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(57) Abstract: A system and method for analyzing bladder tissue sample is provided that includes an excitation light source, a pho-
todetector, an optical filter, and a system controller. The excitation light source produces excitation lights centered on a distinct wave-
lengths. At least one of the wavelengths produces autofluorescence emissions from one or more biomolecules, and at least one of the
wavelengths produces diffuse reflectance signals. The photodetector detects at least one of the autofluorescence emissions or diffuse
reflectance signals and produces signals representative thereof. The optical filter filters at least one of autofluorescence emissions or
the diffuse reflectance signals. The system controller communicates with the system components and a memory storing instructions.
The instructions cause the system controller to control the excitation light unit, receive and process the photodetector signals, produce
a signal image, and analyze the tissue sample to determine the presence of detrusor muscle tissue.
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Multi-Modal Multi-Spectral Imaging System and Method

for Characterizing Tissue Types in Bladder Specimens

[0001] This application claims priority to U.S. Patent Appln. No. 63/134,145 filed

January 5, 2021, which is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Technical Field

[0002] The present disclosure relates to devices and methods for identifying tissue
samples in general, and the devices and methods for identifying bladder tissue samples in
particular.

2. Background Information

[0003] Bladder cancer (“BC”) is the sixth most common cancer in the U.S. and
approximately 75% of bladder tumors are classified as non-muscle-invasive bladder cancer
(NMIBC). The standard treatment for NMIBC is complete transurethral resection of the bladder
tumor (TURBT). The five-year recurrence rate for NMIBC after initial TURBT is 31-78%. [1]
One reason that a repeat TURBT is often necessary is incomplete tumor resection. The American
Urological Association / Society of Urologic Oncology (AUA/SUO) and the European Urologic
Association (EUA) guidelines define complete resection as resection of the entire tumor
extending to the bladder detrusor muscle (“DM”) wall. The depth of invasion can only be
assessed accurately if all bladder wall layers, including the DM wall can be examined by a
pathologist. The absence of muscle in the specimen is associated with a significantly higher risk
of residual disease, early recurrence and tumor under-staging.

[0004] Accurate staging is an important prognostic factor for determining risk of
recurrence and progression in BC. The current standard of care requires histopathological
analysis of TURBT specimens. For adequate diagnosis, TURBT specimens must extend into the
bladder muscle wall. For patients with high-grade BC, five-year cancer-specific mortality was
7.6%, 12.1% and 18.8%, respectively, when muscle was present, absent, or not mentioned. [2]
For this reason, if there is not sufficient muscle in the specimen after the initial resection,

guidelines recommend repeat TURBT. Almost half of TURBTSs do not contain muscle as
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confirmed post-operatively by histopathologic examination. There are currently no practical
tools available to surgeons to determine during the procedure whether the resected specimen
includes sufficient muscle tissue. The availability of a rapid and accurate tool for point-of-care
determination of detrusor muscle in TURBT will not only reduce cancer recurrence but will be
prognostically significant. What is needed is a point-of-surgery imaging system for the in-vivo /
ex-vivo examination of TURBT specimens.

[0005] A transurethral en bloc resection of a bladder tumor (“ERBT”) is a surgical
approach that is an alternative to conventional TURBT. As compared to a TURBT approach that
removes bladder tumor in a piece meal fashion, the ERBT approach is designed to remove the
entirety of the tumor body as a single specimen. The whole ERBT specimen is preferable for
pathological assessment of tumor depth and staging. What is needed is a point-of-surgery
imaging system for the in-vivo / ex-vivo examination of ERBT specimens that will allow for an

improved assessment of margin status for completeness of resection and depth of invasion.

SUMMARY

[0006] According to an aspect of the present disclosure, a system for analyzing an ex-
vivo bladder tissue sample is provided. The system includes an excitation light source, at least
one photodetector, at least one optical filter, and a system controller. The excitation light source
is configured to selectively produce a plurality of excitation lights. Each excitation light is
centered on a wavelength distinct from the centered wavelength of the other excitation lights. At
least one of the excitation light centered wavelengths is configured to produce autofluorescence
emissions from one or more biomolecules associated with a bladder wall tissue, and at least one
of the excitation light centered wavelengths is configured to produce diffuse reflectance signals
from the tissue sample. The system is configured so that the plurality of excitation lights are
incident to the tissue sample. The at least one photodetector is configured to detect the
autofluorescence emissions, or the diffuse reflectance signals, or both from the tissue sample as a
result of the respective incident excitation light, and to produce signals representative of the
detected autofluorescence emissions, or the detected diffuse reflectance signals, or both. The at
least one optical filter is operable to filter the signals representative of the detected
autofluorescence emissions, or the detected diffuse reflectance signals, or both. The system

controller is in communication with the excitation light unit, the at least one photodetector, and a
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non-transitory memory storing instructions, which instructions when executed cause the system
controller to: a) control the excitation light unit to sequentially produce the plurality of excitation
lights; b) receive and process the signals from the at least one photodetector for each sequential
application of the plurality of excitation lights, and produce an image representative of the
signals produced by each sequential application of the plurality of excitation lights; and ¢)
analyze the tissue sample using a plurality of the images to determine the presence of detrusor
muscle tissue within the tissue sample.

[0007] According to another aspect of the present disclosure, a system for analyzing an
in-vivo bladder tissue sample is provided. The system includes an excitation light source, at least
one photodetector, at least one optical filter, a probe, and a system controller. The excitation light
source 1s configured to selectively produce a plurality of excitation lights. Each excitation light is
centered on a wavelength distinct from the centered wavelength of the other excitation lights. At
least one of the excitation light centered wavelengths is configured to produce autofluorescence
emissions from one or more biomolecules associated with a bladder wall tissue, and at least one
of the excitation light centered wavelengths is configured to produce diffuse reflectance signals
from the tissue sample. The system is configured so that the plurality of excitation lights are
incident to the tissue sample. The at least one photodetector is configured to detect the
autofluorescence emissions, or the diffuse reflectance signals, or both from the tissue sample as a
result of the respective incident excitation light, and to produce signals representative of the
detected autofluorescence emissions, or the detected said diffuse reflectance signals, or both. The
at least one optical filter is operable to filter the signals representative of the detected
autofluorescence emissions, or the detected diffuse reflectance signals, or both. The probe is
configured to be deployed within a bladder. The probe is in communication with the excitation
light source and the at least one photodetector. The probe is configured to interrogate the bladder
wall tissue with the plurality of excitation lights and to collect the autofluorescence emissions
from one or more biomolecules associated with the bladder wall tissue and the diffuse
reflectance signals from the bladder wall tissue. The system controller is in communication with
the excitation light unit, the at least one photodetector, and a non-transitory memory storing
instructions, which instructions when executed cause the system controller to: a) control the
excitation light unit to sequentially produce the plurality of excitation lights; b) receive and

process the signals from the at least one photodetector for each sequential application of the
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plurality of excitation lights, and produce an image representative of the signals produced by
each sequential application of the plurality of excitation lights; and c¢) analyze the tissue sample
using a plurality of the images to determine the presence of detrusor muscle tissue within the
tissue sample.

[0008] According to another aspect of the present disclosure, a method of analyzing a
bladder tissue sample is provided. The method includes: a) sequentially interrogating the tissue
sample with a plurality of excitation lights, each excitation light centered on a wavelength
distinct from the centered wavelength of the other excitation lights, wherein at least one of the
excitation light centered wavelengths is configured to produce autofluorescence emissions from
one or more biomolecules associated with a bladder wall tissue, and a diffuse reflectance signals
from the tissue sample; b) using at least one photodetector to detect the autofluorescence
emissions, or the diffuse reflectance signals, or both from the tissue sample, and to produce
photodetector signals representative of the detected said autofluorescence emissions, or the
detected said diffuse reflectance signals, or both; c) filtering the light emitted or reflected from
the tissue sample resulting from each sequential interrogation of the tissue sample; d) processing
the photodetector signals for each sequential application of the plurality of excitation lights,
including producing an image representative of the photodetector signals produced by each
sequential application of the plurality of excitation lights; and e) analyzing the tissue sample
using each image to identify the presence of detrusor muscle tissue within the tissue sample.
[0009] According to an aspect of the present disclosure, a method of analyzing an in-vivo
bladder wall tissue sample is provided. The method includes: a) inserting a probe into a subject’s
bladder; b) sequentially interrogating the bladder wall tissue sample with a plurality of excitation
lights emanating from the probe, each excitation light centered on a wavelength distinct from the
centered wavelength of the other excitation lights, wherein at least one of the excitation light
centered wavelengths is configured to produce autofluorescence emissions from one or more
biomolecules associated with a bladder wall tissue, and a diffuse reflectance signals from the
tissue sample; c) using at least one photodetector to detect the autofluorescence emissions, or the
diffuse reflectance signals, or both collected from the bladder wall tissue sample using the probe,
and to produce photodetector signals representative of the detected autofluorescence emissions,
or the detected said diffuse reflectance signals, or both; d) filtering the light emitted or reflected

from the tissue sample resulting from each sequential interrogation of the tissue sample; )
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processing the photodetector signals for each sequential application of the plurality of excitation
lights, including producing an image representative of the photodetector signals produced by
each sequential application of the plurality of excitation lights; and f) analyzing the bladder wall
tissue sample using each image to identify the presence of detrusor muscle tissue within the
bladder wall tissue sample.

[0010] In any of the aspects or embodiments described above and herein, the plurality of
excitation lights may be in a UV wavelength range.

[0011] In any of the aspects or embodiments described above and herein, the plurality of
excitation lights may be in the wavelength ranges of about 275-285nm and about 345-371 nm
and about 400-410 nm.

[0012] In any of the aspects or embodiments described above and herein, the excitation
light source may include a plurality of excitation light units, and each excitation light unit may
include at least one UV LED.

