/acceptable level of
ambient light for fluorescent imaging at about 402 mW/m2 of ambient light. In other
embodiments, the drape may be configured to provide a portable imaging environment
having less than about 401.1 mW/m2, less than about 350 mW/m2, less than about 300
mwW/m2, less than about 250 m\W/mz, less than about 200 mW/m2, less than about 190
mW/m2, and/or less than about 185 mW/m2 of ambient light. In one example
embodiment, fluorescent imaging was performed in a well-lit hospital room. The amount
of ambient light in the hospital room was measured to be 290,200 mW/m2. The amount
of ambient light measured in the portable darkened imaging environment formed by a

drape in accordance with the present disclosure was 184.6 mW/mz2. Thus, in this
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example, the imaging drape prevented about 99.94% of ambient light in the external
imaging environment from entering the portable imaging envirenment defined by the
interior of the imaging drape.

[0094} As discussed above, connecting element 50 is configured to secure the
imaging device to the drape during an imaging procedure. Connecting element 50 may
be attached to the drape via welding, adhesive, or any other well-known attachment
means. Itis also contemplated that connecting element 50 and drape 10 are formed as
a unitary member. Connecting element 50 may be removably attached or permanently
attached to the drape. In some embodiments, connecting element 50 is formed of an
injection molded plastic material, such as, for example, high density polyethylene.
[0095] As shown in the example embodiment of Fig. 8A, connecting element 50
forms a frame around opening 133, which is the opening into the drape body and the
opening through which the imaging device “views” the imaging target and images the
target. The frame may be substantially rectangular in shape and includes a top, planar
surface 103 and one or more grasping elements configured to “hold” the imaging
device. The grasping elements may be referred to herein as clasps, clamps, or clips.
Grasping elements 105 (e.g., connectors) project outward from surface 103 when
grasping elements 105 are in an open configuration. Grasping elements are configured
to rotate in a range of motion of about 20 degrees from the open configuration (Fig. 8A)
to a closed configuration (Fig. 8B). When in the open configuration, grasping elements
105 may have a slight bias inward, toward a center of connecting element 80, so that
the imaging device may be secured on top, planar surface 103 of connecting element

50 between grasping elements 105. Thus, grasping elements 105 secure the imaging
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device using a snap-fit arrangement. However, it is also contemplated that the imaging
device may be secured to connecting element 50 using, for example, clips, straps, tape,
Velcro, adhesives, buttons, or any other well—khown attachment means. Fig. 8C shows
a view of the imaging device secured within g'rasping elements 105.

[0096] In the closed configuration, as shown in Fig. 8B, grasping elements 105 are
folded down so that they are flush with surface 103. For example, grasping elements
105 may fit within recesses 107 when folded down in order to minimize their vertical
extension from surface 103 in the closed .configuration. Such may help to minimize
height and space requirements during packaging.

[0097] As shown in Figs. 8A and 8B,Iplanar surface 103 forms openihg 133 which
may be substantially kidney-shaped. When an imaging device is disposed in connecting
element 50, a lens and an excitation light source of the imaging device are aligned with
opening 133 so that the FL light from the imaging device is emitted through opening
133. Additionally, the opening 133 is sufficiently sized so that the body of the imaging
device blocks the top of the opening and ambient light does not enter the interior of the
drape environment from this opening. Thus, opening 133 of connecting element 50 is
configured to sealingly engage the iméging device to prevent passage of |
electromagnetic radiation through the opening and into an interior of the drape.

[0098] Figs. 8A-8D show a top view of connecting element 50. Fig. 8E shows a
bottom side of connecting element, which is dispoéed on a bottom, interior portion of the
drape when connecting element 50 is attached to the drape. Bottom side of connecting
element 50 includes a bottom, planar surface 104 and one or more projections 54

extending from surface 104. Projections 54 may be spaced apart to give structure to the
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drape to prevent the material of the drape from collapsing into the field of view.
Projections 54 are also flexible and able to bend to allow for imaging near surfaces such
as walls or beds. Planar surface 104 and projections 54 may also prevent/reduce any
light from entering the interior of the drape through the connection between the drape
and the imaging device.

[0029] An underside of each of planar surfaces 103, 104 may include an adhesive
material for attachment to the drape. Thus, a back side of these surfaces may comprise
an adhesive backing. However, it is also contemplated that planar surfaces 103, 104
may each be attached fo the drape thrbugh any well-khown attachment means such as
welding, Velcro, staples, and/or tape. Additionally, as discussed further below, a valve
55 may be disposed through planar surfaces 103, 104 to aid in deployment of the
drape.

[00100]  Figs. 8F and 8G show the boftom side of conneécting element 50 and the
drape with an imaging device disposed within opening 133. As discussed further below,
a lens and the excitation light source(s) of the imaging device are disposed within
opening 133 in order to perform FL imaging within the portable imaging environment of
the drape. A white-light source, such as a flash, may also be disposed on the portion of
the imaging device disposed within opening 133.

[00101]  ltis also contemplated that other-connecting elements may be used to
attach the imaging device to the drape, including, for example, clips, hooks, and loop
fasteners. These other connecting elements may be used separately from or
incorporated with connecting element 50. Fig. 8H shows another example embodiment

of connecting element 50 in which grasping elements 105 are aoffset from each other.
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Such may be used to decrease any inadvertent movement of the imaging device when
secured on connecting element 50.

[00102]  Fig. 81 shows an embodiment in which the connecting element 50 is
attached to a mask 700, which may be formed of, for example, a polyethylene film.
Mask 700 may include an adhesive backing that attaches fo surface 104_of connecting
element 50. Mask 700 may prevent/reduce light leakage from entering through the
connection point between the imaging deviée and the drape. Mask 700 may include
one or more through-holes 720 that are éonﬁgured to be aligned with fiap valve 55, as
discussed below.

[00103]  As discussed above, the imaging device may be secured to the d_rape either
before or after the drape is deployed. Fig. 9A shows the imaging device secured to the
drape in its undeployed configuration. Figs. 9B and 9C show the imaging device
secured to the drape in its open, deployed configuration. In the undeployed
configuration, the drape may lay substantially flat. The drape is substantially flexible in
both configurations. As shown, for example, in Fig. 9A, the drape may have a circular
shape when undeployed. However, it is also contemplated that the drape may assume
a variety of shapes in the undeployed and deployed conﬁgurationé. In accordance with
one aspect of the present disclosure, the drape may be stored in a sterilized condition
before use. The drape may be stored, for example, on a dispenser device 320 such as
the device shown in Figs. 10A-10C. Fig. 10D shows an image of an example drape in
an undeployed condition on dispenser device 320. As shown in Figs. 10A-10C,
dispenser device 320 includes first and second cavities 323, 325 separated by first wall

327 on planar surface 324. A second wall 328 forms a border along the outer perimeter
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of second cavity 325. First and second walls 327, 329 may form restraining elements
and may each have a height that extends upwardly from planar surfaée 324 of
dispenser device 320. Figs. 10A-10C shows walls 327, 329 as being concentrically
positioned and as having a circular shape. However, it is contemplated that the walls
may include any shape, as is well-known in the art. In some embodiments, the walls
have the same shape as shaping elements 60.

[00104]  When the drape is in the undeployed configuration, as shown in Fig. 10D,
cavities 323, 325 are configured to receive the drape body so that the material of the
drape does not become tangled, which may help to provide an even deployment of the
drape. Additionally, first and second walls 327, 329 may form barriers that are
configured to engage shaping elements 60 of the drape. For example, shaping
elements 60 may be disposed between walls 327, 329 and within cavities 323, 325 of
dispenser device 320, when the drape is in the closed, undeployed configuraiion.
[00105] Walls 327, 329 and shaping elements 60 are configured to cooperate
together to facilitate deployment of the drape. Fig. 10E shows the drape after
deployment from dispenser device 320.

[00108]  Dispenser device 320 may be formed of, for example, cardboard, plastic, or
rubber. The interior of the drape may be maintained in a sterile condition against
dispenser device 320 when the drape in the closed, undeployed configuration.
[00107] In one example embodiment, one or more one-way vaives, such as flap
valves 55 on connecting element 50, may assist in deployment of the drape from
dispenser device 320. As the drape is moved from the closed or undeployed

configuration to the open or deployed configuration, for example, as it is pulled away
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from dispenser device 320, air may mnove from outside the drape to within the interior of
the drape through flap valves 55. Such air movement into the interior of drape createé a
higher air pressure within the drape than exterior of the drape, thus helping to maintain
and hold the drape in the open, deployed configuration. During imaging, flap valves 55
remain ¢losed. Flap valves 55 may be formed of the same material as the material of
drape body 20. Each flap valve 55 may be a piece of material that is secured to
connecting element 50 over a hole in connecting element 50. Although described with
reference to dispenser device 320, flap valves 55 may also assist in deploying the drape
when dispenser device 320 is not used, for example, when the drape is opened from a
closed configuration on a user's working desk.

[00108]  As shown in Figs, 11A-11C, when stored in a sterilized condition, the drape
may be provided with a sterile cover 330. The cover 330 is positioned between, for
example, planar surface 103 of connecting element 50 and grasping elements 105 and
is positioned over opening 133. Removing the sterile cover 330 causes grasping
elements 105 to open from a closed storage position to an open position to receive the
handheld imaging device and to expose the opening 133 to receive the lens portion of
the imaging device. Sterile cover 330 may have substantially the same shape as the
opening 133 in connecting element 50.

[00109]  Fig. 11C shows sterile cover 330 positioned on drape, Fig. 11B shows
sterile cover 330 as it is being pulled upward and removed from the drape, and Fig. 11A
shows the drape with sterile cover 330 removed.

