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METHOD AND SYSTEM FOR DETECTING CONTACT BETWEEN AN OPTICAL
PROBE AND TISSUE AND AUTOMATING TISSUE MEASUREMENT

[0001] This invention was made with government support under grant no. R01
CA109861 and grant no. RO1 CA128641, both awarded by the National Institutes of health.
The government has certain rights in the invention.

BACKGROUND

[0002] Currently, there are devices available for minimally invasive in vivo

diagnostic or therapeutic procedures. Many of these devices include systems with fiber-optic
probes to transmit light to and from the tissue. These probes must be placed in contact with
the target tissue in order to measure optical properties or to perform a therapeutic application.
This usually involves applying a gentle pressure to ensure and maintain good contact and
eliminate gaps between the probe and a tissue interface. Additionally, there is often a control
system involved which requires a user interface for a user to initiate the activity
(measurements or therapeutic application) once sufficient probe-to-tissue contact has been
achieved. This interface and required user action can result in time delays between initial
probe contact with the tissue of interest and initiation of the desired activity. Such factors
(time delay and pressure application) can impact the physiological parameters of the tissue
and therefore the optical properties measured from the tissue.

[0003] It has been demonstrated that pressure application and contact time between
a probe and tissue can have a significant impact on the physiological properties of the tissue.
When a firm pressure is applied by the probe to the tissue, there is an increase in the total
hemoglobin content at a superficial depth of approximately 100 pm below the tissue surface
and a decrease in the total hemoglobin content at a deeper depth of approximately 200 um.
There also is a significant decrease in the packaging length scale (PLS), which is proportional
to blood vessel diameter, at the deeper depth of penetration when firm pressure is applied.
These effects are illustrated in Fig. 9, which illustrates the pressure normalized effect of
gentle and firm pressure on the following physiological parameters: hemoglobin
concentration, oxygenation percentage, and the PLS %.

[0004] The effect of contact time may be amplified when a firm pressure, for
example 0.15-0.2 N/mm?, is applied as compared to when applying a gentle pressure. As
illustrated in Fig. 10, all parameters at both depths of penetration below the tissue surface,
100 pm and 200 pm, remain within 10% of the first measurement when gentle pressure is

applied. Fig. 10 shows the time normalized effect of gentle and firm pressure on the
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following physiological parameters over time: hemoglobin concentration, oxygenation
percentage, and the PLS %. For both depths at firm pressure, the total hemoglobin content
decreases over time. Oxygenation follows the same trend, although it decreases more rapidly.
PLS remains relatively constant to gentle pressure at the superficial depth, and only slightly
decreases at the deeper depth of penetration.
SUMMARY

[0005] The present invention relates generally to the detection of contact between a
measurement apparatus and tissue, and in particular to in vivo methods of detecting contact
between a probe and tissue or detecting close proximity of a probe to tissue, and to systems to
implement the methods.

[0006] In one embodiment, the present invention includes an apparatus for initiating
a procedure on tissue, the apparatus comprising a probe including a transmitter that transmits
a signal and a receiver that receives a reflected/diffused signal, the reflected/diffused signal
varying from the transmitted signal with changes in a proximity of the probe to the tissue, and
a controller that analyzes the reflected/diffused signal to determine whether the probe is
within a predetermined distance from the tissue. In such an embodiment, the controller
initiates the procedure when it is determined that the probe is within the predetermined
distance of the tissue. The controller may include a processor and a memory. The apparatus
may further comprise an output unit that, when the controller determines that the procedure
has been completed, the controller (i) outputs via the output unit an instruction to an operator
of the apparatus to move the probe away from the tissue, (ii) analyzes the signal as the probe
is being moved away from the tissue to determine when the probe has come out of contact
with the tissue, and (iii) outputs via the output unit an indication to the operator that the probe
has come out of contact with the tissue.