[0013] In any of the aspects or embodiments described above and herein, the
autofluorescence emissions may be in the visible region.

[0014] In any of the aspects or embodiments described above and herein, the
autofluorescence emissions may be in the wavelength ranges of about 352-388nm, 380-420nm,
429-475nm, 532-552nm and 593-643nm.

[0015] In any of the aspects or embodiments described above and herein, the diffuse
reflectance signals may be representative of light collected in the visible region.

[0016] In any of the aspects or embodiments described above and herein, the diffuse
reflectance signals may be representative of light collected at about 405 nm, 450 nm, and 620
nm.

[0017] In any of the aspects or embodiments described above and herein, the instructions
when executed may cause the system controller to analyze the tissue sample using each image to
identify the presence of diseased tissue within the tissue sample, the analysis may include
providing cellular or microstructural morphological information.

[0018] In any of the aspects or embodiments described above and herein, the tissue

sample may be produced by a TURBT procedure, a ERBT procedure, a biopsy, or a cystectomy.
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[0019] In any of the aspects or embodiments described above and herein, the system
controller instructions may include at least one classifier that is trained using multispectral
images.

[0020] In any of the aspects or embodiments described above and herein, at least a first
of the multispectral images may be representative of the autofluorescence emissions and at least
a second of the multispectral images may be representative of the diffuse reflectance signals.
[0021] In any of the aspects or embodiments described above and herein, the at least one
of the biomolecules associated with the bladder wall tissue may include one or more of collagen,
elastin. NADH, elastin, or hemoglobin.

[0022] In any of the aspects or embodiments described above and herein, wherein the
probe may be configured to excise the bladder wall tissue sample.

[0023] In any of the aspects or embodiments described above and herein, the analyzing
step may utilize one or more classifiers and at least one of the one or more classifiers may be
trained using a library of bladder tissue samples that have been multispectrally analyzed with and
without a histological stain.

[0024] In any of the aspects or embodiments described above and herein, the analyzing
step may include empirically quantifying at least one of the biomolecules associated with a
bladder wall tissue, the quantifying including determining a concentration of the at least one of
the biomolecules associated with the bladder wall tissue.

[0025] The foregoing features and elements may be combined in various combinations
without exclusivity, unless expressly indicated otherwise. These features and elements as well as
the operation thereof will become more apparent in light of the following description and the
accompanying drawings. It should be understood, however, the following description and

drawings are intended to be exemplary in nature and non-limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a diagrammatic illustration of a present disclosure system embodiment.
[0027] FIG. 2 is a table of excitation / illumination wavelengths versus reflectance /
fluorescence wavelengths.

[0028] FIG. 3 is a graph of fluorescence intensity versus fluorescence emission

wavelength, illustrating diagrammatic representations of biomolecule curves.



WO 2022/150408 PCT/US2022/011343

[0029] FIG. 4 is a diagrammatic illustration of a bladder and includes an enlarged view
of a bladder wall.
[0030] FIG. 5A is a flow diagram that schematically illustrates an example of a process

for training a classifier that may be included in the present disclosure system.

[0031] FIG. 5B is a flow diagram that schematically illustrates an example of a process
for analyzing a tissue sample using a classifier, for example that has been trained in the manner
shown in FIG. 5A.

[0032] FIG. 6A is a flow diagram that schematically illustrates an example of a process
for training a classifier that may be included in the present disclosure system.

[0033] FIG. 6B is a flow diagram that schematically illustrates an example of a process
for analyzing a tissue sample using a classifier, for example that has been trained in the manner
shown in FIG. 6A.

[0034] FIG. 7A is a flow diagram that schematically illustrates an example of a process
for training a classifier that may be included in the present disclosure system.

[0035] FIG. 7B is a flow diagram that schematically illustrates an example of a process
for analyzing a tissue sample using a classifier, for example that has been trained in the manner
shown in FIG. 7A.

[0036] FIG. 8A is a flow diagram that schematically illustrates an example of a process
for training a classifier that may be included in the present disclosure system.

[0037] FIG. 8B is a flow diagram that schematically illustrates an example of a process
for analyzing a tissue sample using a classifier, for example that has been trained in the manner

shown in FIG. 8A.

[0038] FIG. 9A illustrates an image of an excised tissue sample taken using a white light
source.

[0039] FIG. 9B illustrates the excised tissue sample that is the subject of FIG. 10A after
being subjected to a histological stain, imaged and the aforesaid image subjected to an affine
transformation.

[0040] FIG. 9C illustrates the excised tissue specimen that is the subject of FIGS. 10A

and 10B, as a multispectral mosaic produced by combining a plurality of multispectral images.
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[0041] FIGS. 10A-10I illustrate an excised tissue sample imaged at a plurality of
different excitation wavelengths to produce multispectral AF images and multispectral
reflectance images.

[0042] FIG. 11 is a diagrammatic illustration of a present disclosure system embodiment

that is configured for in-vivo applications.

DETAILED DISCLOSURE

[0043] The present disclosure includes a novel dye-free multimodal optical approach that
combines multispectral autofluorescence (“AF”) imaging with multispectral reflectance imaging
to measure both tissue emission and absorption characteristics to provide comprehensive analysis
and profiling of excised tissue; e.g., excised via TURBT or ERBT procedures. Unlike known
multimodal devices which are fiber-based, the present disclosure allows wide-field optical
imaging and can be used to provide near real-time acquisition and therefore can be used to
provide diagnostic information during surgery. The present system utilizes multispectral AF
imaging in at least two ways: a) imaging a sample in a series of wavelength bands for
hyperspectral analysis; and b) using multiple excitation sources designed to preferentially and
differentially excite certain biomolecular fluorophores.

[0044] The biomolecules present in different tissues provide discernible and repeatable
AF [3-5] and reflectance [6] spectral patterns. The endogenous fluorescence signatures offer
useful information that can be mapped to functional, metabolic, and/or morphological attributes
of a biological specimen, and therefore may be used for diagnostic purposes. Biomolecular
changes occurring in the cell and tissue state during pathological processes and disease
progression result in alterations of the amount and distribution of endogenous fluorophores and
can form the basis for tissue/cancer identification. Tissue AF has been proposed to detect various
malignancies including cancer by measuring either differential intensity [7] or lifetimes of the
intrinsic fluorophores [8]. Biomolecular constituents such as tryptophan, collagen, elastin,
nicotinamide adenine dinucleotide (NADH), flavin adenine dinucleotide (FAD), elastin,
porphyrins, etc. present in tissue provide discernible and repeatable autofluorescence spectral
patterns.

[0045] AF spectroscopy has been proposed as a complementary tool to cystoscopy for

the diagnosis of bladder cancer. [9] AF spectroscopy has been demonstrated to discern bladder
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cancer with sensitivity and specificity of 100%. [10] Moreover, a statistically significant
difference in the redox ratio of healthy and bladder cancer cells indicative of a metabolic shift
has been noted by Palmer et al. [11] While tissue AF has been proposed and demonstrated with
varying degrees of success, there are several limitations for conventional AF-based diagnosis
approaches. For example, traditional AF assays typically use a single excitation wavelength
which will not excite all the intrinsic fluorophores present in the tissue. Consequently, a
traditional AF assay does not effectively utilize the comprehensive and rich biochemical
information embedded in the tissue matrix both from cells and extracellular matrix. As another
example, most AF applications use a fiber probe with single point measurement capability and
are inherently slow. [12,13] As another example, most AF approaches utilize relatively simple
data analysis such as calculating redox ratio or oxygenation index ratio, and do not utilize the
rich morphological information. As will be apparent from the description below, the present
disclosure provides a novel, unobvious, and improved method and system that overcomes these
limitations and others.

[0046] The present disclosure system includes an excitation light source, one or more
optical filters, one or more photodetectors, and a system controller. In some embodiments, the
system may include other components such as one or more of a filter controller, a scanning
device, an optical switch, and the like. As will be described herein, embodiments of the present
disclosure are configured for imaging / analysis of ex-vivo bladder tissue samples and other
embodiments of the present disclosure may be configured for imaging / analysis of in-vivo
bladder tissue. In those system embodiments configured for in-vivo analysis / imaging of bladder
tissue, the system may include a modified resectoscope, or endoscope, or any other device that is
used to visualize and excise tissues in a bladder that may be modified according to the present
disclosure.

[0047] The excitation light source may include one or more excitation light units. In
some embodiments, an excitation light unit may be configured to produce excitation light
centered at a particular wavelength. In those system embodiments that include a plurality of
excitation light units, different excitation light units may be configured to produce excitation
light centered at different wavelengths; e.g., a first excitation light unit configured to produce
excitation light centered at wavelength “X”, a second excitation light unit configured to produce

excitation light centered at wavelength “Y”, and the like. In some embodiments, the excitation
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light source may be or include a white light source. For example, the system may include a white
light source in combination with one or more filters that collectively produce excitation light
centered at different wavelengths. In some embodiments, the system may include a white light
source used to interrogate the sample unfiltered; e.g., for registration purposes, or the like.

[0048] An excitation light unit may be configured to produce AF emissions from a tissue
sample and/or may be configured to produce reflectance signals from a tissue sample. Non-
limiting examples of acceptable excitation light sources include lasers and light emitting diodes
(LEDs) that may be centered at particular wavelengths, or a tunable excitation light source
configured to selectively produce light centered at respective different wavelengths. An example
of an acceptable white light source is a flash lamp. This disclosure is not limited to any particular
type of excitation light unit. In those embodiments wherein an excitation light source is
configured to produce light centered on a particular wavelength, the respective wavelength may
be chosen based on the photometric properties associated with one or more biomolecules (or
tissue type, etc.) of interest. Excitation light incident to a biomolecule that acts as a fluorophore
will cause the fluorophore to emit fluorescent light at a wavelength longer than the wavelength
of the excitation light; i.e., via AF.