[00110]  Figs. 12A-12C show another example embodiment of an imaging drape

500. The imaging drape 500 is shown connected to an imaging device in Figs. 12D-
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12F. Drape 500 includes connecting element 501. In the example embodiment,
connecting element 501 does not include grasping elements, as discussed above, to
assist in securing the imaging device to the drape. Instead, connecting element 501
includes a ridge 510 that is used to form a préss—fit or snap-fit connection with the
imaging device. A projection on the imaging device (as discussed below) may engage
with ridge 510 to provide the press-fit or snap-fit connection. Additionally, one or more
protrusions 520 may be configured to engage with the projection on the imaging device
to grip the imaging device and better sécure it o the drape. In some embodiments,
protrusions 520 are teeth-like members that engage with the projection on the imaging
device. When an imaging device is pfoperly aligned and pressed down into connecting
element, protrusions 520 clip inte the projection on the imaging device in order {o
provide the snap-fit connection.

[00111]  Connecting element 501 may also include end cup members to 550 to help
facilitate the snap-fit connection befween connecting element 501 and the imaging
device. As shown in Fig. 12A, end cup members 5§50 may be smooth members
disposed at either end of opening 533, which is formed within connecting eler;lent 501.
End cup members 550 may provide guidance to center/position the imaging
head/optical head of the imaging device that is snap-fitted into connecting element 501.
[00142]  Fig. 12A shows opening' 533 as having a rectangular shape with protrusions
520 disposed on the longer sides of the rectangular shape and end cup members 550
disposed on the shorter sides of the rectangular shape. However, it is also
contemplated that protrusions 520 may bé disposed on the shorter sides of the

rectangular shape and that end cup members 550 may be disposed on the longer sides
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of the rectangular shape. Although Fig. 12A shows two end cup members 550, only
one end cup member 550 may be used on one side of opening 533. Furthermore, in
some embodiments, connecting element 501 may not include end cup members 550.
In this embodiment, protrusions 520 may be disposed around a majority or the entire
perimeter of opening 533 on connecting element 501. Connecting element 501 may be
formed of injection molded plastic, as discussed above.

[00113]  Fig. 12A shows a top, perspective view of connecting element 501 secured
to a drape. Fig. 12B shows a top view of connecting element 501 and an exterior view
of the drape, and Fig. 12C shows a bottom view of ¢connecting element 500 and a view
of the portable imaging environment formed by an interior of the drape.

[00114]  Similar to the embodiments discussed above, connecting element 501 may
also include a top, planar surface 503, one-way valves, such as a flap valves 555, and
projections 554. However, in the embodiment of Figs. 12A-12F, projections 554 are
disposed on a top surface of connecting element 501. Therefore, projections 554 are
viewable from the top view of Fig. 12B but are not viewable from the interior of the
drape in the view of Fig. 12C. Projections 5§54 help fo hold the drape material out of the
imaging field of view, as discussed above.

[00115]  In the embodiment of Figs. 12A-12F, connecting element 501 may be
formed of an injection molded plastic, such as polyethylene. Thus, connecting element
501 may be a relatively stiff member. In some embodiments, connecting element 501
has a thickness of about 1.8 mm, Projections 554 may be formed of the same material
as the remainder of connecting element 501, but may be less stiff than the remainder of

connecting element 501. Thus, projections 554 may be thinner than the remainder of
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connecting element 501. The material of the drape body may be formed of the same
material as connecting element 501, but may not be ejection molded so that the
material of the drape body is less stiff than connecting element 501 {including
projections 554). In some embodiments, the material of the drape body is also thinner
than connecting element 501 (including projections 554). The drape body may be
formed of a soft material that is welded to the relatively stiffer material of connecting
element 501. This may lower manufacturing costs by allowing flap valves 555 to be
integrated into the drape by being formed by the material of the drape body.

[00116]  Similar to the embodiments discussed above, connecting element 501 also
includes opening 533 in order to provide, from the imaging device, FL and/or white-light
imaging within the interior environment of the drape. In the embodiment of Figs. 12A-
12C, opening 133 is substantially rectangular in shape, as discussed above. However,
it is further contemplated that other shapes may be used.

[00117] Figs. 12D-12F show an example of an imaging device 600 secured to
connecting element 501 of the drape shown in Figs. 12A-12C. As discussed above, the
imaging device 600 is securely fastened to connecting element 501 through a snap-fit
connection that prevents/reduces any ambient light from entering the interior of the
drape through the top of the drape. A projection 670 on imaging device 600 may
engage with protrusions 520 and ridge 510 on connecting element 501 to provide the
snap-fit connection, as discussed above.

[00118]  An example embodiment of a modular handheld imaging device 600 is
shown in Figs. 12G and12H. Imaging device 600 includes a base body portion 610 with

a generally square or rectangular shape. A front, or user-facing side of the base body
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portion 610 includes a display screen 620 for displaying images and videos captured by
the device. Projection 670 projects outward from optical head/optical housing 640
although, alternatively, it may be positioned on base body portion 610, Although Fig.
12G shows projection 670 as disposed on a top portion of base body portion 610, it is
also contemplated that projection 670 may be disposed on other sides of base body
portion 610, depending on the location of protrusions 520 on connecting element 501,
[00119]  Although depicted as square or rectangular, imaging device 600 may take
on any shape that will reasonably support a display screen such as a touchscreen. In
addition to disclosing images captured by the imaging device 600, the display screen
also operates as a user interface, allowirg the user to control functions of the device via
touchscreen input.

[00120] Positioned on an opposits side of the device, a patient-facing side of the
device, may be handhold areas 630 configured to facilitate a user holding the device
during imaging. The patient facing-side of the device may also incorporate contacts 635
for wireless charging of the device.

[00121] In accordance with one aspect of the present disclosure, the patient-facing
side of device 600 also includes an optical housing 640. Optical housing 640 may be
detachable from base body portion 610. Optical housing portion 640 is illustrated as a
rectangular housing configured to be received in the opening of the connecting element
on the drape.

[00122] The optical housing 640 may take on different configurations. For example, as
shown in Fig. 12H, the optical housing portion 640 has a generally flat, oblong shape.

Optical components, for FL and/or white light imaging, are arranged in a generally linear
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manner across a width of the opticai housing. The optical components are described in
greater detail below,

[00123] In some embodiments, as shown in Fig. 121, the optical components may be
disposed in a distal tip 660 of an endoscope 650. Thus, endoscope 650 may be
disposed within the opening of the connecting element to direct the FL and/or white-light
image onto the area of the patient to be imaged. When connecting with the optical
portion of endoscope 650, the drape connector 501 may have a circular shape.
Additionally or alternatively, the endoscope 650 may be provided with a shield similar to
the one discussed below with regard to Figs. 15A-15C, which may then connectto a
portable imaging environment in accordance with the present disclosure,

[00124]  Itis within the scope of this disclosure that various aspects of the above-
discussed embodiments of the drape maj/ be combined, Thus, the features of each of
these embodiments may be combined with features of the other embodiments. Various
features of the different embodiments are not mutually exclusive and, instead, can be
combinable as those having ordinary skill in the art would understand. An example of
deployment and use of the drape, with the MolecuLight i:X imaging device is described
below. The method may include obtaining a fluorescence-based image or video of a
target portion of a patient without changing ambient light conditions. The drape is first
removed from its sterile packaging. The operator may then remove sterile ¢cover 330 on
connecting element 50. Removal of sterile cover 330 causes the grasping elements 105
to open and project upward. The imaging device is then attached to the drape by being
clipped into grasping elements 105 of connecting element 50. The lens of the imaging

device is fitted into opening 133 on connecting element 50. The operator may then lift
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the imaging device upward and away from dispenser device 320, thus deploying the
drape in one simple motion as air moves through valves 55,

[00125] Once the drape is deployed, the operator may position the drape over the
area of the patient to be imaged. The body of the drape may be positioned to nest within
the different contours of the patient's body. In some embodiments, fixing elements 190
may be coupled to magnetic stickers on the patient’s body, in order to provide proper
alignment with the drape and the contours of the patient’s body. It is also contemplated
that the operator may bend or othen/visev manipulate shaping elements 60 so that the
drape befter nests within the ;:ontours of the patient's body.

[00126]  Next, the operator may eﬁsure fhat the proper imaging conditions are met,
for example, that the interior environment of the drape is sufficiently dark. If the drape
body is not properly nested with the contours of the batient's body, the interior
environment of the drape may not be sufficiently dark. The operator may verify that the
ambient light sensor of the imaging device shows that the proper imaging conditions are
met. In some embodiments, the ambient light sensor may display green when the
proper imaging conditions are met.

[00127]  The operator may turn on tﬁe viclet LEDs and capture a FL image or video
using the drape. Additionally or alternatively, the operator may capture an image or
video with the drape using white-light imaging. Upon completion of the imaging, the
drape is removed from the patient and from the imaging device. The drape may then be
disposed of or sterilized for re-use.

[00128]  The drape may be manufactured abcording to the exempiary method

discussed below. The material forming the body 20 of the drape may be cut into the
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shape of an arc and then formed into, for example, a truncated cone shape (an outer
arc length of the arc forming the bottom circumference of the cone and an inner arc
length of the arc forming the top bircumference of the cone). Additionally, the material
forming the body 20 of the drape may be cut into a circular shape with an opening for
attachment to connecting element 50/501. The circular shape may then be welded to
the truncated cone shape to form the drape. |

[00129]  The connecting element 50/501 may be formed by injection molding. The
connecting element 50/501 may be welded to the material of the drape body, for
example by plastic welding. Although it is contemplated that other mounting methods
may be used. [n some embodiments, the body of the drape and the connecting element
50/501 may be unitarily formed, for example, in embodiments where these components
are formed of molded rubber. The metal wires forming the shaping elements may be
embedded in the drape by tapping or welding.