[0007] In another embodiment, the present invention includes a method of initiating
a procedure performed by a probe on tissue, the method comprising obtaining a signal from
the probe, the signal varying with changes in a proximity of the probe to the tissue, analyzing
the obtained signal by a controller to determine whether the probe is within a predetermined
distance of the tissue, and the controller initiating the procedure when it is determined that the
probe is within the predetermined distance of the tissue. In such an embodiment, the
obtaining and analyzing may be repeated until the probe is determined to be within the
predetermined distance of the tissue. The analyzing may include comparing the obtained

signal to a predetermined threshold.
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[0008] In one embodiment, the probe is determined to be in close proximity of the
tissue when a value of the obtained signal is greater than the predetermined threshold. The
probe may include a receiver that measures a physical property to output the obtained signal.
The receiver may be used to perform the procedure. The procedure may be a diagnostic
procedure.

[0009] In some embodiments, the receiver is an optical receiver and the physical
property is a light intensity. In another embodiment, the receiver is an electrical receiver and
the physical property is a resistivity. In yet another embodiment, the receiver is a mechanical
receiver and the physical property is a pressure.

[0010] In some embodiments, the probe may transmit light onto the tissue and
receive reflected/diffused light from the tissue to obtain the signal, the signal may represent
an intensity of the reflected light, and the controller compares the obtained signal to a
predetermined threshold intensity value. In such embodiments, the probe may receive the
reflected/diffused light at multiple wavelengths, and the signal may represent an average of
intensity values that are obtained from the probe according to the reflected/diffused light at
the multiple wavelengths.

[0011] In other embodiments, the probe may transmit a first polarized light and a
second polarized light different from the first polarized light onto the tissue and receives a
first reflected/diffused light and a second reflected/diffused light different from the first
reflected/diffused light from the tissue. The obtained signal may represent a ratio between
the first reflected/diffused light and the second reflected light, and the controller may
compare the obtained signal to a predefined threshold ratio value.

[0012] In other embodiments, after the controller determines that the procedure has
been completed, the controller indicates that the procedure has been completed to cause an
operator of the probe to move the probe away from the tissue, the controller analyzes the
signal as the probe is being moved away from the tissue to determine when the probe has
come out of contact with the tissue, and the controller indicates to the operator that the probe
has come out of contact with the tissue. In such embodiments, the controller compares the
obtained signal to a first predetermined threshold, and the controller compares the obtained
signal to a second predetermined threshold that is different from the first predetermined
threshold.

[0013] In some embodiments, the procedure performed may be a diagnostic

procedure. Alternatively, the procedure performed may be a therapeutic procedure.
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[0014] Such embodiments of the present invention initiate single or multiple
measurements or therapeutic applications when a device comes into contact with tissue
without a required action from a user. Such initiation may be conducted automatically. This
may significantly reduce the physiological changes that occur due to time and pressure. Data
quality may be enhanced and variability due to external factors may be reduced. Detecting
the device’s proximity to tissue enables the desired diagnostic measurement or therapeutic
application to be started upon contact between the tissue and the device. Detecting when the
device is in contact with the tissue will also automate the interactions required by the user to
initiate a measurement or therapeutic application which requires contact with the tissue. This
can automate both a single interaction between the device and the tissue and sequences of
multiple or repeated interactions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] These and other aspects and features of the present invention will become

apparent to those of ordinary skill in the art upon review of the following description of
specific embodiments of the invention in conjunction with the accompanying Figures,
wherein:

[0016] Fig. 1 illustrates an apparatus in accordance with the present invention.

[0017] Fig. 2 illustrates a method for initiating a procedure in accordance with the
present invention.

[0018] Fig. 3 illustrates a method for initiating and conducting a procedure in
accordance with the present invention.

[0019] Fig. 4 illustrates a data chart in accordance with an embodiment of the
present invention.

[0020] Fig. 5 illustrates a data chart in accordance with an embodiment of the
present invention.

[0021] Fig. 6 illustrates a data chart in accordance with an embodiment of the
present invention.

[0022] Fig. 7 illustrates a data chart in accordance with an embodiment of the
present invention.

[0023] Fig. 8 illustrates a data chart in accordance with an embodiment of the
present invention.

[0024] Fig. 9 illustrates a data chart comparing the pressure normalized effect of
gentle and firm pressure on hemoglobin concentration, oxygenation percentage, and the

PLS %.
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[0025] Fig. 10 illustrates a data chart comparing the time normalized effect of
gentle and firm pressure on hemoglobin concentration, oxygenation percentage, and the
PLS %.