[0049] As stated above, tissue may naturally include certain fluorophores such as
tryptophan, collagen, elastin, nicotinamide adenine dinucleotide (NADH), flavin adenine
dinucleotide (FAD), elastin, porphyrins, and the like. In addition, biomolecular changes
occurring in the cell and tissue state during pathological processes and as a result of disease
progression often result in alterations of the amount and distribution of these endogenous
fluorophores. Hence, different tissue types and states can exhibit distinct intrinsic tissue AF, or in
other words an “AF signature”, that is readily identifiable. Embodiments of the present
disclosure may utilize these AF characteristics / signatures to identify different tissue types
and/or tissue constituents.

[0050] Excitation wavelengths may also be chosen that cause detectable light reflectance
from tissue of interest. The detectable light reflectance is a function of light absorption of the
tissue and/or light scattering associated with the tissue (this may be collectively referred to as
diffuse reflectance). Certain tissue types or permutations thereof, or constituents thereof, have
differing and detectable light reflectance characteristics (“signatures”) at certain wavelengths.

Significantly, these reflectance characteristics can provide information beyond intensity; e.g.,

10
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information relating to cellular or microcellular structure such as cell nucleus and extracellular
components. The morphology of a first type healthy tissue cell may be different from that of a
second type healthy cell, and/or different from an abnormal or diseased tissue cell. Hence, the
ability to gather cellular or microstructural morphological information (sometimes referred to as
“texture”) provides another tool for determining tissue types and the state and characteristics of
such tissue.

[0051] The excitation light source may be configured to produce light at wavelengths in
the ultraviolet (UV) region (e.g., about 100-400nm) and in some applications may include light
in the visible region (e.g., 400-700nm). The excitation light wavelengths may be chosen based on
the absorption characteristics of the biomolecules of interest and the present disclosure is not,
therefore, limited to the exemplary wavelength ranges disclosed above.

[0052] Regarding the one or more photodetectors within the system, the present
disclosure may utilize a variety of different photodetector types configured to sense light and
provide signals that may be used to measure the same. Non-limiting examples of an acceptable
photodetector include those that convert light energy into an electrical signal such as
photodiodes, avalanche photodiodes, a charge coupled device (“CCD”) array, an intensified
charge coupled device (“ICCD”) array, a complementary metal-oxide-semiconductor (“CMOS”)
image sensor, or the like. The photodetector may take the form of a camera. As will be described
below, the photodetector(s) are configured to detect AF emissions from the interrogated tissue
and/or diffuse reflectance from the interrogated tissue and produce signals representative of the
detected light and communicate the signals to the system controller.

[0053] The system controller is in communication with system components such as the
excitation light source and one or more photodetectors. In some system embodiments, the system
may also be in communication with one or more of a: filter controller, a tunable optical filtering
device, an optical switch, and the like as will be described below. The system controller may be
in communication with these components to control and/or receive signals therefrom to perform
the functions described herein. The system controller may include any type of computing device,
computational circuit, processor(s), CPU, computer, or the like capable of executing a series of
instructions that are stored in memory. The instructions may include an operating system, and/or
executable software modules such as program files, system data, buffers, drivers, utilities, and

the like. The executable instructions may apply to any functionality described herein to enable

11
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the system to accomplish the same algorithmically and/or coordination of system components.
The system controller includes or is in communication with one or more memory devices. The
present disclosure is not limited to any particular type of memory device, and the memory device
may store instructions and/or data in a non-transitory manner. Examples of memory devices that
may be used include a computer readable storage medium, a read-only memory, random access
memory, volatile memory, non-volatile memory, static memory, dynamic memory, flash
memory, cache memory, and/or any device that stores digital information. The system controller
may include, or may be in communication with, an input device that enables a user to enter data
and/or instructions, and may include, or be in communication with, an output device configured,
for example to display information (e.g., a visual display or a printer), or to transfer data, etc.
Communications between the system controller and other system components may be via a
hardwire connection or via a wireless connection.

[0054] Embodiments of the present disclosure may include optical filtering elements
configured to filter excitation light, or optical filtering elements configured to filter emitted light
(including reflected light), or both. Each optical filtering element may be configured to pass a
defined bandpass of wavelengths associated with an excitation light source or emitted/reflected
light (e.g., fluorescence or reflectance), and may take the form of a bandpass filter. Regarding
filtering excitation light, the system may include an independent filtering element associated
with each independent excitation light source or may include a plurality of filtering elements
disposed in a movable form (e.g., a wheel or a linear array configuration) or may include a single
filtering element that is operable to filter excitation light at a plurality of different wavelengths,
or each excitation light source may be configured to include a filtering element, or the like.
Regarding filtering emitted or reflected light, the system may include a plurality of independent
filtering elements each associated with a different bandwidth or may include a plurality of
filtering elements disposed in a movable form or may include a single filtering element that is
operable to filter emitted/reflected light at a plurality of different wavelengths, or the like. The
bandwidth of the emitted / reflected light filters are typically chosen based on the photometric
properties associated with one or more biomolecules of interest. Certain biomolecules may have
multiple emission or reflectance peaks. The bandwidth of the emitted / reflected light filters are
typically chosen to allow only emitted / reflected light from a limited portion of the biomolecule

emission/reflectance response; i.e., a portion of interest that facilitates the analysis described

12
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herein. As will be described below, the exemplary system embodiment shown in FIG. 1
illustrates a non-limiting example of optical filtering. In some embodiments, the system may
include a tunable bandpass filter that is controllable to provide a plurality of different bandwidth
filtration modes. In certain embodiments, the excitation filter may be disposed or integrated as a
part of excitation light source. For example, the LED or other light source can be coated with a
material to allow desired bandpass.

[0055] An exemplary embodiment of a present disclosure system 20 is diagrammatically
illustrated in FIG. 1. This system 20 embodiment includes an excitation light source 22, an
excitation light filter arrangement 24, an emission/reflectance light filter assembly 26, a
photodetector arrangement 28, and a system controller 30. The excitation light source 22
includes a plurality of independent excitation light sources (e.g., EXL;... EXLy, where “n” is an
integer greater than one), each operable to produce an excitation light centered at a particular
wavelength and each centered on an excitation wavelength different from the others. The
independent excitation light sources are directly or indirectly in communication with the system
controller 30. In this example, the independent excitation light sources are UV LEDs. As
described above, the wavelengths produced by the independent excitation light sources are
chosen based on the photometric properties associated with biomolecules / tissue types of
interest. The LEDs are in communication with an LED driver 32 that may be independent of the
system controller 30 or the functionality of the LED driver 32 may be incorporated into the
system controller 30. The excitation light filter arrangement 24 shown in FIG. 1 includes an
independent bandpass filter (EXF1... EXFy) for each excitation light source and the bandwidth
filter properties for each independent bandpass filter are tailored for the respective excitation
light source with which it is associated. In alternative embodiments the system 20 may be
configured without an excitation light filter arrangement 24, or each excitation light source may
have an incorporated filter element, or the system 20 may include an excitation light filter
arrangement 24 with a movable filter element (e.g., a wheel, linear array, etc.), or may include a
single filtering element that is operable to filter excitation light at a plurality of different
wavelengths. The system 20 embodiment diagrammatically shown in FIG. 1 includes an
emission light filter assembly 26 having a filter controller 34 and a linear array of bandpass
filters (e.g., Emr1, Emr: ... Emgn). The filter controller 34 is configured to selectively position

each respective bandpass filter in a light path between the tissue sample (i.e., the source of the
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emitted /reflected light) and the photodetector arrangement 28 to permit filtering of the
emitted/reflected light prior to detection by the photodetector arrangement 28. The filter
controller 34 may be in communication with the system controller 30, or the filter controller 34
functionality may be incorporated into the system controller 30. As stated above, the bandwidth
of the respective bandpass filters for the emitted / reflected light are typically chosen based on
the photometric properties associated with one or more biomolecules of interest; e.g., to allow
only emitted / reflected light from a limited portion of the biomolecule emission/reflectance
response that is of interest to facilitate the analyses described herein. The photodetector
arrangement 28 includes a lens arrangement 36 and a camera 38. The lens arrangement 36 is
configurable to suit the application at hand. For example, in some embodiments the lens
arrangement 36 may include a single fixed focus lens. In some embodiments, the lens
arrangement 36 may be configured to address chromatic dispersion. For example, the lens
arrangement 36 may include one or more corrective lenses configured to address aberration /
focus as may be desired. In some embodiments, the lens arrangement 36 may be controllable to
selectively change lens configurations and is in communication with the system controller 30.
The camera 38 is configured to produce signals representative of the sensed emitted / reflected
light passed through the emission light filter assembly 26. The aforesaid signals may be referred
to as an “image” or may be processed into an image. The camera 38 is in communication with
the system controller 30.