[00130]  The drape is manufactured and packaged in such a way that the end-user
will receive a sterile product. The drape may also be deployed from its packaging by the
operator without compromising the sterility of the inside wall of the drape (the portion of
the drape contacting the patient).

[00131]  An exemplary method of obtaining @ measurement of a target without
changing ambient light includes removing cover 330 from an opening of the drape.
Next, an operator may attach an imaging device to the drape while the drape is
connected to a packaging element, such as dispenser device 320. Then, the operator
may move the imaging device and attached drape away from the packing element to

deploy the drape. The operator may position an open, botiom end of the drape over an
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area of a body containing the target to be measured. A portion of the drape around the
body area containing the target to be imaged may be contoured to create a darkened
environment around the body area containing the target to be measured, such that the
drape is configured to limit the passage of electromagnetic radiation through the drape
into the darkened environment. An operator may also measure the target on the body
area with the imaging device attached to the drape. As discussed further above, the
target area may be a wound, lesion, cut, incision, or tumor. When FL. imaging a wound,
the clinician may be intent on visualizing any bacteria in the wound. During FL imaging
of bacteria, when illuminated by blue/violet excitation light, for example excitation light
having a wavelength of 405 nm % 10 nm, the bacteria will emit fluorescence signals
responsive to the illumination. The signals may have wavelengths between about 500
nm and about 550 nm and greater than about 600 nm, in some cases between about
600 nm and about 660 nm. A filter in the imaging device is configured to allow signal
corresponding to this autofluorescence of the bactetia to pass through the filter to an
image sensor of the imaging device.

[00132]  The operator may measure the target on the body area by capturing and
viewing a white-light image of the target on a screen on the imaging device. The white-
fight image may be captured in the darkened environment using the drape. Additionally
or alternatively, the operator may measure the target on the body area by capturing and
viewing a FL image of the target on a screen on the imaging device. The FL image may
be captured in the darkened environment using the drape.

[00133] Figs. 13A-13C show an exemplary imaging device 400 that may be used with

some of the embodiments of the drape disclosed herein. Imaging device 400 is a
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portable, handheld device that dees not require contact with a patient to obtain a white-
light or FL image/video of a target area on the patient. As discussed above, in some
examples, the target is a wound on the patient. An operator of imaging device 400 is not
required to wear eye or skin protection when operating the device. Imaging device 400
may be used to capture real-time images/videos. The device includes a pulsed laser-
base range finder to determine the optimal distance between the device and target area
for superior image quality. The device does not require the use of exogenous imaging
contrast agents to obtain the FL image/video.

[00134] As discussed below, imaging device 400 includes a portion with a lens and at
least one violet light source. Connecting element 50/501 is configured to encompass an
area surrounding the lens and the at least one light source to position the light source
within the interior space of the drape hody.

[00135] As shown in Fig. 13A, imaging device 400 includes a power button 410 and a
display screen 430 on a body 420. Heat sink 445 is located on body 420 and is used to
dissipate heat during use of the device.

[00136] As shown on the rear side of imaging device 400 in Fig. 13B, body 420
includes an illumination zone 429 comprising one or more excitation light sources, LEDs
440, to provide illumination when the device is in FL imaging mode. In some
embodiments, illumination zone 429 includes two violet LEDs configurated to provide
excitation light at about 405 nm. During FL imaging, the excitation light is directed to
and illuminate an imaging target, such as for example, a wound and surrounding skin,
for high-resolution and real-time fluorescence imaging of bacteria and tissue

components contained within the wound. lllumination with the excitation light causes
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bacteria and tissue components within the wound to fluoresce, without the need for
contrast agents, and the imaging device captures the fluorescent signals emitted by the
bacteria and tissue components. When the wound is illuminated by the 405 nm
excitation light emitied, for example, from LEDs 440, collagens in the connective tissue
matrix emit a green colored fluorescent signal, and some bacteria emit a red colored
fluorescence signal due to the production of endogenous porphyrins, while other
bacteria emit a cyan colored fluorescence signal due to the production of endogenous
pyoverdine. Imaging device 400 may simultaneously capture fluorescence from bacteria
and other tissues and create a composite image on display screen 430. The user can
easily and instantly visualize the presence and location of bacteria within and around
the wound on the patient.

[00137] LEDs 440 are configured to produce excitation light to illuminate a target in a
patient to elicit an optical signal (e.g., fluorescence) to be imaged with, for example,
violet or blue light (e.g., 400-450nm}, or any other combination of single or multiple
wavelengths {e.g., wavelengths in the ultraviolet/visible/near infrared/infrared ranges).
LEDs 440 are configured to produce light having wavelengths of between about 400 nm
and about 450 nm, about 450 nm to about 500 nm, about 500 nm to about 550 nm,
about 600 nm to about 850 nm, about 650 nm to about 700 nm, about 700 nm to about
750 nm, and about 750 nrm to about 900 nm. In some embodiments, LEDs 440 are an
LED array, a laser diode, and/or filtered lights in a vériety of geometries. |

[00138] As shown in Fig. 13B, illumination zone 429 may also comprise a lens that
directs the fluorescence signals emitted by the target fo a filter, and then to an image

sensor contained in the body of the imaging device. The image sensor provides image
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and video capture of botﬁ fluorescent and white light signals. lllumination zone 429 (also
known as the imaging head or optical head) may include a flash for white light imaging.
llumination zone 429 is disposed within the opening in the connecting element of the
imaging drape in a press-fit or snap-fit manner and may be further secured by clamps,
clips, or other fastening elements, as discussed above. When positioned within the
opening of the drape via the connecting element, the lens of the illumination zone can
direct fluorescent signals emitted by the imaging target to the image sensor {o capture
white-light and/or FL image/video.

(001391 Body 420 of imaging devicé 400 may include a switch 450 to toggle between
white-light and FL imaging modes. Body 420 may also include holding contours 425 that
allow a user to easily grip the device during use. in some embodiments, body 420 may
have a charging port 470, which allows the device to be charged with a power cable,
[00140] Imaging device 400 may also include one or more sensors 480, for example a
range finder sensor to detect an optimal distance from the wound and an ambient light
sensor to detect optimal lighting conditions for FL imaging mode.

[00141] A front side of imaging device 400 may include status indicators 427 to
indicate an overall device performance status, a battery charge status, an optimal
distance from the wound, and an optimal lighting environment for FL imaging mode.
[00142] Imaging device 400 may also include one or more optical filters (not shown)
to remove any undesired wavelengths. Additionally, imaging device 400 may include a
rechargeable battery (not shown).

[00143] The imaging device may be used to instahtly visualize the presence of

potentially harmful bacteria commonly found within or around a wound, including S.
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aureus, P. aeruginosa, E. coli, Coagulase-negative staphylococci, Enterococcus spp,
Proteus spp, Kiebsfella pneumnoniae, Beta-hemolytic streptococei (Group B), and
Enterobacter spp. The bacteria may be visualized by imaging device 400 during clinical
assessment, treatment, and/or monitoring of the treatment of response of the wound.
[00144] As discussed above, imaging device 400 may be used with the drape
disclosed herein to obtain a white-light and/or FL. image/video. During use, imaging
device 400 should be held about 8-12 ¢m away from the wound. Thus, the device does
not require contact with the patient during operation. The range finder sensor may be
green when the distance between the device and the wound is optimal. Additionally,
imaging device 400 should be held so that a plane of the wound is approximately
paraliel to a plane of the device. U

[00145] The various components of imaging device 400 may be incorporated into the
other imaging devices disclosed herein, such as the imaging devices of Figs. 12G, 12H,
121, and 14.

[00146]  Fig. 14 shows another embodiment of an imaging device that may be used
with the various exemplary embodiments of the drape disclosed herein. Imaging device
4000 includes a body 4200 having a first end portion 4112 and a second end portion
4114. The first end portion 4112 is sized and shaped to be held in a single hand by a
user of the device. The first end portion 4112 may include controls 4130 configured to
actuate the device, toggle between and/or otherwise control different light sources, and
switch between one or more optical imaging filters. Such controls can include buttons,

switches, capacitive discharge sensors, or other devices to be manipulated by the user.
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[00147]  Second end portion 4114 of imaging device 4000 may be tapered and/or
elongated to facilitate insertion of a distal end or tip 4116 of the second end portion into
a surgical incision of 2-3 em in size and into a patient’s surgical cavity from which a
tumor or cancerous tissue has been removed, for example, during breast cancer
surgery. Second end portion 4114 may be rigid and positioned at an angle relative to
first end portion 4112 fo facilitate better access under skin flaps, or may be configured
to be flexible to facilitate imaging surgical cavities with complex geometries,

[00148]  Distal end 4116 includes one or more light sources, such as light-emitting
diodes (LEDs) configured to emit light having a specific wavelength, as discussed
above. Distal end 4116 may also include a camera sensor having a lens and one or
more optical filters, as discussed above. In imaging device 4000, the excitation light
source may be configured to cause porphyrins in tumor cells to fluoresce. When
illuminated by 405 nm excitation light, the porphyrins and, thus, tumor cells fluoresce
red. The porphyrins in the tumor cells and in other cancerous tissue may be induced by
administration of a compound such as 5-A‘LA to a patient prior to surgery. In addition to
using the imaging device 4000 to examine the surgical cavity, the device can be used
with tissue specimens excised during surgery. The imaging drape can be attached to
the imaging device to position the excised tissue in the darkened portable imaging
environment while the specimen is subject to FL imaging. The imaging device may have
other excitation light sources of different wavelengths which may also be used with an
imaging drape in accordance with the present disclosure,