[0026] Fig. 11 illustrates light reflectivity ratio data in an automated contact
detection sequence.

DETAILED DESCRIPTION OF EMBODIMENTS

[0027] The following exemplary embodiments are described below with reference

to the figures in the context of detecting tissue contact via a probe to initiate a tissue
measurement or other procedure. All exemplary embodiments of the present invention are
intended to be used in any applicable field of endeavor. The disclosure of "Method of
Detecting Tissue Contact For Fiber-Optic Probes to Automate Data Acquisition Without
Hardware Modification," published July 23, 2013 in Biomedical Optics Express, Vol. 4, No.
8, is hereby incorporated in its entirety.

[0028] One exemplary implementation relates to a probe apparatus that is used for
optically examining a target for tumors or lesions using what is referred to as "Early Increase
in microvascular Blood Supply" (EIBS) that exists in tissues that are close to, but not
themselves, the lesion nor tumor. Other exemplary implementations relate to probe apparatus
that are used to screen for possibly abnormal tissue using Low-coherence Enhanced
Backscattering (LEBS) spectroscopy. While the abnormal tissue can be a lesion or tumor, the
abnormal tissue can also be tissue that precedes formation of a lesion or tumor, such as
precancerous adenoma, aberrant crypt foci, tissues that precede the development of dysplastic
lesions that themselves do not yet exhibit dysplastic phenotype, and tissues in the vicinity of
these lesions or pre-dysplatic tissues. In one exemplary implementation, an application is for
detection of such lesions in colonic mucosa in early colorectal cancer, but other applications
are possible as well.

[0029] The methods described herein can be used with the optical probes described,
for example, in U.S. Patent Application No. 11/604,659 (published as U.S. Patent
Application Publication No. 2007/0129615), U.S. Patent Application No. 12/684,837
(published as U.S. Patent Application Publication No. 2010/0262020) and U.S. Patent
Application No. 13/963,560 (published as U.S. Patent Application Publication No.
2014/0036271), the disclosures of which are incorporated herein by reference in their
entireties. The remainder of the present description focuses mainly on the methods and
apparatus relating to detection of contact of the probe with tissue or close proximity of the

probe with tissue.
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[0030] Fig. 1 illustrates an exemplary apparatus for initiating a procedure on tissue
in accordance with the present invention. As illustrated in Fig. 1, apparatus 100 includes
probe 110, controller 120 and output unit 130. Probe 110 includes transmitter 112 and
receiver 114. Controller 120 may include processor 122 and memory 124. Memory 124 may
be a non-volatile memory medium.

[0031] In exemplary operation of apparatus 100, transmitter 112 transmits a signal
that is reflected off of tissue. The reflected/diffused signal is received by receiver 114, The
reflected/diffused signal received by receiver 114 may vary from the signal transmitted by
transmitter 112 in accordance with physical properties of the tissue and with changes in a
proximity of probe 110 to the tissue. Data representing the reflected/diffused signal received
by receiver 114 is transferred to controller 120.

[0032] Apparatus 100 measures changes in physical properties so as to determine
whether probe 110 is in contact with tissue or whether probe 110 is within a predetermined
distance of the tissue. In an exemplary embodiment of the present invention, apparatus 100
may measure changes in light intensity. Alternatively, apparatus 100 may measure changes
in other physical properties such as resistance, capacitance, inductance, or pressure.

[0033] Apparatus 100 may determine whether probe 110 has come in contact with-
the tissue or whether probe 110 is within a predetermined distance from the tissue. Apparatus
100 may analyze changes in a signal received by receiver 114 of probe 110 that is reflected
from the tissue as probe 110 approaches the tissue by comparing the signal to a
predetermined threshold. Use of apparatus 100 may decrease a time of contact between
probe 110 and the tissue prior to initiation of a measurement or other tissue procedure. Use
of apparatus 100 may also reduce the time-dependent impact of pressure applied to the tissue.
This will allow a measurement to be taken from the tissue with minimal changes in the
physiological parameters that are to be observed.