[0056] In the operation of the system 20 embodiment diagrammatically shown in FIG. 1,
an excised tissue sample may be placed on a stage 40 or other platform at a position optically
aligned with the photodetector arrangement 28. In some instances, the system 20 and/or the
tissue sample may be such that the entirety of the sample can be imaged without changing the
relative positions of the tissue sample and the system optics. In other instances, wherein the
system 20 is not configured to image the entirety of the tissue sample, the system 20 may be
configured to move one or both of the tissue sample and the system optics relative to one another
so multiple regions of the tissue sample may be imaged; e.g., the tissue sample may be scanned.
The images from the respective regions may subsequently be “stitched” together to form one or
more images of the entirety of the tissue sample. In some instances, the stage 40 may include a
plurality of fiduciary markers to facilitate registration between images. The system controller 30

(through stored instructions) is configured to sequentially operate the independent excitation
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light sources (e.g., EXL1... EXLy). As each excitation light source is operated, the produced
excitation light passes through an excitation light filter prior to being incident to the tissue
sample. If a fluorophore of interest is present within the tissue sample and that fluorophore is
responsive to the wavelength of the incident excitation light, the excitation light will cause the
fluorophore to produce an AF emission at a wavelength that is different from the excitation
wavelength. Excitation light centered on a particular wavelength may produce AF emissions
from more than one fluorophore of interest. Referring to the table in FIG. 2, a first excitation
wavelength (EXA1) may produce AF emissions at several different wavelengths (AFAlexa,
AFA2exo1, AFA3exu, AFMexi, AFASexi). The same excitation light incident to the tissue
sample may also generate diffuse reflectance signals; i.e., excitation light that is reflected from
the tissue sample. For example, and again referring to the table in FIG. 2, a second excitation
wavelength (EXA2) can produce reflectance signals (Rexi2) and AF emissions at several different
wavelengths (AFA2exi2, AFA3exi2, AFAExio, AFASExi), a third excitation wavelength (EXA3)
can produce reflectance signal (Rexy3) and AF emissions at several different wavelengths
(AFA3Eexn3, AFMExs, AFASExia), and so on. The emission / reflectance light filter assembly 26 is
controlled to coordinate placement of a particular bandpass filter in alignment with the camera
38, which bandpass filter is appropriate for the excitation light source being operated and to
produce a limited bandwidth of the emitted / reflected light that is of interest for the analysis at
hand; e.g., associated with particular biomolecules of interest. Some amount of the emitted light
passes through the bandpass filter, is sensed by the camera 38, and the camera 38 produces
signals representative of the sensed emitted/reflected light. The aforesaid signals may be referred
to as an image or may be processed into an image. In some applications, an excitation
wavelength may be chosen only for AF emissions of interest (e.g., EXA1 in FIG. 2), and/or an
excitation wavelength may be chosen only for diffuse reflectance signals of interest (e.g., EXA4,
EXAS5, and EXA6 in FIG. 2). The above described process is repeated until the sample has been
examined using all of the desired wavelengths of excitation light. As will be detailed below, the
respective images may be used to collectively identify biomolecules / tissue types of interest with
a desirable degree of specificity and sensitivity.

[0057] In the system embodiment described above and others, the signals (i.e., image)
representative of the emitted light (AF and/or reflectance) captured by the photodetector

arrangement (e.g., camera or plurality of photodetectors) for each excitation light wavelength
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may collectively provide a mosaic of information relating to the tissue sample. The chart shown
in FIG. 2 illustrates an exemplary scenario wherein five (5) different excitation light sources,
each centered on a different wavelength (i.e., Exy1, Exi2, Exy3, Exy4, Exis, and Exjs nm), are used
within the system. Depending on the presence of certain fluorophores within the tissue sample,
the first excitation wavelength (i.e., Ex;1) may produce AF emissions of interest at five (5)
different wavelengths (AFAlex1, AFA2Ex1, AFA3Ex1, AFAMEw1, AFASex.1), and the second
excitation wavelength (i.e., Exy2) may produce AF emissions of interest at four (4) different
wavelengths (AFA2gx2, AFA3Ew2, AFMeEx2, AFASEx2), and so on. The second excitation
wavelength (i.e., Exy2) may also produce a reflectance image at this wavelength (Rex.2) thatis a
useful indicator of the presence or absence of certain tissue types within the tissue sample. The
Exy4, Exys, and Ex;s excitation wavelengths may not be used to produce AF emissions of interest,
but each may be used to produce a reflectance image of interest (i.e., Rex4, Rexis, Rexis). As can
be seen from the example shown in FIG. 2, the six (6) excitation wavelengths (i.e., Exu1, Exja,
Exs3, Exis, Exis, and Ex;s nm) may be used to produce seventeen emitted light images (AFAlgx1,
AFA2gu.1, AFA3Ea1, AFMEea1, AFASEa1 Rex, AFA2Ex2, AFA3Ew2, AFAMEg2, AFASEx2, RExs,
AFA3exs, AFMEews, AFASExs, Rexu, Rexs, Rexs) that may be used collectively to identify
biomolecule / tissue types of interest with a desirable degree of specificity and sensitivity. It
should be noted that the number of excitation wavelengths, the number of reflectance
wavelengths, the biomolecule, and the particular AF emissions selected, and reflectance
emissions indicated in FIG. 2 are provided to illustrate the present disclosure, and the present
disclosure is not limited to this example. For example, the analysis of different types of tissue
may benefit from fewer or more excitation wavelengths, different biomolecule, etc.

[0058] The integrated information provided by the aforesaid emitted light images provide
distinct benefits in the process of identifying biomolecule / tissue types of interest with a
desirable degree of specificity and sensitivity. As can be seen from FIG. 3, AF emissions are
produced in a peaked band with an intensity value that is centered on a particular wavelength.
Hence, AF emissions centered on a particular wavelength will include AF emissions not only on
the peak wavelength but also on adjacent wavelengths albeit at a lesser intensity. As can also be
seen in FIG. 3, the biomolecule/fluorophores of interest (e.g., tryptophan, collagen, NADH,
FAD, elastin, hemoglobin, etc.) have characteristic AF intensity curves with a peak centered on a

wavelength but also including lesser intensities at wavelengths adjacent the peak wavelength.
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The AF intensity curves of some of the biomolecules may overlap to a degree. As a result, AF
emissions at a particular wavelength within the overlap region may be a product of AF emissions
from a first biomolecule or from a second biomolecule and are likely not dispositive by
themselves of either biomolecule. As indicated above, at least some biomolecule of interest also
have reflectance curves (indicating the amount of light reflectance which is a function of light
absorption of the tissue and light scattering within the tissue) with a peak centered on a peak
wavelength but also including lesser intensities at wavelengths adjacent the peak wavelength.
The reflectance curves of some of the biomolecules may also overlap to a degree. As a result,
reflectance at a particular wavelength within the overlap region may be a product of reflectance
from a first biomolecule or from a second biomolecule and is likely not dispositive by itself of
either biomolecule. In addition, as indicated above, reflectance images can also provide cellular
or tissue microstructrual information that can be used as an additional tool for determining tissue
types and the state of such tissue. The collective information provided by the aforesaid plurality
of emitted/reflected light images produced by the present disclosure system, however, provides
distinct information at different excitation wavelengths that can be used to identify biomolecule /
tissue types with a desirable degree of specificity and sensitivity.

[0059] In some embodiments, the stored instructions within the system controller 30 may
include an artificial intelligence/machine learning (AI/ML) algorithm trained classifier that is
“trained” using a clinically significant number of images of known tissue types (e.g., bladder
wall tissue types and components including muscularis propria, pervesical fat, lamina propria,
urothelium, diseased tissue, adipose, etc.) and features collected at the respective excitation
wavelengths. Alternatively, the system controller 30 may be in communication with such an
artificial intelligence/machine learning (AI/ML) algorithm trained classifier. The trained
classifier in turn may be used to evaluate the acquired light images (AF and/or reflectance)
collected from the tissue sample at the various different excitation / emission wavelengths to
determine the presence or absence of biomolecule / tissue types / features of interest. A
dictionary learning, anomaly detector, convolutional neural network (CNN), deep neural network
(DNN), or a random forest type classifier are examples algorithms that may be used. In some
embodiments, an ensemble classifier consisting of two or more classifiers based on the same or
different classification methods can be utilized. The present disclosure is not limited to these

examples.
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[0060] The present disclosure permits the identification of bladder tissue types and
thereby provides significant utility, for example, in evaluating a tissue sample resected from a
bladder. As indicated above, the depth of invasion (e.g., of diseased tissue) can only be assessed
accurately if all bladder wall layers, including the DM wall, can be examined. For at least that
reason, current guidelines define a complete resection as a resection of the entirety of a tumor
extending to the bladder detrusor muscle (“DM”) wall. FIG. 4 diagrammatically illustrates a
bladder and includes an enlarged view of a bladder wall with the respective wall layers labeled to
facilitate the discussion herein. The present disclosure includes a novel dye-free multimodal
optical approach that combines multispectral AF imaging with multispectral reflectance imaging
(as described above) to measure both tissue emission and absorption characteristics to provide
comprehensive analysis and profiling of bladder tissue excised via TURBT or ERBT procedures,
or by biopsy, or by cystectomy, or the like. In addition to ex-vivo applications, embodiments of
the present disclosure may also be configured for in-vivo applications as described herein.
[0061] Embodiments of the present disclosure utilize artificial intelligence to facilitate an
accurate, automated, and rapid analysis of an excised tissue sample. As indicated above,
embodiments of the present disclosure system may include a system controller having stored
instructions that include an artificial intelligence/machine learning (AI/ML) algorithm trained
classifier, or alternatively the system controller 30 may be in communication with such a
classifier. The flow diagram of FIG. SA schematically illustrates an example of a process for
training a classifier that may be included in the present disclosure system.