[00149]  The imaging device and drape, according to the various embodiments

disclosed herein, may be used with a sterile shield 5000 to provide a barrier between a
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non-sterile imaging device contained in the shield and the sterile field of surgery, for
example, the sterile field within a surgical operation room. Such may allow the non-
sterile device, fully contained in shield 5000, to be used in a sterile environment. Thus,
shield 5000 may be a surgical drape that contains the non-sterile environment from
exposing the sterile environrhent,

[00150]  Fig. 15B shows shield 5000 disposed over imaging device 4000, and Fig.
15A shows a cross-sectional view of a distal end portion of the imaging device with the
shield disposed over it. Although Figs. 15A and 15B show shield 5000 as being used
with imaging device 4000, it is contemplated that shield 5000 may be used with any of
the imaging devices disclosed herein, as well as other devices, and shaped to
accommodate whatever device it is used with,

[00151] Shield 5000, when disposed on the imaging device, may extend from a
proximal end fo a distal end of the device, for example, from first end portion 4112 to
second end portion 4114 of the imaging device. A proximal portion of shield 5000 may
include a closing mechanism to secure shield 5000 on the imaging device. Shieldk 5000
may comprise a polymer material, such as polyethylene, polyurethane, ar other polymer
materials. In some embodiments, shield 5000 is transparent so that a user may view
the imaging device through shield 5000,

[00152]  As shown in Fig. 15B, shield 5000 may he shaped to mate with and fit the
contours of the imaging device. Shield 5000 may be coupled and disposed over the
imaging device prior to attachment of the imaging device fo the imaging drape.

[00153] Fig. 15A shows a distal end portion of shield 5000 including a distal end cap

5010, which is connected to the distal end of the polymer material of shield 5000. Distal
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end cap 5010 may be a lens formed ¢f a plastic material such as, for example, acrylic or
polycarbonate so as not to affect the optics of imaging device 4000. In some
embodiments, distal end cap 5010 is welded to the polymer material of shield 5000.
Additionally, distal end cap 5010 may be transparent, similar to the polymer material of
shield 5000. Thus, the FL and/or white-light emitted from the imaging device may
penetrate through the transparent lens of distal end cap 5010 and into the interior
environment of the drape.

[00154] Fig. 15C shows an exemplary embodiment in which shield 5000 is
disposed over the imaging device and the device is coupled to the drape for imaging a
patient using FL and/or white-light imaging. The drape in Fig. 15C may be any of the
drape embodiments disclosed herein. As shown in Figs. 15A-16D, the drape and shield
may each have mating retaining features to couple the imaging device to the drape. In
some embodiments, distal end cap 5010 includes a connecting element 5020 that is
configured to mate with a support ring on a connecting element on the drape, as
discussed further below. The mating connection between connecting element 5020 and
the support ring may provide a secure attachment between the imaging device and the
drape, and may reduce/block all light from entering the interior of the drape. As shown
in Figs. 15A and 16A, connecting element 5020 may be an indentation in distal end cap
5010. For example, connecting element 5020 may be a circumferential groove in distal
end cap 5010. In some embodiments, connecting element 5020 may be a breakable
member that is configured to break first when the imaging device is disconnected from
the drape. As discussed further below, the breakable feature of connecting element

5020 may prevent the shield from being reused.
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[00155] Distal end cap 5000 may also include an indicating feature 5030 used to
help guide the connection of shield 5000 with a drape. As shown in Fig. 15A, indicating
feature 5030 may be an indentation in a distal end cap 5010. Indicating feature 5030
may be used to properly align the drape with the imaging device. Thus, indicatiﬁg
feature 5030 may be used as an indication to a user to not place the drape material
proximal of indicating feature 5030. Fer example, indicating feature 5030 may be a
circumferential groove in distal end cap $010.

[00156]  The retaining feature on thé drape may be connecting element 5500, as
shown in Fig. 16B. Connecting element 5500 may include a mount 5510 that is
attached to the drape body. Mount 5510 may be welded to the drape, or attached via
adhesives, tape, Velcro, staples, etc, A support ring 5620 may extend outward from the
mount 5510. One or mare sidewalls 5530 may brace support ring 5520 on mount 5510.
An opening 5333 may be defined in mount 5510 such that opening 5333 is bordered by
sidewalls 5530. Opening 5333 may be aligned with opening 133 on the drape, as
discussed above. At least a portion of distal end cap 5010 may be disposed in opening
5333 when the imaging device is secured to the drape.

[00157]  Connecting element 5020 on shield 5000 may be configured to mate with
support ring 5520 on connecting element 5500 in order to secure the imaging device to
the drape. Thus, support ring 5520 may be configured to be nested within the
circumferential groove of connecting element 5020 to securely fasten the imaging
device to the drape. In some embodiments, connecting element 5020 and support ring
5520 form a male-female locking mechanism. It is also contemplated that these

components may be coupled together via an interference fit.
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[00158] Fig. 16C shows connecting elemént 5020 and support ring 5520 interacting
to secure the imaging device to the drabe. Such may allow the imaging device to obtain
a FL and/or white-light image within the darkened interior environment of the drape, as
discussed above. Removal and disconnection of the imaging device from the drape
causes the shield to break at connecting element 5020. For example, disconnecting the
imaging device from the drape causes thé donnecting element 5020 to bend and flex on
support ring 5520. This bending and flexing causes the connecting element 5020 to
break. Thus, distal end cap 5010 is se‘pérated from the remainder of the shield at
connecting element 5020. Because connecting‘element 5020 is a groove/indentation in
shield, it is configured to break first when the imaging device is removed from the drape.
However, it is also contemplated that Qonnecting element 5020 may be a weakened or
thinner piece of material on the shield to provide the breakable nature of this
component. The separation of distal end cap 5020 from the remainder of the shield
prevents the shield from being reused.

[00159] In the embodiment of Fig. 16B, connecting element 5500 does not include
projections to prevent the material of the drape from collapsing into the field of view. In
this embodiment, connecting element 5500 may be used with a relatively smalier drape
that does have excess maierial that may inadvertently move into the field of view.
[00160] Forthe purposes of this specification and appended claims, unless otherwise
indicated, all numbers expressing quantities, percentages, or proportions, and other
numerical values used in the specification and claims, are to be understood as being
modified in all instances by the term “about,” to the extent they are not already so

modified. Accordingly, unless indicated to the contrary, the numerical parameters set
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forth in the following specification and attached claims are approximations that may vary
depending upon the desired properties sought to be obtained. At the very least, and not
as an attempt to limit the application of the doctrine of equivalents to the scope of the
claims, each numerical parametér should at least be construed in light of the number of
reported significant digits and by appiying ordinary rounding techniques.

[00161] Further, this description's terminology is not intended o limit the disclosure.
For example, spatially relative terms—such as “beneath”, “below”, "lower”, “abové",
“upper”, “proximal’, “distal”, and the like—may be used to describe one element’s or
feature's relationship to another element~0r feature as illustrated in the figures. These
spatially relative terms are intended to encompass different positions (i.e., locations)
and orientations (.., rotational placements) of a device in use or operation in addition
to the position and orientation shown in the figures. For example, if a device in the
figures is turned over, elements described as "below” or “beneath” other elements or
features would then be “above” or "over” the other elements or features. Thus, the
exemplary term “below” can encompass both positions and orientations of above and
below. A device may be otherwise oriented (rotated 90 degrees or at other orientations)
and the spatially relative descriptors used herein interpreted accordingly. Likewise,
descriptions of movement along and around various axes includes various special
device positions and orientations. In addition, the singular forms “a”, “an”, and “"the” are
intended to include the plural forms as well, unless the context indicates otherwise. And,
the terms “comprises”, “comprising”, “includes”, and the like specify the presence of

stated features, steps, operations, elements, and/or components but do not preciude

the presence or addition of one or more other features, steps, operations, elements,
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components, and/or groups. Components described as coupled may be electrically or
mechanically directly coupled, or they may be indirectly coupled via one or more
infermediate components. Mathematical and geometric terms are not necessarily
intended to be used in accordance with their strict definitions unless the context of the
description indicates otherwise, because a person having ordinary skill in the art would
understand that, for example, a substantially similar element that functions in a
substantially similar way could easily fall within the scope of a descriptive term even
though the term also has a strict definition,

[00162]) Those of ordinary skill in the art will understand that embodiments pf the
present disclosure contemplate various mechanisms, which include various
configurations of features, for the material of the drape, shaping elements for the drape,
caonnecting elements for connecting the drape to a portable handheld imaging device.
As will be apparent after reading the disclosure, other materials and/or structures may
be used for these mechanisms without departing from the scope of the application.
[00163] Furthermore, the devices and methods may include additional components or
steps that were omitted from the drawings for clarity of illustration and/or operation.
Accordingly, this description is to be construed as illustrative only and is for the purpose
of teaching those skilled in the art the general manner of carrying out the present
disclosure. It is to be understood that the various embodiments shown and described
herein are to be taken as exemplary. Elements and materials, and arrangements of
those elements and materials, may be substituted for those illustrated and described
herein, parts and processes may be reversed, and certain features of the present

disclosure may be utilized independently, all as would be apparent to one skilled in the
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art after having the benefit of the description herein. Changes may be made in the
elements described herein without departing from the spirit and scope of the present
disclosure and following claims, including their equivalents.

[00164] Itis to be understood that the particular examples and embodiments set forth
herein are non-limiting, and modifications to structure, dimensions, materials, and
methodologies may he made without departing from the scope of the present
disclosure.