[0034] Controller 120 analyzes the reflected/diffused signal to determine whether
probe 110 is within a predetermined distance from the tissue. The predetermined distance
may be stored as data within memory 124. Predetermined data, past signal data, or other
information or thresholds may be stored within memory 124 for use in analysis performed by
controller 120. Processor 122 may be utilized in any analysis performed by controller 120
upon the reflected/diffused signal.

[0035] When controller 120 determines that probe 110 is within the predetermined
distance to the tissue, controller 120 may initiate a measurement or other procedure upon the

tissue. The procedure may be a diagnostic procedure, a therapeutic procedure, or other type
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of procedure or medical procedure. The measurement or procedure performed on the tissue
may be performed by apparatus 100. Probe 110 may be utilized in the measurement or the
procedure. Transmitter 112 and/or receiver 114 may be utilized in the performance of the
measurement or the procedure. Signals transmitted by transmitter 112 and signals received
by receiver 114 may be used by controller 120 for determination of proximity of probe 110 to
the tissue for determination of initiation of the procedure, and/or for the procedure itself.
Alternatively, the procedure may be performed by a separate device, i.e. apparatus 100 is not
utilized in the performance of the procedure. .

[0036] When controller 120 determines that probe 110 is within the predetermined
distance to the tissue, controller 120 may output an instruction via output unit 130 to an
operator of apparatus 100 to move probe 110 away from the tissue. The instruction output by
output 130 may be an audio, visual or any other form of data output or communication.
Output unit 130 may include a speaker, display screen, display medium or other audio and/or
visual output mechanism.

[0037] When controller 120 determines that probe 110 is within the predetermined
distance to the tissue, controller 120 may continue to analyze the signals received by receiver
114 as probe 110 is being moved toward the tissue or being moved away from the tissue to
determine when probe 110 is out of contact with the tissue. Alternatively, controller 120 may
then analyze the signal received by receiver 114 to determine when probe 110 is beyond the
predetermined distance to the tissue. Controller 120 may output via output unit 130 an
indication that probe 110 is out contact with the tissue, and/or beyond the predetermined
distance to the tissue.

[0038] In an exemplary embodiment, apparatus 100 may continuously and rapidly
monitor the intensity of signals reflect/diffuse from the tissue. This is accomplished by
continuously and rapidly transmitting a signal by transmitter 112 and continuously and
rapidly receiving a signal that is reflected from the tissue by receiver 114. Data
corresponding to signals received by receiver 1 14 may be stored within memory 124. The
intensity of the signals received may also be stored within memory 124. The intensity of the
received data points may be stored individually or may be averaged over data points to
minimize the impact of noise or invalid readings. The average intensity may then be
compared by controller 120 to a predetermined threshold stored within memory 124.
Controller 120 then determines if probe 110 is within a predetermined distance to the tissue.
Alternatively, controller 120 may determine if probe 110 is in contact with the tissue. If the

average intensity is below the threshold, new measurements are taken. If the average
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intensity is above the threshold, controller 120 determines that probe 110 is within a
predetermined distance to the tissue and/or in contact with the tissue, and controller 120 then
starts an operation to begin a procedure. Alternatively, controller 120 may determines if
probe 110 is in contact with the tissue.

[0039] In another embodiment, apparatus 100 may be utilized in conjunction with
an additional signal detection circuitry. Apparatus 100 may be utilized in a continuous
detection mode to confirm positioning of probe 100 relative to the tissue. Such continuous
detection may determine probe contact with the tissue as well as confirm data stability during
acquisition of tissue data used for processing and evaluation in a procedure.

[0040] In an alternative embodiment of the present invention, apparatus 100 may
include contact detection apparatus 140 (shown by broken lines in Fig. 1). Contact detection
apparatus 140 may comprise a physical sensor integrated into probe 110. Contact detection
apparatus 140 may transmit a signal when a probe tip of contact detection apparatus 140
comes in contact with the tissue. In such an embodiment, controller 120 would compare the
signal of contact detection apparatus 140 to a predefined threshold, and if contact detection
apparatus 140 indicated contact, controller 120 would use a hardware trigger to start
acquisition of signal data from receiver 114 in parallel to the data of contact detection
apparatus 140. It is estimated that such a modified apparatus 100 could result in a start of
data acquisition in as little as 20 ms to 30 ms from probe-to-tissue contact.