[0062] During the training process, an imaging system (e.g., the same as or similar to the
photodetectors described above in FIG. 1 — e.g., a camera) is used to acquire a clinically
significant number of multispectral images (see boxes SA-1 and 5A-2). The “clinically
significant number of images” may vary depending on the classifier(s) used and the target tissue
type and/or target tissue constituent but will include a number of images adequate to enable the
classifier to perform with an acceptable degree of certainty for the task at hand. As stated above,
embodiments of the present disclosure may use multispectral AF imaging and multispectral
reflectance imaging to measure both tissue absorption and emission/reflectance characteristics.
The multispectral AF imaging may include sequentially interrogating the tissue sample with light
centered on a “N” number of different wavelengths, where “N” is an integer and is equal to or

greater than one. In similar fashion, the multispectral reflectance imaging may include
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sequentially interrogating the tissue sample with light centered on a “M” number of different
wavelengths, where “M” is an integer and is equal to or greater than one. To be clear and as
described above, in some instances a tissue type may be identified using only multispectral AF,
or only multispectral reflectance, or tissue identification may be accomplished using some
combination of multispectral AF and multispectral reflectance. The acquired images may be
processed to provide desirable uniformity to the respective images (box SA-3). The processing
may include, but is not limited to, altering the images to a uniform size or format, adjusting
image intensity to a uniform level, aligning the images, and the like. The processed images may
then be input to the classifier (box 5A-4). Subsequent to the tissue sample being imaged (as
described in boxes SA-1 and SA-2), the same tissue sample may be subjected to a histological
stain (box 5A-5). A non-limiting example of such a histological stain is hematoxylin and eosin
stain (commonly referred to as “H&E” stain). The stained tissue sample may then be imaged and
the images of the stained tissue sample may be transformed (box SA-6) to facilitate a comparison
between the H&E stain images and the acquired multispectral images. An example of a
transformation that may be used is an affine transformation that preserves geometric
relationships of aspects of the H&E images. The transformed images may then be read by a
pathologist (box 5A-7). The pathological analysis of each image may include a tissue type
determination based on the entirety of the respective image or may include a read of segments of
respective images, or features present within the respective images, or the like. Non-limiting
examples of features include intensity, intensity ratios, texture information, and the like. The
transformed H&E stained images and the respective pathological analysis of each image may
then be input into the classifier (box 5A-4) for comparison with the processed images (box SA-
3).

[0063] The flow diagram of FIG. 5B schematically illustrates an example of a process for
analyzing a tissue sample using a trained classifier; e.g., a classifier trained as described above
regarding FIG. SA. An imaging system (e.g., the same as or similar to the photodetectors
described above in FIG. 1 — a camera) is used to acquire a number of multispectral images (box
5B-1) from a tissue sample. As stated above, embodiments of the present disclosure may use
multispectral AF imaging and multispectral reflectance imaging to measure both tissue
absorption and emission characteristics. The acquired images may be processed to provide

desirable uniformity to the respective images (box 5B-2) as described above with respect to FIG.
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5A. The processed images may then be input to the classifier portion of the system (box 5B-3).
The system may then provide a determination or information regarding the type of tissue present
in the imaged tissue sample (box SB-4).

[0064] The flow diagram of FIG. 6A schematically illustrates a modified example of the
process for training a classifier shown in FIG. SA that may be included in the present disclosure
system. In this example, aspects of the training process are similar to that described above with
respect to FIG. SA. For example, an imaging system is used to acquire a clinically significant
number of multispectral images (see boxes 6A-1 and 6A-2). Here again, a tissue type may be
identified using only multispectral AF, or only multispectral reflectance, or tissue identification
may be accomplished using some combination of multispectral AF and multispectral reflectance.
The acquired images may be processed to provide desirable uniformity to the respective images
(box 6A-3). In this exemplary training process, the processed images may be evaluated to
identify one or more segments (e.g., portions of the images) that contain a region of interest that
may be used to facilitate tissue identification (box 6A-4). The segmented images (and/or the
image segments) may then be input to the classifier (box 6A-5). Again, similar to the process
illustrated in FIG. SA, subsequent to the tissue sample being imaged (as described in boxes 6A-1
and 6A-2), the same tissue sample may be subjected to a histological stain (box 6A-6). The
stained tissue sample may then be imaged and the images of the stained tissue sample may be
transformed (box 6A-7) to facilitate a comparison between the H&E stain images and the
acquired multispectral images. The transformed images (and/or the segmented image portions)
may then be read by a pathologist (box 6A-8). The pathological analysis of each image segment
may provide information that may be used for tissue identification purposes. The transformed
H&E stained images and the respective pathological analysis of each segmented image may then
be input into the classifier (box 6A-5) for comparison with the segmented images (box 6A-4).
[0065] The flow diagram of FIG. 6B schematically illustrates an example of a process for
analyzing a tissue sample using a trained classifier; e.g., a classifier trained as described above
regarding FIG. 6A. An imaging system is used to acquire a number of multispectral images (box
6B-1) from a tissue sample. As stated above, embodiments of the present disclosure may use
multispectral AF imaging and/or multispectral reflectance imaging. The images may be
processed as described above (box 6B-2). The processed images may be evaluated to identify

one or more segments (e.g., portions of the images) that contain a region of interest that may be
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used to facilitate tissue identification (box 6B-3). The processed segmented images may then be
input to the classifier portion of the system (box 6B-4). The system may then provide a
determination or information regarding the type of tissue present in the imaged tissue sample
(box 6B-5).

[0066] The flow diagram of FIG. 7A schematically illustrates another modified example
of the process for training a classifier shown in FIGS. 5A and 6A that may be included in the
present disclosure system. In this example, aspects of the training process are similar to that
described above with respect to FIGS. 5A and 6A. For example, an imaging system is used to
acquire a clinically significant number of multispectral images (see boxes 7A-1 and 7A-2). Here
again, a tissue type may be identified using only multispectral AF, or only multispectral
reflectance, or tissue identification may be accomplished using some combination of
multispectral AF and multispectral reflectance. The acquired images may be processed to
provide desirable uniformity to the respective images (box 7A-3). In this exemplary training
process, the processed images may be evaluated to identify one or more tissue sample features
that may be used to facilitate tissue identification (box 7A-4). The aforesaid features may be
extracted from the respective images or otherwise made identifiable within the respective
images. The processed images (and/or the image features) may then be input to the classifier
(box 7A-5). Again, similar to the process illustrated in FIGS. 5A and 6A, subsequent to the tissue
sample being imaged (as described in boxes 7A-1 and 7A-2), the same tissue sample may be
subjected to a histological stain (box 7A-6). The stained tissue sample (or just certain features)
may then be imaged and the images of the stained tissue sample (and/or features) may be
transformed (box 7A-7) to facilitate a comparison between the H&E stain images and the
acquired multispectral images. The transformed images (and/or the image features) may then be
read by a pathologist (box 7A-8). The pathological analysis of each image feature may provide
information that may be used for tissue identification purposes. The transformed H&E stained
images and the respective pathological analysis of each image feature may then be input into the
classifier (box 7A-5) for comparison with the images of the extracted features (box 7A-4).
[0067] The flow diagram of FIG. 7B schematically illustrates an example of a process for
analyzing a tissue sample using a trained classifier; e.g., a classifier trained as described above
regarding FIG. 7A. An imaging system is used to acquire a number of multispectral images (box

7B-1) from a tissue sample. As stated above, embodiments of the present disclosure may use
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multispectral AF imaging and/or multispectral reflectance imaging. The images may be
processed as described above (box 7B-2). The processed images may be evaluated to identify
one or more features that may be used to facilitate tissue identification (box 7B-3). The
processed images containing the features (and/or the extracted features) may then be input to the
classifier portion of the system (box 7B-4). The system may then provide a determination or
information regarding the type of tissue present in the imaged tissue sample (box 7B-5).

[0068] The flow diagram of FIG. 8A schematically illustrates another modified example
of the process for training a classifier shown in FIGS. 5A, 6A, and 7A that may be included in
the present disclosure system. In this example, aspects of the training process are similar to that
described above with respect to FIGS. 5A, 6A, and 7A. For example, an imaging system is used
to acquire a clinically significant number of multispectral images (see boxes 8A-1 and 8A-2).
Here again, a tissue type may be identified using only multispectral AF, or only multispectral
reflectance, or tissue identification may be accomplished using some combination of
multispectral AF and multispectral reflectance. The acquired images may be processed to
provide desirable uniformity to the respective images (box 8A-3). In this exemplary training
process, the processed images may be evaluated to identify one or more tissue sample features
that may be used to facilitate tissue identification (box 8 A-4). The aforesaid features may be
extracted from the respective images or otherwise made identifiable within the respective
images. Respective features (e.g., 1 through “N” number of features) may then each be subjected
to an additional classifier (the same or a different type of classifier), respectively labeled “Base
learner 1, Base learner 2... Base learner N” (see boxes 8A-5-1, 8A-5-1... 8A-5-N). The images
(and/or the features) classified in the base learners may then be input to a meta learner (box 8A-
6) for further classification. The images (and/or the features) classified in the meta learner may
then be input to a subsequent classifier (8A-7). Again, similar to the process illustrated in FIGS.
5A, 6A, and 7A, subsequent to the tissue sample being imaged (as described in boxes 8A-1 and
8A-2), the same tissue sample may be subjected to a histological stain (box 8A-8). The stained
tissue sample (or just certain features) may then be imaged and the images of the stained tissue
sample (and/or features) may be transformed (box 8A-9) to facilitate a comparison between the
H&E stain images and the acquired multispectral images. The transformed images (and/or the
image features) may then be read by a pathologist (box 8A-10). The pathological analysis of

each image feature may provide information that may be used for tissue identification purposes.
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The transformed H&E stained images and the respective pathological analysis of each image
feature may then be input into the classifier (box 8A-7) for comparison with the images of the
extracted features (box 8A-6).

[0069] The flow diagram of FIG. 8B schematically illustrates an example of a process for
analyzing a tissue sample using a trained classifier; e.g., a classifier trained as described above
regarding FIG. 8A. An imaging system is used to acquire a number of multispectral images (box
8B-1) from a tissue sample. As stated above, embodiments of the present disclosure may use
multispectral AF imaging and/or multispectral reflectance imaging. The images may be
processed as described above (box 8B-2). The processed images may be evaluated to identify
one or more features that may be used to facilitate tissue identification (box 8B-3). The
processed images containing the features (and/or the extracted features) may then be input to the
classifier portion of the system (box 8B-4). The system may then provide a determination or
information regarding the type of tissue present in the imaged tissue sample (box 8B-5).