[00165] It should be understoed that while the present disclosure has been described
in detail with respect to various exemplary embodiments thereof, it should not be
considered limited to such, as numerous modifications are possible without departing
from the broad scope of the appended claims, including the equivalents they

ENCompass.
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CLAIMS

1. Adrape, comprising:

a drape body, wherein the drape body is configured to limit passage of
electromagnetic radiation through the drape body to an interior imaging environment
defined by the drape body such that electromagnetic radiation within the interior imaging
environment does not exceed a predetermined threshold; and

a connecting element permanently coupled to the drape hody and defining a hole
in the drape body, the connecting element being configured to attach the drape to an
imaging device.

2. The drape of claim 1, wherein an amount of electromagnetic radiation above the
predetermined threshold is an amount of electromagnetic radiation known to interfere
with fluorescence and white light imaging.

3. The drape of claim 1 or claim 2, wherein the connecting element further
comprises at least one support structure,

4, The drape of claim 3, wherein the at least one support structure is positioned on
an interior surface of the drape.

5. The drape of claim 3 or claim 4, wherein the at least one support structure is
configured o support a portion of the drape body, surrounding the connecting element,
when the drape is in a deployed configuration such that the portion of the drape extends
in a planar fashion from the connecting element to a first shaping structure of the drape.
6. The drape of any one of claims 3-5, wherein the at least one support structure

comprises a plurality of support structures.

-62 -



WO 2019/213737 PCT/CA2019/000061

7. The drape of any one of claims 3-6, wherein the plurality of support structures
extend radially outward or circumferentially from a frame of the connecting element.

8. The drape of any one of claims 3-7, wherein the at least one support structure is
a finger element.

9. The drape of claim 8, wherein the at least one support structure includes a
plurality of finger elements extending from a frame of the cennecting element.

10.  The drape of any one of claims 3-9, wherein the.at least one support structure is
flexible.

11.  The drape of any one of claims 5-10, wherein the portion of the drape body
extending to the first shaping element is substantially circular,

12.  The drape of any one of claims 5-11, wherein the first shaping element is a
flexible structure embedded in the drape body.

13.  The drape of any one of claims 5-12, wherein the first shaping element is
configured to maintain a shape of the drape body in the deployed configuration,

14.  The drape of any one of claims 5-13, wherein the first shaping element is
configured to cooperate with the at least one support structure to hold the drape body
out of a field of view of the imaging device.

15.  The drape of any one of claims 5-14, wherein the first shaping element is further
configured to change a shape of the drape in response to user manipulation and to
maintain the change of shape after release by a user.

16.  The drape of any one of claims 1-15, further comprising at least one va;IVe

configured to permit air flow into the drape during deployment of the drape.
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17.  The drape of claim 16, wherein the at least one valve is a one-way valve
configured to prevent air from escaping from the interior imaging environment after
deployment of the drape.

18.  The drape of any one of claims 1-17, wherein the drape has a substantially
circular shape in an undeployed configuration. |

19.  The drape of claim 18, wharein the drape has a substantially cylindrical shape in
a deployed configuration.

20.  The drape of claim 18, wherein the d'rape has a truncated-cone shape in a
deployed configuration.

21.  The drape of any one of claims 5-20, further comprising a second shaping
element.

22. The drape of claim 21, wherein the second shaping element has a substantially
circular shape.

23. The drape of claim 22, wherein the second shaping element is positioned radially
outward from the first shaping element when the drape is in the undeployed
configuration.

24,  The drape of any one of claims 1-23, wherein the connecting element comprises
a frame.

25, The drape of claim 24, wherein the hole in the drape body is formed in the frame
of the connecting element.

26.  The drape of claim 25, wherein the frame is substantially rectangular in shape.
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27. The drape of any one of claims 1-26, wherein a hole in the drape body is shaped
and sized to receive a portion of the imaging device containing a light source and a
lens.

28. The drape of claim 27, wherein the hole is substantially kidney shaped.

29. The drape of any one of claims 1-28, wherein the connecting ¢lement further
comprises clips configured to attach to the imaging device.

30. The drape of claim 29, wherein the clips are movable between an open position
and a closed position.

31, The drape of claim 30, further comprising a cover portion configured to sit
between the hole in the drape body and the clips.

32. The drape of claim 31, wherein the clips are ¢onfigured to move to the open
position during removal of the cover portion.

33. The drape of any one of claims 1-32, wherein, when in a deployed convfiguration,
the drape includes a top portion that extends substantially radially around the
connecting element and a skirt portion that extends vertically from a perimeter of the top
portion of the drape.

34. The drape of claim 33, wherein the skirt portion is flexible.

35. The drape of claim 33, wherein the skirt portion is substantially rigid.

36. The drape of any of claims 33-36, wherein a bottom of the skirt portion includes
one or mare fixing elements configured to fix the bottom of the skirt portion of the drape
relative to an area to be imaged, such that the area to be imaged is positioned or

contained within the interior imaging environment of the drape.
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37. The drape of claim 36, wherein the one of more fixing elements include at least
one of a weighted element, a magnet, a draw string, tape, a wire, and a hook and loop
closure.
38. The drape of any one of claims 1-37, wherein the drape comprises at least one of
a plastic material, a paper material, a vinyl material, a cloth material.
39. The drape of claim 38, wherein the drape further comprises a coating configured
to limit passage of electromagnetic radiation,
40,  The drape of claim 38 or claim 38, wherein an interior surface of the drape which
defines the interior imaging environment is coated with a material to reduce reflection
within the interior imaging environment.
41. A system for fluorescence-based imaging of a target, comprising:

the drape of ¢laim 1; and

a portable, handheld imaging device, wherein the imaging device includes a
portion with a lens and at least one violet light source, and wherein the connecting
element is configured to encompass an area surrounding the lens and the at least one
light source to position the light source within the interior space of the drape body.
42. The system of claim 41, further corﬁprising a shield disposed over the iméging
device.
43. The system of claim 42, wherein the shield is a polymer material.
44, A drape, comprising:

a drape body configured to move between a closed configuration and an open

configuration, wherein the drape body is substantially planar in the closed configuration
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and in the open configuration, the drape body has a shape that is substantially
cylindrical, substantially rectangular, a truncated cone, or a truncated pyramid;

a connhecting element coupled to the drape body and configured to attach the
drape to a portable, handheld imaging device; and

at least one valve configured to pass air into the drape as the drape moves from
the closed configuration to the open configuration.
45, The drape of claim 42, further comprising at least one shaping element configured
to hold the drape in the open configuration.
46. The drape of claim 43, wherein the at least one shaping element is configured to
hold the drape out of a field of view of an imaging device connected to the drape when
the drape is in the open configuration.
47. The drape of claim 43 or claim 44, wherein the at least one shaping element is
configured to maintain the drape in the closed configuration prior to deployment of the
drape into the open configuration.
48. The drape of any one of claims 43-45, wherein the at least one shaping element
comprises a plurality of shaping elements.
49. The drape of any one of claims 43-46, wherein the plurality of shaping elements is
configured to permit a user to change a shape of the drape when in the open
configuration.
50. The drape of claim 47, wherein the shape of the drape may be configured to
conform to a shape of a part to be imaged.
51. The drape of claim 48, wherein the plurality of shaping elements maintain the drape

in the changed shape.
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52. The drape of any one of claims 43-49, wherein the at least one shaping element is a
wire.

53. The drape of claim 50, wherein the wire is embedded in the drape body.

54. The drape of any one of claims 43-51, wherein the connecting element comprises a
frame portion having an opening configured to receive a portion of the imaging device
and a plurality of connectors configured to releasably engage the imaging device.

55. The drape of claim 52, wherein the opening is configured to sealingly engage the
imaging device to prevent passage of electromagnetic radiation through the opening
info an interior of the drape.

56. The drape of any one of claims 43-53, wherein the drape comprises a material
configured to limit the passage of electromagnetic radiation through the drape body to
create an imaging environment within the drape.

57. The drape of any one of claims 42-54, wherein an interior surface of the drape is
sterile.

58. The drape of any one of claims 42-55, wherein the drape comprises a black
material.

59. The drape of any one of claims 42-56, wherein the drape comprises at least one of
a plastic material, a cloth material, a vinyl material, a rubber material, and a paper
material.

60. The drape of claim 57, wherein the drape comprises a plastic film.

61. The drape of claim 58, wherein the drape comprises a polyethylene film or a

polyolefin film.
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62. The drape of any one of claims 42-59, wherein an interior surface of the drape has
a matte finish. |
63. The drape of any one of claimé 42-60, wherein the interior surface of the drape
forms a non-reflective surface.
64, The drape of any one of claims 42-61, wherein, when the drape is in the open
configuration, the drape body is substantially rigid.
65, The drape of any one of claims 42-61, wherein, when the drape is in the open
configuration, the drape body is flexible.
66. A method of creating a portable imaging environment, comprising:

positioning a portable, handheld imaging device relative to an opening of a
darkening drape while the drape is in a collapsed condition;

connecting a frame of the drape 10 the imaging device; and

moving the imaging device and connected drape away from a packaging element
supporting the drape in the collapsed condition.
67. The method of claim 64, wherein moving the imaging device and connected drape
away from the packaging element includes passing air through at least one vent of the
drape into an interior of the drape. |
68. The method of claim 64 or claim 65, wherein positioning an imaging device relative
to an opening of a darkening drape includes creating a seal between a portion of the
imaging device and the opening of the drape to limit electromagnetic radiation from

passing into the interior of the drape through the opening.
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69. The method of any one of claims 64-66, wherein connecting the frame of the drape
to the imaging device comprises securing one or more connectors of the frame to the
imaging device.

70. The method of any one of claims 64—57, wherein moving the imaging device and
connected drape away from the packaging element includes expanding the drape from
the collapsed condition fo an expanded condition.

71. The method of claim 68, wherein expanding the drape from the collapsed condition
to the expanded condition includes moving the drape from a substantially planar shape
to one of a substantially cylindrical shape, a substantially rectangular shape, a
truncated-cone shape, and a truncated pyramidal shape.