[0041] Fig. 2 illustrates a method for initiating a procedure in accordance with
apparatus 100. In step S100, transmitter 112 transmits a signal, preferably directed toward
the tissue. In step S110, receiver 114 receives a signal reflected from the tissue. Steps S100
and S110 may be rapidly and continuously performed throughout the performance of the
method. In step S120, controller 120 analyzes the reflected/diffused signal received by
receiver 114. Controller 120 performs the analysis by comparing the reflected/diffused signal
to the transmitted signal. Alternatively, controller 120 may analyze the reflected/diffused
signal by comparing the reflected/diffused signal to a predetermined threshold.

[0042] In step S130, controller 120 determines, based upon the analysis performed
in step $120, whether probe 110 is in contact with the tissue or whether probe 110 is within a
predetermined distance of the tissue. If controller 120 determines that probe 110 is in contact
with the tissue or otherwise within a predetermined distance of the tissue, controller 120
proceeds to step S140. In step S140, controller 140 begins performance of the tissue

measurement or procedure. If controller 120 determines that probe 110 is not within a
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predetermined distance of the tissue, controller 120 returns to step S120. Alternatively, in
step S140, controller 120 may determine whether probe 110 is in contact with the tissue.

[0043] Fig. 3 illustrates a method for initiating and conducting a procedure in
accordance with the present invention.

[0044] Apparatus 100 may detect contact between the tissue and probe 110 by
continuously and rapidly monitoring the reflected/diffused light intensity from the tissue and
then evaluating the data against predetermined criteria. To begin, the method is initiated by
setting the contact detection parameters. In an exemplary embodiment, a complete contact
sequence to trigger data acquisition, i.e. a procedure, may require 5 consecutive readings
above a predetermined threshold and variability. However, other embodiments may require a
different number of consecutive readings or require a running average to reach a predefined
value. Once this process is completed, apparatus 100 may switch modes to perform a tissue
measurement or procedure. In alternative embodiments, additional components may be
utilized to perform the tissue measurement or procedure.

[0045]  After controller 120 determines that the procedure is competed, controller
120 may output via output unit 130 an indication of completion of the procedure. The
indication of completion of the procedure may be an output to a user of apparatus 100 to
indicate that probe 110 may be moved away from the tissue. Alternatively, the indication of
completion may be a data signal that initiates automatic movement of probe 110 away from
the tissue. Controller 120 may again analyze the signal received by receiver 114 by
comparing the reflected/diffused signal to the transmitted signal. Alternatively, controller
120 may analyze the reflected/diffused signal by comparing the reflected/diffused signal to a
predetermined threshold.

[0046] When controller 120 determines that probe 110 is beyond a predetermined
distance from the tissue, controller 120 may output via output unit 130 an indication that
probe 110 is beyond a predetermined distance from the tissue and/or out of contract with the
tissue.

[0047] Parameters for determining contact between the probe and the tissue may
include: (1) specific wavelength range (if the probe is an optical probe); (2) normalized
threshold intensity ratio; (3) consistent threshold value (for example, within 3% for 5
consecutive measurements); and (4) integration time.

[0048] Additional analysis for determining contact between the probe and the tissue
may include evaluating an angle between the probe tip and the tissue. Asa function of

distance, angles as large as 45-60 degrees from normal to the tissue surface may not affect the



WO 2018/017251 10 PCT/US2017/038529

reflected intensity. However, more extreme angles (e.g., probe tangential to tissue surface)
may cause fluctuations in reflected intensity that resemble the probe sliding along the tissue
surface.

[0049] In one embodiment of the present invention, probe 110 may comprise an
optical probe, transmitter 112 may comprise an optical transmitter, and receiver 114 may
comprise an optical receiver. For example, receiver 114 may comprise one or more
spectrometer(s). The optical probe may include an illumination source. In such an
embodiment, apparatus 100 is used to record the intensity of light reflected from a tissue
sample. Spectrometers within probe 110 may record the light reflected from the tissue.
Transmitter 112 may include one or more illumination channels and receiver 114 may
include one or more collection channels (typically 2 or 3 collection channels). The distal tip
of probe 110 may include a plurality of thin film polarizers to polarize the incident light and
to enable collections of co-polarized, I||(A), and crosspolarized, I_(}), signals. Probe 110 may
record optical data reflected from the tissue spanning the wavelength range of 350 to 700 nm,
however, probe 110 is not limited to such a range. For example, the probes described in the
above-incorporated U.S. Patent Application Publication No. 2007/0129615 and U.S. Patent
Application Publication No. 2010/0262020 may be used.