[0070] FIG. 9A illustrates an image of an excised tissue sample taken using a white light
source. FIG. 9B illustrates the same excised tissue sample after being subjected to a histological
stain, imaged and the aforesaid image subjected to an affine transformation. FIG. 9C illustrates a
multispectral mosaic produced by combining a plurality of AF images (e.g., at one or more
different excitation wavelengths) and reflectance images (e.g., at one or more different excitation
wavelengths). The information available via the present disclosure from the multispectral mosaic
image, the H&E image and the white light image is comprehensive and rich biochemical
information that greatly enhances an automated, accurate, and rapid identification of tissue types.
[0071] FIGS. 10A-10I illustrate an excised tissue sample imaged at a plurality of
different excitation wavelengths to produce multispectral AF images and multispectral
reflectance images that may be used according to the present disclosure as described herein. The
information available from these multispectral image (individually or collectively; e.g., as
mosaics) is comprehensive and greatly facilitates an automated, accurate, and rapid identification
of tissue types.

[0072] Referring to FIG. 11, as indicated above, aspects of the present disclosure may be
configured for use in examining bladder tissue in an in-vivo application. In these system
embodiments the system may include a device (e.g., a “probe”) that is used to visualize and

excise tissues in a bladder including the entirety of the bladder. Non-limiting examples of such a
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device include a resectoscope, an endoscope, a biopsy needle, or the like that may be modified to
permit the communication of excitation light to the bladder tissue of interest (e.g., the bladder
wall tissue unresected, or the bladder wall tissue post-resection, etc.) and collection of emitted
and/or reflected light resulting from the present system’s multispectral light interrogation as
described herein. In cystectomy applications, the present system may include a probe configured
to permit the communication of excitation light to and collection of light from the tissue of
interest (e.g., tissue formerly contiguous with the removed bladder) via fiber optics or other light
conduit for analysis purposes to ensure satisfactory margins are present. FIG. 11
diagrammatically illustrates an embodiment of the present disclosure configured for an in-vivo
application that includes a modified resectoscope. This example is provided for illustration
purposes and the present disclosure is not limited thereto.

[0073] While the principles of the disclosure have been described above in connection
with specific apparatuses and methods, it is to be clearly understood that this description is made
only by way of example and not as limitation on the scope of the disclosure. Specific details are
given in the above description to provide a thorough understanding of the embodiments.
However, it is understood that the embodiments may be practiced without these specific details.
[0074] It is noted that the embodiments may be described as a process which is depicted
as a flowchart, a flow diagram, a block diagram, etc. Although any one of these structures may
describe the operations as a sequential process, many of the operations can be performed in
parallel or concurrently. In addition, the order of the operations may be rearranged. A process
may correspond to a method, a function, a procedure, a subroutine, a subprogram, etc.

[0075] The singular forms "a," "an," and "the" refer to one or more than one, unless the
context clearly dictates otherwise. For example, the term "comprising a specimen" includes
single or plural specimens and is considered equivalent to the phrase "comprising at least one
specimen." The term "or" refers to a single element of stated alternative elements or a
combination of two or more elements unless the context clearly indicates otherwise. As used
herein, "comprises" means "includes." Thus, "comprising A or B," means "including A or B, or
A and B," without excluding additional elements.

[0076] It is noted that various connections are set forth between elements in the present
description and drawings (the contents of which are included in this disclosure by way of

reference). It is noted that these connections are general and, unless specified otherwise, may be
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direct or indirect and that this specification is not intended to be limiting in this respect. Any
reference to attached, fixed, connected or the like may include permanent, removable, temporary,
partial, full and/or any other possible attachment option.

[0077] No element, component, or method step in the present disclosure is intended to be
dedicated to the public regardless of whether the element, component, or method step is
explicitly recited in the claims. No claim element herein is to be construed under the provisions

of 35 U.S.C. 112(f) unless the element is expressly recited using the phrase “means for.” As

2% LC
2

used herein, the terms “comprise”, “comprising”, or any other variation thereof, are intended to
cover a non-exclusive inclusion, such that a process, method, article, or apparatus that comprises
a list of elements does not include only those elements but may include other elements not
expressly listed or inherent to such process, method, article, or apparatus.

[0078] While various inventive aspects, concepts and features of the disclosures may be
described and illustrated herein as embodied in combination in the exemplary embodiments,
these various aspects, concepts, and features may be used in many alternative embodiments,
either individually or in various combinations and sub-combinations thereof. Unless expressly
excluded herein all such combinations and sub-combinations are intended to be within the scope
of the present application. Still further, while various alternative embodiments as to the various
aspects, concepts, and features of the disclosures--such as alternative materials, structures,
configurations, methods, devices, and components, and so on--may be described herein, such
descriptions are not intended to be a complete or exhaustive list of available alternative
embodiments, whether presently known or later developed. Those skilled in the art may readily
adopt one or more of the inventive aspects, concepts, or features into additional embodiments
and uses within the scope of the present application even if such embodiments are not expressly
disclosed herein. For example, in the exemplary embodiments described above within the
Detailed Description portion of the present specification, elements may be described as
individual units and shown as independent of one another to facilitate the description. In

alternative embodiments, such elements may be configured as combined elements.
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Claims:
1. A system for analyzing an ex-vivo bladder tissue sample, comprising:

an excitation light source configured to selectively produce a plurality of excitation
lights, each said excitation light centered on a wavelength distinct from the centered wavelength
of the other said excitation lights, wherein at least one of the excitation light centered
wavelengths is configured to produce autofluorescence emissions from one or more
biomolecules associated with a bladder wall tissue, and a diffuse reflectance signals from the
tissue sample, the system configured so that the plurality of excitation lights are incident to the
tissue sample;

at least one photodetector configured to detect the autofluorescence emissions, or the
diffuse reflectance signals, or both from the tissue sample as a result of the respective incident
excitation light, and produce signals representative of the detected said autofluorescence
emissions, or the detected said diffuse reflectance signals, or both;

at least one optical filter operable to filter the signals representative of the detected said
autofluorescence emissions, or the detected said diffuse reflectance signals, or both;

a system controller in communication with the excitation light source, the at least one
photodetector, and a non-transitory memory storing instructions, which instructions when
executed cause the system controller to:

control the excitation light unit to sequentially produce the plurality of excitation
lights;

receive and process the signals from the at least one photodetector for each
sequential application of the plurality of excitation lights, and produce an image
representative of the signals produced by each sequential application of the plurality of
excitation lights; and

analyze the tissue sample using a plurality of the images to determine the

presence of detrusor muscle tissue within the tissue sample.

2. The system of claim 1, wherein the plurality of excitation lights are in a UV wavelength

range.
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3. The system of claim 1, wherein the plurality of excitation lights are in the wavelength

ranges of about 275-285nm and about 345-371 nm and about 400-410 nm.

4. The system of claim 1, wherein the excitation light source includes a plurality of

excitation light units, and each excitation light unit includes at least one UV LED.

5. The system of claim 1, wherein the autofluorescence emissions are in the visible region.

6. The system of claim 1, wherein the autofluorescence emissions are in the wavelength

ranges of about 352-388nm, 380-420nm, 429-475nm, 532-552nm and 593-643nm.

7. The system of claim 1, where the diffuse reflectance signals are representative of light

collected in the visible region.

8. The system of claim 1, where the diffuse reflectance signals are representative of light

collected at about 405 nm, 450 nm, and 620 nm.

0. The system of claim 1, wherein the instructions when executed cause the system
controller to analyze the tissue sample using each image to identify the presence of diseased
tissue within the tissue sample, the analysis including providing cellular or microstructural

morphological information.

10. The system according to claim 1, wherein the tissue sample is produced by a TURBT

procedure, a ERBT procedure, a biopsy, or a cystectomy.

11.  The system of claim 1, wherein the system controller instructions includes at least one

classifier that is trained using multispectral images.

12. The system of claim 11, wherein at least a first of the multispectral images is
representative of the autofluorescence emissions and at least a second of the multispectral images

is representative of the diffuse reflectance signals.
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13.  The system of claim 1, wherein the at least one of the biomolecules associated with the

bladder wall tissue includes one or more of collagen, elastin. NADH, elastin, or hemoglobin.

14. A system for analyzing an in-vivo bladder tissue sample, comprising:

an excitation light source configured to selectively produce a plurality of excitation
lights, each said excitation light centered on a wavelength distinct from the centered wavelength
of the other said excitation lights, wherein at least one of the excitation light centered
wavelengths is configured to produce autofluorescence emissions from one or more
biomolecules associated with a bladder wall tissue, and a diffuse reflectance signals from the
tissue sample, the system configured so that the plurality of excitation lights are incident to the
tissue sample;

at least one photodetector configured to detect the autofluorescence emissions, or the
diffuse reflectance signals, or both from the tissue sample as a result of the respective incident
excitation light, and produce signals representative of the detected said autofluorescence
emissions, or the detected said diffuse reflectance signals, or both;

at least one optical filter operable to filter the signals representative of the detected said
autofluorescence emissions, or the detected said diffuse reflectance signals, or both;

a probe configured to be deployed within a bladder, the probe in communication with the
excitation light source and the at least one photodetector, the probe configured to interrogate the
bladder wall tissue with the plurality of excitation lights and to collect the autofluorescence
emissions from one or more biomolecules associated with the bladder wall tissue and the diffuse
reflectance signals from the bladder wall tissue; and

a system controller in communication with the excitation light source, the at least one
photodetector, and a non-transitory memory storing instructions, which instructions when
executed cause the system controller to:

control the excitation light unit to sequentially produce the plurality of excitation
lights;
receive and process the signals from the at least one photodetector for each

sequential application of the plurality of excitation lights, and produce an image
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representative of the signals produced by each sequential application of the plurality of
excitation lights; and
analyze the tissue sample using a plurality of the images to determine the presence of

detrusor muscle tissue within the tissue sample.