72. The method of claim 68 or claim 69, wherein expanding the drape from the
collapsed condition to the expanded condition includes moving the drape away from the
packaging element until at least one shaping element of the drape releases from the
packaging element. |

73. The method of claim 70 wherein expanding the drape from the collapsed condition
to an expanded condition includes moving the drape away from the packaging element
until a plurality of shaping elements of the drape release from the packaging element.
74. The method of claim 71, wherein the plurality of shaping elements release from the
packaging element successively.

75. The method of claim 71, wherein the plurality of shaping elements release from the
packaging element substantially simultaneously,

76. The method of any one of claims 64-73, further comprising positioning the

expanded drape over a part to be imaged.
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77. The method of any one 6f claims 64-74, further comprising adjusting a shape of the
drape to conform to a part to be imaged.

78. The method of claim 75, wherein adjusting a shape of the drape to conform includes
manipulating at least one shaping element of the drape to conform to a contour of the
part to be imaged.

79. The method of any one of claims 64-76, further comprising, when the drape is in the
expanded condition, supporting a portion of the drape surrounding the opening to
maintain the portion of the drape in a position outside of a field of view of the imaging
device.

80. The method of any one of claims 64-77, further comprising positioning a bottom
portion of the drape around a part to be imaged in a draped fashion such that the
botton of the drape limits passage of electromagnetic radiation into an interior space
defined by the expanded drape, the interior space forming a darkened imaging
environment.

81. The method of any one of claims 64-78, further comprising using the imaging device
to obtain a fluorescent image or fluorescent video of a part {o be imaged within the
darkened imaging environment.

§2. The method of any one of claims 64-79, further comprising using the imaging device
to obtain a white light image or a white light video of a part to be imaged within the
darkened imaging environtment.

83. A method of obtaining a flucrescence-based image or video without changing
ambient lighting conditions, comprising:

removing a cover from an opening of a darkening drape;
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attaching an imaging device to the drape while the drape is connected to a
packaging element; and

moving the imaging device and attached drape away from the packaging element
to deploy the drape;

positioning an open, bottom end of the drape over an area of a body to be
imaged; |

contouring a portion of the drape around the body area to be imaged to create a
darkened imaging environment around the body area to be imaged, wherein the drape
is configured to limit passage of ambient light through the drape into the darkened
imaging environment; and |

capturing a fluorescent image or a fluorescent video of the body area with the
imaging device attached to the drape.
84. The method of claim 81, further comprising using a sensor of the imaging device to
verify that the darkened imaging environment within the drape satisfies fluorescent
imaging requirements.
85, The method of claim 81 or claim 82, wherein removing a cover from an opening of a
darkening drape moves one or more connecting mechanisms into an open position to
receive the imaging device while maintaining a sterile condition of an interior of the
drape.
86. The method of any one of claims 81-83, wherein attaching an imaging device to the
drape while the drape is connected to a packaging element includes aligning a lens
portion of the imaging device with a hole in the drape, the hole being formed in a

connecting frame of the drape.

- 72 -



WO 2019/213737 PCT/CA2019/000061

87. The method of claim 84, wherein wltaching an imaging device to the drape while the
drape is connected to a packaging element further comprises sealingly attaching the
lens portion of the imaging device to the connecting frame in a manner that prevents the
passage of ambient light through the hole in the drape.

88. The method of any one of claims 81-85, wherein capturing a fluorescent image ora
fluorescent video of the body area with the imaging device attached to the drape
includes illuminating the body area o be imaged with light from at least one violet LED.
89. The method of claim 86, wherein the at least one violet LED is positioned on the
lens portion of the imaging device aligned with a hole in the drape.

90. The method of any one of claims 81-87, further comprising maintaining a clear field
of view of the imaging device during imaging.

91. The method of claim 88, wherein maintaining a clear field of view includes
supporting an area of the drape surrounding the hole in the drape to keep the field of
view clear.

92. The method of claim 88 or clairm 89, wherein maintaining a clear field of view
includes supporting, at least one point along a length of the drape, a circumference or a
perimeter of the drape to keep the field of view clear.

93. The method of claim 89, wherein supporting an area of the drape surrounding the
hole in the drape includes supporting the drape with a plurality of supportt elements
extending radially from the connecting frame.

94, The method of claim 90, wherein supporting a circumference or a perimeter of the
drape, along a length of the drape, includes supporting the circumference or périmeter

of the drape with a flexible element embedded around the perimeter of the drape.
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95. The method of claim 92, wherein the flexible element embedded around the
perimeter is at least one wire.
96. The method of any one of claims 81~93, further comprising, subsequent to capturing
a fluorescent image or a fluorescent video of the body area with the imaging device‘
attached to the drape, removing the drape from the body area.
97. The method of claim 94, further comprising removing the imaging device from the
drape.
98. The method of claim 95, wherein removing the imaging device from the drape
includes releasing one or more connecting mechanisms connected to a body of the
imaging device.
99. The method of any one of claims 81-94, further comprising capturing a white light
image or a white light video of the body area with the imaging device attached to the
drape.
100. A dispensing element configured to store a darkening drape, comprising:
a substantially planar base portion; and
at least one restraining element configured to engage a shaping element of a
darkening drape.
101.  The dispensing element of claim 28, wherein the at least one restraining element
is positioned centrally on the planar base portion.
102. The dispensing élement of claim 98 or claim 99, wherein the af least one
restraining element has a height that extends upward from the planar base portion.
103. The dispensing element of any one of claims 98-100, wherein the at least one

restraining element is a ring extending upward from the planar base portion.
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104. The dispensing element of any one of claims 98-101, wherein the at least one
restraining element comprises at least two restraining elements, and wherein the at
least two restraining elements are concentrically positioned on the planar base portion.
105. The dispensing element of any one of claims 98-102, wherein the at least one
restraining element is a ring, the ring being circular or polygonal in shape.
108. The dispensing element of any one of claims 98-103, wherein the planar base
portion is formed of cardboard, rubber or plastic.
107. The dispensing element of any one of claims 98-104, wherein the at least one
restraining element is formed of cardboard, plastic, or rubber.
108. A darkening drape system, comprising:

a darkening drape comprising:

a drape body, wherein the drape body is configured to limit passage of
ambient light through the drape body to an interior imaging environment defined
by the drape bady,

a frame configured to attach the drape to an imaging device, and

at least one shaping element configured to maintain the drape in a
position outside a field of view of the imaging device during imaging; and
a drape dispensing element comprising:

a substantially planar base portion; and

at least one restraining element configured tb engage the at least one
shaping element of the darkening drape.

109. The system of claim 108, wherein an interior of the drape body is maintained in

sterile condition against the base portion of the dispensing element.
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110. The system of claim 106 or claim 107, wherein the at least one shaping element
of the drape is a wire, the wire having a shape that is circular or polygonal.

111.  The system of claim 108, wherein the at least one restraining element is a ring
element, the ring element having a shape that is circular or polygonal.

112. The system of any one of claims 106-109, wherein the at least one shaping
element is configured to fit within the at least one restraining element.

113, The system of claim 110, wherein the drape comprises at least two shaping
elements and the dispensing element comprises at least two restraining elements, the
restraining elements being positioned concentrically on the base portion of the
dispensing element.

114.  The system of claim 110 or claim 111, wherein each of the two shaping elements
and each of the two restraining elements are circular in shape.

115. The system of claim 110 or claim 111, wherein each of the two shaping elements
and each of the two restraining elements are polygonal in shape.

116. The system of any one of claims 106-109, wherein the at least one restraining
element is configured to fit within the at least one shaping element.

117.  The system of claim 114, wherein the drape comprises at least two shaping
elements and the dispensing element comprises at least two restraining elements, the
restraining elements being positioned concentrically on the base portion of the
dispensing element.

118. The system of claim 114 or claim 115, wherein each of the two shaping elements

and each of the two restraining elements are circular in shape.
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119, The system of claim 114 or claim 115, wherein each of the two shaping elements
and each of the two restraining elements are polygonal in shape.
120. The system of any one of claims 106-117, wherein the at least one shaping
element of the drape and the at least one restraining element of the dispensing element
are configured to cooperate to facilitate deployment of the drape.
121. The system of claim 118, wherein the drape further comprises at least one vent
configured to prevent creation of a vacuum within the drape as the drape is pulled away
from the base portion of the dispensing element,
122. The system of any one of claims 106-119, wherein the drape body is further
configured to limit passage of electromagnetic radiation other than ambient light through
the drape body to the interior imaging environment defined by the drape body.
123. The system of any one of claims 106-120, wherein the drape comprises at least
one of a plastic material, a rubber material, a paper material, a vinyl material, and a
cloth material.
124. A method of obtaining a measurement of a target without changing ambient
lighting conditions, comprising:

rernoving a cover from an apening of a darkening drape;

attaching an imaging device to the drape while the drape is connected io a
packaging element; and

moving the imaging device and attached drape away from the packaging element
to deploy the drape;

positioning an open, bottom end of the drape over an area of a body containing

the target to be measured;
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contouring a portion of the drape around the body area containing the target to
be imaged to ¢create a darkened environment around the body area containing the
target to be measured, wherein the drape is configured to limit passage of
electromagnetic radiation through the drape into the darkened environment; and
measuring the target on the body area with a portable, handheld imaging device
attached to the drape.
125. The method of claim 122, wherein the target is a wound, a lesion, a cut, an
incision, or a tumor.
126. The method of claim 122 or ¢laim 123, wherein measuring the target includes
viewing a white-light image of the target on a screen of the imaging device.
127. The method of any of claims 122-124, further comprising capturing a white-light
image of the target while the body area is in the darkened environment.
128. The method of any of claims 122-128, further comprising capturing a fluorescent
image of the target while the body area is in the darkened environment.
129. The drape of any one of claims 1-41, wherein the drape is configured for single-
use and is disposable.
130. The drape of any one of claims 41-63, wherein the drape is configured for single-
use and is disposable.
131. A drape, comprising:
a drape body, wherein the drape body is configured to limit passage of ambient
light through the drape bady to an interior imaging environment defined by the drape

body; and
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a connecting element coupled to the drape body and defining a hole in the drape
body, the connecting element including a planar surface and fingers that project
outwardly from the planar surface, and the fingers being configured to attach thé drape
to an imaging device.