[0050] In such embodiments, apparatus 100 may monitor the reflected/diffused
light intensity for tissue contact and record light that is received in a wavelength around 525
nm, however, apparatus 100 is not limited to such a wavelength. For example, transmitter
112 may transmit light with a wavelength outside of the visible spectrum. Using light that is
not visible may serve to minimize any impact of ambient light that may be present due to any
external device or other influence (such as video devices or an endoscope).

[0051] Apparatus 100 may collect, for example, 10 pixels of data from probe 110.
The intensity of the received light may be averaged over the 10 pixels of data to minimize the
impact of electrical noise. Controller 120 may detect contact of probe 110 with the tissue by
reading repeated measurements of the reflected/diffused light and comparing the data to a
predetermined threshold that is acquired. When acquiring data to detect tissue contact, it may
be desirable to take optical readings as quickly as possible.

[0052] In order to minimize the time it takes to acquire the data, only one light
receive channel of data from the probe may be acquired. To further facilitate a rapid light
measurement, only a small wavelength range of reflected/diffused light may be acquired.
One embodiment may use reflected/diffused light around 525 nm. This wavelength range of

reflected/diffused light that is acquired has been chosen in order to maximize the light output
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from the illumination source while minimizing the light absorption from hemoglobin that
may be present in the tissue as well as minimizing the impact of any ambient light present
during the measurement, such as from the endoscope light. Alternatively, receiver 114 may
include a single spectrometer that is configured to record reflected/diffused light intensity at
different wavelengths within memory 124 in order to minimize the processing time required
to record a larger spectrum while providing the ability to capture changes that occur at
different wavelengths in the spectrum.

[0053] In another embodiment of the present invention, a sum of the intensities of
multiple channels or wavelength ranges above a given baseline may be used to determine
when probe 110 is in contact with the tissue or otherwise within a predetermined distance of
the tissue. In order to amplify changes in the spectrum of the signal received by receiver 114,
controller 120 may use a product of the intensities of signals received in multiple channels of
receiver 114 that above a given baseline in order to determine when probe 110 is in contact
with the tissue.

[0054] When starting the process to detect contact with the tissue, controller 120
may configure receiver 114 for the specific wavelength range (525 nm) and integration time
(20 ms) that will be used. The integration time that is used depends on a number of factors,
such as the optical fiber parameters, illumination source intensity, tissue type, and the
sensitivity of the spectrometers. The integration time is selected to be as short as possible
while still providing an adequate optical signal to be able to differentiate the light reflected
off of the tissue from the illumination source from noise caused by the detection circuitry or
any background light that may be present.

[0055] Once apparatus 100 is configured for the tissue contact detection data
acquisition, controller 120 may initiate the tissue contact detection method, as previously
discussed. Controller 120 may include a state machine that provides a sequencing of steps
necessary to acquire the reflected/diffused light readings for both the tissue contact detection
measurements as well as the tissue physiological measurements. The state machine may
include states such as setup, configuring spectrometers for contact detection, acquiring
contact detection, evaluating contact detection, configuring spectrometers for tissue
measurement, acquiring tissue measurement, evaluating tissue measurement, configuring
spectrometers for probe retraction, acquiring probe retraction, evaluating probe retraction,
and a complete state. Such processes may involve initiating an optical recording by the
spectrometer(s). This data acquisition can be started using a hardware trigger. The hardware

trigger is particularly helpful when more than one spectrometer is used in data acquisition in
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order to synchronize the start time of data acquisition between the two light receive channels
(and spectrometers).

[0056] Once apparatus 100 completes the tissue contact detection data acquisition
and the recorded optical data is read, the optical data may be evaluated to determine if the
average intensity of the reflected/diffused light from the tissue around 525 nm is greater than
a predefined threshold. If the average intensity is greater than the predefined threshold, the
probe is determined to be in contact with the tissue or within a predetermined distance of the
tissue.