15. The system of claim 14, wherein the probe is configured to excise the bladder wall tissue
sample.
16. A method of analyzing a bladder tissue sample, comprising:

sequentially interrogating the tissue sample with a plurality of excitation lights, each
excitation light centered on a wavelength distinct from the centered wavelength of the other
excitation lights, wherein at least one of the excitation light centered wavelengths is configured
to produce autofluorescence emissions from one or more biomolecules associated with a bladder
wall tissue, and a diffuse reflectance signals from the tissue sample;

using at least one photodetector to detect the autofluorescence emissions, or the diffuse
reflectance signals, or both from the tissue sample, and to produce photodetector signals
representative of the detected said autofluorescence emissions, or the detected said diffuse
reflectance signals, or both;

filtering the light emitted or reflected from the tissue sample resulting from each said
sequential interrogation of the tissue sample;

processing the photodetector signals for each sequential application of the plurality of
excitation lights, including producing an image representative of the photodetector signals
produced by each sequential application of the plurality of excitation lights; and

analyzing the tissue sample using each image to identify the presence of detrusor muscle

tissue within the tissue sample.

17. The method of claim 16, wherein the bladder tissue sample is produced during a TURBT

procedure.

18.  The method of claim 16, wherein the bladder tissue sample is produced during a ERBT

procedure.
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19. The method of claim 16, wherein the bladder tissue sample is produced during a biopsy.
20. The method of claim 16, wherein the bladder tissue sample is produced during a
cystectomy.

21. The method of claim 16, wherein the plurality of excitation lights are in a UV wavelength

range.

22. The method of claim 16, wherein the plurality of excitation lights are in the wavelength

ranges of about 275-285nm and about 345-371 nm and about 400-410 nm.

23. The method of claim 16, wherein the autofluorescence emissions are in the visible region.

24, The method of claim 16, wherein the autofluorescence emissions are in the wavelength

ranges of about 352-388nm, 380-420nm, 429-475nm, 532-552nm and 593-643nm.

25. The method of claim 16, where the diffuse reflectance signals are representative of light

collected in the visible region.

26. The method of claim 16, where the diffuse reflectance signals are representative of light

collected at about 405 nm, 450 nm, and 620 nm.

27. The method of claim 16, wherein the analyzing step includes analyzing the bladder tissue
sample using each image to identify the presence of diseased tissue within the bladder tissue

sample, the analyzing including providing cellular or microstructural morphological information.
28. The method of claim 16, wherein the analyzing step utilizes one or more classifiers and at

least one of the one or more classifiers is trained using a library of bladder tissue samples that

have been multispectrally analyzed with and without a histological stain.
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29. The method of claim 16, wherein the analyzing step includes empirically quantifying at
least one of the biomolecules associated with a bladder wall tissue, the quantifying including
determining a concentration of the at least one of the biomolecules associated with the bladder

wall tissue.

30. The method of claim 29, wherein the at least one of the biomolecules associated with the

bladder wall tissue includes one or more of collagen, elastin. NADH, elastin, or hemoglobin.

31 A method of analyzing an in-vivo bladder wall tissue sample, comprising:

inserting a probe into a subject’s bladder;

sequentially interrogating the bladder wall tissue sample with a plurality of excitation
lights emanating from the probe, each excitation light centered on a wavelength distinct from the
centered wavelength of the other excitation lights, wherein at least one of the excitation light
centered wavelengths is configured to produce autofluorescence emissions from one or more
biomolecules associated with a bladder wall tissue, and a diffuse reflectance signals from the
tissue sample;

using at least one photodetector to detect the autofluorescence emissions, or the diffuse
reflectance signals, or both collected from the bladder wall tissue sample using the probe, and to
produce photodetector signals representative of the detected said autofluorescence emissions, or
the detected said diffuse reflectance signals, or both;

filtering the light emitted or reflected from the tissue sample resulting from each said
sequential interrogation of the tissue sample;

processing the photodetector signals for each sequential application of the plurality of
excitation lights, including producing an image representative of the photodetector signals
produced by each sequential application of the plurality of excitation lights; and

analyzing the bladder wall tissue sample using each image to identify the presence of

detrusor muscle tissue within the bladder wall tissue sample.

32



WO 2022/150408 PCT/US2022/011343

1/10

20

I VVVVVVVVV )
: = .38 Emission Light
° j_i CAMERA 28 Filter assembly

§

i
, =34
Fitter Controller
1 [ 10 ] et motion
. -

.
s . .,
~,

. . "\ "
' Emgy Emng Em 3 Emgy v

26

- Sample

e 4{]
FiG, 1



WO 2022/150408

Excitation /
Humination

Wavelength {nm)

PCT/US2022/011343

2/10
Exyy | AFALEaq | AFAZeny | AFA3cas | AFMpay | ARRScos
EXaa | Rean | AFAZpq, | AFR3ga; | AFMpg, | AFADg,,
EX;a - Resz | AFA3gas | AFMgoa | ARAS a5
EX g Resu
Exae - - - Reas -
EX g - - - - Reas
RAeaz Rheaz | Rreas | Rheas | Rhpggs
Tryptophan| collagen/ | NADH FAD Hb
Elastin Reflectance /
Fluorescence
Wavelength {nm}
FIG. 2
Fluorescence 107
intensity g4  TRYPTOPHAN HEMOGLORIN
21 \“:,{ /
¥
74 /\  COLLAGEN/ n
/ \ easmin a
& I \ f i
51 j LA j A
/ \\ 3 7 / ] \
& LoV A A L
T OO A
j (AN A !
2' ,' y, \\ ,f, \ ’\, .-/ \, r: N
,; . /s \\)( / =, x){ kN ;
g / /'f/ i /\ ,-"f

Fluorescence Emission
Wavelength {nm}

FIG. 3

Riomolecules



WO 2022/150408 PCT/US2022/011343

3/10

. _ Perivesical
Muscularis Propria Fat Layer
(Detrusor Muscle)

Lamina Propria ——u__ \\\%

Urothelium
*—————— (Transitional
Epithelium)
3 S ———— Bladder

FIG. 4



WO 2022/150408

4/10

Classifier

PCT/US2022/011343

{5A-4}

FIG. 5A

Whole slide
Labels
(5A-7)

Original
HEE
{BA-5}

Affine-
transformed

imaging
System
{5A-1)
A
Mudtispectral Pracessad
rnages images
{54-2) {5A-3)
Test Processed
Images /1 Iimages
{5B-1) {58-2}

Classifier
{5B-3}

HRE (5A-5)

FIG. 5B

Predicted
label
{5B-4)




WO 2022/150408

5/10

PCT/US2022/011343

imaging Original H&E
System {BA-5}
{6A-1)

Mudtisoectral Prac 3 fine-
Images ’ iro essed -egtnented Classifier Lahels A fne _
mages fmages images (655! 62} transformed
{65-2) {BA-3) {6A-4] A N H&E {8A-7)

FIG. 6A
Processed Sesmente g Predicted
Test images :e‘cment&d Ciassifier .
65-1) images images {53 tabel
LoD~ - R {BB-= .
{ {6B-2} {68-3} {BB-5}

FIG. 6B




WO 2022/150408

fmaging
System
{TA-1}

Multispectral
tmages

(78-2)

6/10

PCT/US2022/011343

Criginal HEE
{7A-6}

Test Images
{78-1}

FIG. 7B

SR R R R A R e KR KRR R KA R R AR S X SN X R SN AR S AX SO AR NS AARS IR R SRR
Processed Seiectef:i — e _ Affine-

_ Featyres/Set Classifier Lahels e
Images f Femtures 17A-53 (74-5) transformed
{783} of resture Slat ' H&E {7A-T)

[7A-8)
FIG. 7A

Processed Extractad . Predicted

P Features/ Classifier ahe!

) £ Set of Features {78-3} ot
{78-2} i78-3) {78-5}




WO 2022/150408

7/10

PCT/US2022/011343

Pie =~ ~
/” \\\
’ \\
, Base learner 1 A
\
S T Y
1 \
I
1 \‘
; Base learner 2 )
e —
! (8A-5-2) b
1 I
) 1
\ 1
A
AY 14
\ Base learner N /
N\ > /
AN (8A-5-N) R4
~ l,
~ 4
\\\ ”/
imaging fi Original H&E
Systerm 7 (BA-B}
{8A-1} I} !
)
:‘Illl!Q‘IllllI'IllllI‘lIllll-'llllllIllilIi:iLi&l:’iiiiiII.iiillliiii‘illiii‘idlIiiiiill.Oiiiillii'iillbhﬁiilil;
biultispectral Processed ;:-S-?eiti’g . » Meta- Classifiar Lahels Affine-
images ||  images [ chfT‘r: | learner ( 8‘—?‘ «é" l’} [+ transformed
(8A-2) (8A-3} o (8*:;“} = (B-6) AR AT H&E (8A-5)
Extracted X
Processed - Pradicted
Test images o Features/ Classifier fabel
2gEs . \
{8B-1} . fg Set of Features {38-4} ) N
{88-2) - {88-5)
{8B-3)

FIG. 8B




WO 2022/150408 PCT/US2022/011343
8/10

FIG. 9A

FIG. 9B

FIG. 9C



WO 2022/150408 PCT/US2022/011343
9/10

FIG. 10A FIG. 10B FIG. 10C

FIG. 10D FIG. 10E FIG. 10F

FIG. 10G FIG. 10H FIG. 10l



WO 2022/150408

Biadder

10/10

PCT/US2022/011343

Modified
Hessolosoope

Prostate Gland

-
H S Ny
i 4 )
¥
N -
.