132. A drape, comprising:

a drape body, wherein the drape body is configured to limit passage of ambient
light through the drape body to an interior imaging environment defined by the drabe
body; and

a retaining feature coupled to the drape body and being configured to attach the
drape tc an imaging device.

133. The drape of claim 132, wherein the retaining feature further comprises a support
ring.

134. The drape of claim 133, wherein the retaining feature is positioned on an exterior
surface of the drape.

135. The drape of any one of claims 132-134, wherein the retaining feature is
configured to mate with a circumferential groove on the imaging device.

136. The drape of any one of claims 132-135, wherein the retaining feature‘defines an
opening in the drape.

137. The drape of any one of claims 13221 36, wherein the retaining feature extends
radially outward from the drape.

138. The drape of any one of claims 132-137, wherein the drape comprises at least

one of a plastic material, a paper material, a vinyl material, a cloth material.

-79-



WO 2019/213737 PCT/CA2019/000061

139. The drape of claim 138, wherein the drape further comprises a coating
configured to limit passage of electromagnetic radiation.

140. The drape of claim 138 or claim 139, wherein an interior surface of the drape
which defines the interior imaging environment is coated with a material to reduce
reflection within the interior imaging environment.} | |

141. A system for fluorescence-based imaging of a target, comprising:

the drape of claim 132; and

a portable, handheld imaging device, wherein the imaging device includes a
portion with a lens and at least one violet Iight source, and wherein the connecting
element is configured to encompass an area surrounding the lens and the at east one
light source to position the light source within the interior space of the drape body.
142, An imaging drape, comprising:

a drape body, wherein the drape body is configured to limit passage of ambient
light through the drape body to a portable imaging environment defined by the drape
body or alter a characteristic of ambient light passing through the drape body to the
portable imaging environment;

a connecting element configured to attach the drape to an imaging device; and

at least one shaping element configured to maintain the drape in a position
outside a field of view of the imaging device during imaging.

143. An imaging drape, comprising:

a drape body defining a portable imaging environment, wherein the drape body is

configured to limit ambient and/or visible light within the portable imaging environment

to less than about 402 mW/m?.
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144. The drape of claim 143, further comprising a connecting element configured to
attach the drape to an imaging device.

145. The drape of claim 144, wherein the connecting element comprises a support
ring that protrudes radially outward from a fop surface of the drape body.

146. The drape of claim 145, wherein the support ring is configured 10 be coupled with
a shield that is disposed on the imaging device to attach the drape to the imaging
device,

147.  The drape of claim 146, wherein the support ring is configured to be coupled to
the shield through a male-female locking mechanism.

148. The drape of any one of claims 144-146, wherein the connecting element
comprises one or more projections that are configured to prevent the drape body from
moving into the imaging environment when the drape is in a deployed configuration.
149. The drape of any one of claims 144-147, wherein the connecting element
comprises grasping elements that are configured to secure the imaging device to the
drape.

150. The drape of claim 149, wherein the grasping elevments are configured to rotate
in a range of motion of about 90 degrees from an open configuration te a closed
configuration.

151. The drape of any one of claims 144-150, wherein the connecting element
comprises a one-way valve that is configured to provide air movement from outside the
drape to within an interior of the drape to create a higher air pressure within the interior

of the drape relative to the exterior of the drape.
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152. The drape of any one of claims 143-151, further comprising at least one shaping
element configured to maintain the drape in a position outside a field of view of the
imaging device during imaging.

153. The drape of any one of claims 143-152, further comprising a fixing element that
is configured 1o closely adhere the drape body fo contours of a patient.

154. The drape of claim 153, wherein the fixing element is a magnet configured fo be
magnetically attracted to magnets on the patient.

155. The drape of claim 153, wherein the fixing element is a weighed element, tape,
wire, a hook, and/or a loap closure,

156. The drape of claim 153, wherein the fixing element is a drawstring, a hook and
loop closure, or a snap, that is configured to reduce a diameter of a bottorr) portion of
the drape body. |

157. The drape of any one of claims 143-156, wherein the drape comprises at least
one of a plastic material, a paper material, a vinyl material, a cloth material.

158. The drape of claim 157, wherein the drape further comprises a coating
configured to limit passage of electromagnetic radiation.

159. The drape of claim 157 or claim 158, wherein an interior surface of the drape,
which defines the imaging environment, is coated with a material to reduce reflection
within the imaging environment.

160. A Kit comprising:

the drape of any one of claims 1-40, 44-63, and 129-159; and

a compound configured to induce porphyrins in cancerous tissue cells.
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161. The kit of claim 160, wherein the compound is a non-activated, non-targeted
contrast agent, a single mode contrast agent, or a multi-modal contrast agent.

162. The kit of claim 161, wherein the compound is 5-aminolevulinic acid.
163. The Kit of claim 162, further comprising a portable, handheld imaging device.

164. The kit of claim 163, wherein the portable, handheld imaging device includes an
excitation light source.

165. The kit of claim 164, wherein the excitation light source is configured to emit
excitation light having a wavelength of between about 400 nm and about 450 nm, about 450

nm to about 500 nm, about 500 nm to about 550 nm, about 600 nm to about 650 nm, about 650
nm to about 700 nm, about 700 nm to about 750 nm, and/or about 750 nm to about 900 nm.

166. The kit of claim 165, wherein the excitation light source is configured to emit
excitation light having a wavelength of about 400 nm to about 450 nm.

167. The kit of claim 166, wherein the excitation light source is configured to emit
excitation light having a wavelength of about 405 nm + 10 nm.

168. The kit of any one of claims 163-167, wherein the handheld imaging device is
configured to have a plurality of excitation light sources, each light source configured to

emit excitation light having a different wavelength.

169. The kit of claim 168, wherein the handheld imaging device includes a first
excitation light source that emits a first excitation light having a wavelength between
about 375 nim and about 430 nm or of about 405 nm and a second excitation light
source that emits a second excitation light having a wavelength between about 550 nm
and about 600 nm or of about 572 nm.

170. The Kit of claim 169, wherein the handheld imaging device further includes a third
excitation light source that emits a third excitation light having a wavelength between
about 700 nm and about 850 nm, between about 760 nm and about 800 nm, or of about
760 nm.
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171, The kit of any one of claims 163-170, wherein the handheld imaging device
includes a filter configured to permit passage of sighals emitted by bacteria, bacterial
components, tissues, tissue components, and/or porphyrins induced in cancerous tissue
or tumors, responsive to illumination with the excitation light, through the filter to an
image sensor of the handheld imaging device.

172. The kit of ¢laim 171, wherein the filter is configured to permit passage of signals
having wavelengths from about 450 nm to about 500 nm, about 500 nm to about 550
nm, about 550 nm {o about 600 nm, about 600 nm to about 660 nm, and/or about 660
nm to about 710 nm.

173. The Kit of any one of claims 163-172, wherein the handheld imaging device
further comprises a white light source for white light imaging.

174, The Kit of claim 173, wherein the excitation light source and a lens of the imaging
device are positioned on an imaging head of the imaging device.

175. The kit of claim 174, wherein the imaging head further includes the white light
source. ‘

176. The kit of claim 173 or ¢laim 174, wherein the drape includes a connecting
element that is configured to receive the imaging head.

177. The kit of claim 176, wherein the connecting element is configured to sealingly
engage the imaging head.

178. AKit, comprising:
the drape of any one of claims 1-40, 44-63, and 129-159; and
a portable, handheld imaging device configured to connect to the drape.

179. The kit of claim 178, wherein the portable, handheld imaging device includes an
excitation light source.

180. The kit of claim 179, wherein the excitation light source is configured to emit
excitation light having a wavelength of between about 400 nm and about 450 nm, about 450
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nm to about 500 nm, about 500 nm to ahout 550 nm, about 800 nm to about 650 nm, about 650
nm to about 700 nm, about 700 nm to about 750 nm, and/or about 750 nm to about 900 nm.

181. The kit of claim 180, wherein the excitation light source is configured to emit
excitation light having a wavelength of about 400 nm to about 450 nm.

182. The kit of claim 181, wherein the excitation light source is configured to emit
excitation light having a wavelength of about 405 nm % 10 nm.

183. The kit of any one of claims 178-182, wherein the handheld imaging device is
configured to have a plurality of excitation light sources, each light source configured to
emit excitation light having a different wavelength.

184. The kit of claim 183, wherein the handheld imaging device includes a first
excitation light source that emits a first excitation light having a wavelength between
about 375 nm and about 430 nm or of about 405 nm and a second excitation light
source that emits a second excitation light having a wavelength between about 550 nm
and about 600 nm or of about 5§72 nm.

185. The kit of claim 184, wherein the handheld imaging device further includes a third
excitation light source that emits a third excitation light having a wavelength between
about 700 nm and about 850 nm, between about 760 nm and about 800 nm, or of about
760 nm.

186. The kit of any one of claims 178-185, wherein the handheld imaging device
includes a filter configured to permit passage of signals emitied by bacteria, bacterial
components, tissues, tissue components, and/or porphyrins induced in cancerous tissue
or tumors, responsive to illumination with the excitation light, through the ﬁltef to an
image sensor of the handheld imaging device.