[0057] Figs. 5 and 6 are data charts illustrating an increase in the reflected/diffused
light from the tissue received by the probe as it approaches the tissue. As illustrated in
Figs. 5 and 6, a threshold of 12,000 counts may be used to detect when probe 110 is
approaching contact with the tissue. This threshold allows detection when probe 110 is
within approximately 2 mm of the tissue. The time for probe 110 to travel the remaining
distance to result in good contact with the tissue is typically around 100 ms. This is less than
the time that apparatus 100 will take to setup and acquire the tissue measurement
(approximately 150 ms).

[0058] The threshold value may be adjusted to fine tune the contact detection
algorithm (the distance at which contact is detected and the tissue measurement is triggered).
The threshold values may also be adjusted to account for a sensitivity of the spectrometers
used as well as the transmission properties of probe 110. In other embodiments, alternative
comparisons of the acquired reflected/diffused light may be performed.

[0059] In one embodiment, if an average intensity of the reflected/diffused light
from the tissue is around 525 nm and is less than the predefined threshold, then controller 120
determines that probe 110 is not in contact with the tissue. Controller 120 may then initiate
another optical reading from receiver 114. The time between the start of one tissue contact
detection optical reading and the beginning of another optical reading in this embodiment
would be no more than approximately 170 ms. Significantly shorter times are possible with
different spectrometers or hardware configurations.

[0060] If controller 120 determines that probe 110 is in contact with the tissue,
controller 120 will perform any events that are waiting for the tissue contact to occur. This
may include processes that begin steps necessary to start a procedure or other tissue
measurement. This may also include configuring receiver 114 to receive alternative signals

or light in a different wavelength range.
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[0061] When the reflected/diffused light from the tissue has been acquired by
receiver 114, controller 120 may perform analysis or other activities on the data. Such
activities may include: storing the recorded data signals reflected from the tissue in memory
124, outputting the received data signals via output unit 130 on a screen for user
interpretation, evaluating the light reflected from the tissue to determine if the light data is
usable by a physician and/or a data processing algorithm, processing the data to extract
physiological data from the received data signals and displaying the physiological data (via
output unit 130) to a user for interpretation. When data acquisition and analysis by controller
120 is compete, controller 120 via output unit 130 may inform a user by an audible tone
and/or a visual indication on a monitor to retract probe 110 from the tissue.

[0062] In one embodiment, data acquisition may start between 170 ms and 330 ms
from probe 110 to tissue contact. Such a potential delay (up to 330 ms) is significantly less
than without the use of apparatus 100, i.e., a human initiating the process. Such a delay may
be further reduced via use of precise hardware components (such as a different spectrometers,
different spectrometer communication interface, or a different control computer) if necessary.
This also provides a more consistent tissue contact to data acquisition starting time span (at
most 160 ms of variability). Further increases in processing speeds may also decrease these
data acquisition delays.

[0063] Controller 120 may automatically detect if probe 110 is out of contact with
the tissue once the tissue measurement or procedure is complete. This may be done by
repeating the method used for tissue contact detection and looking for the reflected/diffused
light signal to fall below a given threshold (or decrease by a predetermined percentage). In
such an embodiment, controller 120 may operate for the reflected/diffused light intensity at a
wavelength around 525 nm with a predetermined threshold of 7,000 counts; however, such a
threshold value may be adjusted. Such a threshold may be set lower than the tissue contact
detection threshold in order to prevent vacillation between detection of probe 110 being in
contact and out of contact as well as ensuring that probe 110 is sufficiently out of contact in
order to prevent premature measurements due to poor tissue contact.

[0064] When controller 120 has determined that probe 110 is sufficiently out of
contact from the tissue, output unit 130 may output to a user via an audible and/or visual
indicator, instructing to initiate contact with the tissue to acquire another measurement. At
this point in time, controller 120 may automatically repeat the tissue contact detection process.