Fibey Optics For

Passage of Excliation
e Light and Coltected

\ & Emittad / Reflectad

8Multi-Spacirad imaging Systany

adapted for vvive Applications

FIG. 11



INTERNATIONAL SEARCH REPORT

International application No.

PCTIUS 22/11343

A. CLASSIFICATION OF SUBJECT MATTER
IPC-  A61B 1/06 (2022.01)
CPC - A61B 5/0059

According to International Patent Classification (1PC) or to both national classification and IPC

B. FICLDS SCARCIIED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

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

See Search History document

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2012/0061590 A1 (KHOJASTEH et al.); 15 March 2012 (15.03.2012), entire document, 1.3, 5-9, 11-14
- especially Fig. 1, 7C; para. [0004], [0027]-[0031], [0068], [0091]-[0092], [0102]-[0104], [0108] B metanan
Y 4,10, 15
Y US 2004/0179196A1 (HART); 16 September 2004 (16.09.2004); entire document, especially 4
Abstract; para. [0027]-{0028].

Y US 2016/0062098 A1 (THE ADMINISTRATORS OF THE TULANE EDUCATIONAL FUND); 3 10
March 2016 (03.03.2016); entire document, especially Abstract, para. [0017].

Y US 6,081,740 A (GOMBRICH et al.); 27 June 2000 (27.06.2000); entire document, especially 15
Abstract; Fig. 1; col. 10, In 7-16.

A US 6,055,451 A (BAMBOT et al.); 25 April 2000 (25.04.2000); entire document. 1-15

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

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

“D”  document cited by the applicant in the international application

“E” earlier application or patent but published on or after the internatinnal
filing date

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

“O" documentreferringto anoral disclosure, use, exhibition orother means

“P”  document published prior to the international filing date but later than

the priority date claimed

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle o1 theory underlying the invention

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

document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious (o a person skilled 1n the art

" document member of the same patent family

Date of the actual completion of the international search

21 Mebiuany 2022 (21.02.2022)

Date of mailing of the international search report

MAY 12 2022

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.0. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Kari Rodriquez

Telephone No. PCT Helpdesk: 571-272-4300

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




INTERNATIONAL. SFARCH RFPORT International application Meo.

PCT/US 22/11343

Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

1. D Claims Nos..

because they relate to subject matter not required to be searched by this Authority, namely:

2. L__] Claims Nos.;

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

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

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

This International Searching Authority found multiple inventions in this international application, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Group I: Claims 1-15 directed to systems for analyzing bladder tissue sampies.
Group Il: Claims 16-31 directed to methods of analyzing bladder tissue samples.

-*~Continued in extra sheet-*-

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

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

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

4, [Z No required additional search fees were timely paid by the applicant. Consequently, this intemational search report is restricted
Lo the mvention fust mentioned in the claims; it is covered by claims Nos.:
1-13

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

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

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)



INTERNATIONAL SEARCH REPORT

. . International application No.
Information on patent family members ¢ apphica

PCT/US 22/11343

-*-Box No. lll - Lack of unity-*-

The inventions listed as Groups I-1I do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
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comprising: inserting [a probe] into a subject's bladder; sequentially interrogating the bladder wall [tissue sample] with [a plurality of
excitation lights) emanating from [the probe], using [at least one photodetector] to detect [the autofluorescence emissions), or [the diffuse
reflectance signals], or both collected from the bladder wall [tissue sample] using [the probe]; fiitering the light emitted or reflected from
[the tissue sample]; processing [the photodetector signals) for each sequential application of [the plurality of excitation lights], including
producing [an image representative of the photodetector signals) produced by each sequential application of [the plurality of excitation
lights]; and analyzing the bladder wall [tissue sample] using [each image) to identify the presence of detrusor muscle tissue within the
bladder wall [tissue sample], not required in Groups |.
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The inventions of Groups |-l share the technical features of a system for analyzing an in-vivo bladder tissue sample, comprising:

an excitation light source configured to selectively produce a plurality of excitation lights, each said excitation fight centered on a
wavelength distinct from the centered wavelength of the other said excitation lights, wherein at least one of the excitation light centered
wavelengths is configured to produce autoflucrescence emissions from one or more biomolecules associated with a bladder wall tissue,
and a diffuse reflectance signals from the tissue sample, the system configured so that the plurality of excitation lights are incident to the
tissue sample;

at least one photodetector configured to detect the autofluorescence emissions, or the diffuse reflectance signals, or both from the
tissue sample as a result of the respective incident excitation light, and produce signals representative of the detected said
autofluorescence
emissions, or the detected said diffuse reflectance slgnals, or both;

at least one optical filter operable to filter the signals representative of the detected said autofluorescence emissions, or the detected
said diffuse reflectance signals, or both;

a probe configured to be deployed within a bladder, the probe in communication with the excitation light source and the at least one
photodetector, the probe configured to interrogate the bladder wall tissue with the plurality of excitation lights and to collect the
autofluorescence emissions from one or more biomolecules associated with the bladder wall tissue and the diffuse reflectance signals
from the bladder wall tissue; and

a system controller in communication with the excitation light source, the at least one photodetector, and a non-transitory memory
storing instructions, which instructions when executed cause the system controller to:

control the excitation light unit to sequentially produce the plurality of excitation lights;

receive and process the signals from the at least one photodetector for each sequential application of the plurality of excitation lights,
and produce an image

representative of the signals produced by each sequential apptication of the plurality of excitation lights; and

analyze the tissue sample using a plurality of the images to determine the presence of detrusor muscle tissue within the tissue sample.
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al (hereinafter 'Khojasteh'). Therefore, Groups I-Il lack unity since the shared technical features do not represent a contribution over:
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Khojasteh teaches a system for analyzing an in-vivo bladder tissue sample (system for in vivo imaging to identify diseased tissue, para.
[0108]; intended use, capable of analyzing bladder tissue) comprising:

an excitation light source (light source 79A, para. [0102]) configured to selectively produce a plurality of excitation lights, each said
excitation light centered on a wavelength distinct from the centered wavelength of the other said excitation lights (to emit light having
different spectra at different times, para. [0104]), wherein at least one of the excitation light centered wavelengths is configured to
produce autofluorescence emissions from one or more biomolecules associated with a bladder wall tissue (detect fluorescence in tissue
t that has been excited by light from light source 79A, para. [0102}), and a diffuse reflectance signals from the tissue sample (filter to
block light in the wavelength of the spectrum emitted by light source 79A; thus, while the system blocks the reflectance signal, the
excitation light produces a reflectance signal), the system configured so that the plurality of excitation lights are incident to the tissue
sample (apply treatment to adjacent tissues; light source 79a controlled to ecmit light, para. [0102]-[0103]);

at least one photodetector configured to detect the autofluorescence emissions, or the diffuse reflectance signals, or both from the
tissue sample as a result of the respective incident excitation light (light sensor 79C may detect fluorescence in tissue T that has been
excited by light from light source 79A, para. [0102]), and produce signals representative of the detected said autofluorescence
emissions, or the detected said diffuse reflectance signals, or both (display image on display 79F, para. (0102]; light sensor 79C implicit
transmits sensor data to the controller, see Fig. 7C, para. (0102]);

at least one optical filter operable to filter the signals representative of the detected said autofluorescence emissions, or the detected
said diffuse reflectance signals, or both [NOTE: see Box VIII] (a filter to block light in the wavelength window of the spectrum emitted by
light source 79A, para. {0102]; thus blocks reflectance light);

a probe configured to be deployed within a bladder (treatment head 77A, para. (0102]; intended use, capable of being placed in
bladder), the probe in communication with the excitation light source and the at least one photodetector (imaging system comprising a
light source 79A a rotating light collector 798 and a light sensor 79C images tissues on a wall of the vessel, para. [0102], Fig. 7C), the
probe configured to interrogate the bladder wall tissue with the plurality of excitation lights (para. (0102]) and to collect the
autofluorescence emissions from one or more biomolecules associated with the bladder wall tissue and the diffuse reflectance signals
from the bladder wall tissue (para. [0102]); and

a system controller (controller 79D, para. (0104]) in communication with the excitation light source (Fig. 7C, para. [0104]), the at least
one photodetector (Fig. 7C, para. [0102), [0104]), and a non-transitory memory storing instructions (controller 79D controls the method,
para [0102]-[0104]; RAM carrying computer-readable instruction which cause processor to perform a method of the invention, para.
[0132]), which instructions when executed cause the system controller to:

control the excitation light unit to sequentially produce the plurality of excitation lights (controller 79D controls light source 79A to emit
light having different spectra at different times, para. [0104]);

receive and process the signals from the at least one photodetector for each sequential application of the plurality of excitation lights
(light sensor 79C may detect fluorescence in tissue T that has been excited by light from light source 79A, para. [0102]; implicilly
processes sensor data for transmission to 1o image processing system, Fig. 7C, para. [0102]), and produce an image representative of
the signals produced by each sequential application of the plurality of excitation lights (generate an image based on difference between
light detect from the same part of tissue T when illuminated by different spectra, para. [0104]); and

While Khojasteh fails to specifically teach analyze the tissue sample using a plurality of the images to determine the presence of
detrusor muscle tissue within the tissue sample, Khojasteh teaches generating an image based on difference between light detect from
the same part of tissue T when illuminated by different spectra, (para. [0104]), and teaches in an alternative embodiment an image
analysis system to analyze the acquired images (para. [0031]) where different weighted sets of excitation wavelength illumination may
be selected to enable the image detection of separate components (e.qg. tissue types, cell types, etc (para. [0067]). It would have been
obvious to cne of ordinary skill in the art that the system of Khojasteh could have been modified as claimed to allow for image detection
of a patient's detrusor muscle.

As the common features were known in the art at the time of the invention, they cannot be considered special technical features that
would otherwise unify the groups.

Therefore, Groups I-Hl lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.
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