187. The kit of claim 186, wherein the filter is configured to permit passage of signals
having wavelengths from about 450 nm to about 500 nm, about 500 nm to about 550
nm, about 550 nm to about 600 nm, about 800 nm to about 660 nm, and/or about 660
nm o about 710 nm.
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188. The kit of any one of claims 178-187, wherein the handheld imaging device
further comprises a white light source for white light imaging.

189. The kit of claim 188, wherein the excitation light source and a lens of the imaging
device are positioned on an imaging head of the imaging device.

190. The kit of claim 189, wherein the imaging head further includes the white light
source,

181, The kit of claim 189 or claim 190, wherein the drape includes a connecting
element that is configured to receive the imaging head.

192. The kit of claim 191, wherein the connecting element is configured to sealingly
engage the imaging head.

193. The kit of any one of claims 178-192, further comprising one or more imaging

agents,
194. The kit of claim 193, wherein the one or more imaging agents include a
compound configured to induce porphyrins in cancerous tissue cells.

195, The kit of claim 194, wherein the compound is a non-activated, non-targeted
contrast agent, a single mode contrast agent, or a muiti-modal contrast agent.

196. The kit of claim 195, wherein the compound is 5-aminolevulinic acid.
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Group H - Claims 132-141 are directed to a drape, comprising a retaining feature coupled to the drape body and being configured fo
attach the drape to an imaging device;

Group I - Claim 142 is directed an imaging drape configured to limit passage of ambient light through the drape body to a portable
imaging environment defined by the drape body to alter a characteristic of ambient light passing through the drape body to the portable
imaging environment; and

Group J - Claims 143-196 are directed to an imaging drape, comprising a drape body defining a portable imaging environment, wherein
the drape body is configured to limit ambient and/or visible light within the portable imaging environment to less than about
402mW/m2.

The claims must be limited to one inventive concept as set out in PCT Rule 13.
The claims dependency should be revised as it is not clear for a person skilled in the art the features of some dependent claims.

Example:
Claim 67 is a method claim dependent on a product claim 64.

It appears that:

claims 67-70, 76, 77, 79-82 should refer to 66;

claims 84-86, 88, 90, 96, 99 should refer to claim 83;

claims 101-107 should refer to claim 100;

claims 109, 110, 112, 116, 120, 122, 123 should refer to claim 108 and
claims 125-128 should refer to claim 124.

Claim 130 describes a product and is dependent of a system claim 41 which comprises the product of claim 1. Implicitly claim 130 depends on
claim 1. Claim 130 describes the drape of any one of claims 41-63 while claim 41 describes a system for fluorescence-based imaging.

The system of claim 41 comprises the drape of claim 1. This product-system-product dependency is not clear to a person skilled in the art.

Claims 160 and 178 are dependent on different inventive concepts (claims groups). Moreover claims 160 and 178 describes a product (kit) dependent
on a system claim 141.

Form PCT/ISA/210 (extra sheet) (July 2019) Page 8 of 8



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CA2019/000061

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

*whole document*

Category® | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A KR200342885Y1, 19 February 2004 (19-02-2004) 1-43 and 129, 131
*whole document™
A KR200320485Y1, 22 July 2003 (22-07-2003) 1-43 and 129, 131

Form PCT/ISA/210 (continuation of second sheet) (July 2019)

Page 5 of 8




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/CA2019/000061

Patent Document Publication Patent Family Publication

Cited in Search Report Date Member(s) Date

US2014207003A1 24 July 2014 (24-07-2014) US2014207003A1 24 July 2014 (24-07-2014)
AU2005232350A1 27 October 2005 (27-10-2005)
CA2604491A1 27 October 2005 (27-10-2005)
CN1968644A 23 May 2007 (23-05-2007)
CN102499620A 20 June 2012 (20-06-2012)
FP1755442A1 28 February 2007 (28-02-2007)
FP1755442A4 22 August 2007 (22-08-2007)
EP2361546A2 31 August 2011 (31-08-2011)
EP2361546A3 07 September 2011 (07-09-2011)
JP2013135845A 11 July 2013 (11-07-2013)
JP5681162B2 04 March 2015 (04-03-2015)
JP2007532208A 15 November 2007 (15-11-2007)
RU2006140083A 20 May 2008 (20-05-2008)
RU2401052C2 10 October 2010 (10-10-2010)
US2005234526A1 20 October 2005 (20-10-2005)
US2011275900A1 10 November 2011 (10-11-2011)
WO02005099563A1 27 October 2005 (27-10-2005)

EP1252859A2 30 October 2002 (30-10-2002) EP1252859A2 30 October 2002 (30-10-2002)

EP1252859A3 17 December 2003 (17-12-2003)
AT324828T 15 June 2006 (15-06-2006)
CA2375007A1 27 October 2002 (27-10-2002)
CA2375007C 23 September 2008 (23-09-2008)
DE10120717A1 31 October 2002 (31-10-2002)
DE10120717B4 24 March 2005 (24-03-2005)
DE50206618D1 08 June 2006 (08-06-2006)
EP1252858A2 30 October 2002 (30-10-2002)
FEP1252858A3 20 August 2003 (20-08-2003)
FP1252858B1 03 May 2006 (03-05-2006)
JP2002355263A 10 December 2002 (10-12-2002)
JP3644932B2 11 May 2005 (11-05-2005)
US2003148243A1 07 August 2003 (07-08-2003)
US6964567B2 15 November 2005 (15-11-2005)

AU2011242140A1 17 November 2011 (17-11-2011) AU2011242140A1 17 November 2011 (17-11-2011)
AU2011242140B2 29 November 2012 (29-11-2012)

Continued on page 8

Form PCT/ISA/210 (patent family annex ) (July 2019)

Page 6 of 8




International application No.

INTERNATIONAL SEARCH REPORT PCT/CA2019/000061

Patent Document Publication Patent Family Publication

Cited in Search Report Date Member(s) Date

US2014218687A1 07 August 2014 (07-08-2014) US2014218687A1 07 August 2014 (07-08-2014)
US9521950B2 20 December 2016 (20-12-2016)
AU2011232625A1 27 September 2012 (27-09-2012)
AU2011232625B2 16 January 2014 (16-01-2014)
BR112012023716A2 15 May 2018 (15-05-2018)
CA2793874A1 29 September 2011 (29-09-2011)
CA2793874C 04 September 2018 (04-09-2018)
CN102917634A 06 February 2013 (06-02-2013)
DK2549913T3 28 November 2016 (28-11-2016)
EP2549913A2 30 January 2013 (30-01-2013)
EP2549913A4 26 March 2014 (26-03-2014)
EP2549913B1 07 September 2016 (07-09-2016)
ES2601886T3 16 February 2017 (16-02-2017)
1L222047A 31 December 2017 (31-12-2017)
JP2013527775A 04 July 2013 (04-07-2013)
JP5566523B2 06 August 2014 (06-08-2014)
JP2014193410A 09 October 2014 (09-10-2014)
JP5900933B2 06 April 2016 (06-04-2016)
KR20130010079A 25 January 2013 (25-01-2013)
MX2012010540A 28 January 2013 (28-01-2013)
PT2549913T 14 November 2016 (14-11-2016)
US2011234977A1 29 September 2011 (29-09-2011)
US8714743B2 06 May 2014 (00-05-2014)
US2014204340A1 24 July 2014 (24-07-2014)
US9314155B2 19 April 2016 (19-04-2016)
US2014218688A1 07 August 2014 (07-08-2014)
US9480394B2 01 November 2016 (01-11-2016)
WO02011119602A2 29 September 2011 (29-09-2011)
WO02011119602A3 22 December 2011 (22-12-2011)

CN105954194A 21 September 2016 (21-09-2016) None

KR200342885Y1 19 February 2004 (19-02-2004) None

KR200320485Y1 22 July 2003 (22-07-2003) None

Form PCT/ISA/210 (extra sheet) (July 2019)

Page 7 of 8




	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 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - claims
	Page 64 - claims
	Page 65 - claims
	Page 66 - claims
	Page 67 - claims
	Page 68 - claims
	Page 69 - claims
	Page 70 - claims
	Page 71 - claims
	Page 72 - claims
	Page 73 - claims
	Page 74 - claims
	Page 75 - claims
	Page 76 - claims
	Page 77 - claims
	Page 78 - claims
	Page 79 - claims
	Page 80 - claims
	Page 81 - claims
	Page 82 - claims
	Page 83 - claims
	Page 84 - claims
	Page 85 - claims
	Page 86 - claims
	Page 87 - claims
	Page 88 - drawings
	Page 89 - drawings
	Page 90 - drawings
	Page 91 - drawings
	Page 92 - drawings
	Page 93 - drawings
	Page 94 - drawings
	Page 95 - drawings
	Page 96 - drawings
	Page 97 - drawings
	Page 98 - drawings
	Page 99 - drawings
	Page 100 - drawings
	Page 101 - drawings
	Page 102 - drawings
	Page 103 - drawings
	Page 104 - drawings
	Page 105 - drawings
	Page 106 - drawings
	Page 107 - drawings
	Page 108 - drawings
	Page 109 - drawings
	Page 110 - drawings
	Page 111 - drawings
	Page 112 - drawings
	Page 113 - drawings
	Page 114 - drawings
	Page 115 - drawings
	Page 116 - drawings
	Page 117 - drawings
	Page 118 - drawings
	Page 119 - drawings
	Page 120 - drawings
	Page 121 - wo-search-report
	Page 122 - wo-search-report
	Page 123 - wo-search-report
	Page 124 - wo-search-report
	Page 125 - wo-search-report
	Page 126 - wo-search-report