[0065] Fig. 11 illustrates light reflectivity ratio data in an automated contact

detection sequence. As illustrated in Fig. 11, threshold ratios (tissue/calibration) where ON-



WO 2018/017251 14 PCT/US2017/038529

contact > 0:08 and OFF-contact < 0:06. This ON-contact threshold detects when the probe is
within 2mm of the tissue. In other words, the solid line at a ratio of 0.08 indicates ON-
contact and the dashed line at a ratio of 0.06 indicates OFF-contact. The time required for the
probe to travel the remaining distance and establish stable contact with the tissue is typically
<100 ms. This is less than the time needed by the system software to setup for tissue
measurement acquisition (around 150ms). The threshold values may be easily be adapted to
account for the sensitivity of different spectrometers, as well as the transmission properties of
different probes.

[0066] In Fig. 11, each of the data points represent the reflected intensity ratio
recorded as the probe was placed in contact with tissue in 3 isolated sequences, labeled A-E.
Points connected by the dotted line are continuous with a sampling rate of 170ms, and gaps
represent larger time lapses. The solid line is the ON-contact threshold (0.08) and the dashed,
line is the OFF-contact threshold (0.06). Sequence A represents the probe slowly advancing
toward the mucosa, and once in contact with tissue, pressure was continually applied to the
probe. Sequence B indicates the probe sliding along the tissue surface. The probe was not
held steady and the reflected intensity values are highly variable. In these two sequences, the -
reflected intensity rises above the threshold, but there is no consistency in the readings. The
last sequence (C-E) models the ideal performance where the reflected intensity rises sharply
above the threshold (indicating contact with tissue) and maintains a constant value (indicating
steadiness of the probe). The circled points designate data that meets all criteria for good,
stable contact and triggered a tissue measurement. The gap in time sampling immediately
following the circles points (approximately 600ms) is due to exiting contact detection mode,
entering acquisition mode and reentering contact detection mode. After data acquisition, the
probe is retracted and the reflected intensity drops dramatically below the OFF-contact
threshold.

[0067] Alternative embodiments of apparatus 100 that utilize an optical transmitter
may be used. Such embodiments include optical transmitters and receivers that use different
wavelength ranges of light. Such ranges may be broader or narrower than the wavelength
range previously described. Additional embodiments may be used alone or in combination
with other embodiments of the present invention.

[0068] In another embodiment of the present invention, an optical signal may be
evaluated by controller 120 to determine if one or more optical channels of receiver 114 have
a received intensity above a threshold for a particular wavelength or wavelength range. Such

an embodiment may utilize a wavelength where the illumination source outputs high signal
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intensity relative to ambient light. When the received light is above a given threshold, probe
110 may be determined to be in contact with the tissue, i.e. the increase in the light from
transmitter 112 is reflected back by the tissue. If more than one optical channel of receiver
114 is used to evaluate the received light intensity, separate trigger thresholds may be used
depending on the characterizations of the expected light from the respective channels. These
thresholds may be general thresholds for each light receive channel or they may be probe
specific. The probe specific thresholds may be configured based on manufacturing test
results or based on a calibration performed before each data acquisition use.

[0069] In yet another embodiment of the present invention, an optical signal
received by receiver 114 may be evaluated by using a ratio of the optical signal received
between multiple channels for a given wavelength or wavelength range. Such data is
illustrated in Fig. 8. Such an embodiment may be useful with polarization gated probes when
the interaction of light with tissue alters the polarization of the reflected light. A difference in
the recorded data from the receive channels of receiver 114 is due to the difference in
polarization of the reflected/diffused light collected from the tissue by the two channels. As
illustrated in Fig. 8, channel 1 is used to collect the co-polarized signal while channel 2 is
used to collect the cross-polarized signal. The polarization difference provides the ability for
depth-selective tissue analysis. When the ratio of the co-polarized received light to the cross-
polarized received light is above a given threshold, probe 110 may be determined to be in
contact with the tissue. Fig. 8 illustrates how a ratio of the signals received by two channels
may be used to predict contact between the probe and the tissue.

[0070] In another embodiment of the present invention, controller 120 may use light
intensity recorded at a wavelength when transmitter 112 is of low illumination intensity and
there is a high ambient light intensity, such as approximately 650 nm as illustrated in Fig. 7.
When the ambient light that is recorded decreases below a given threshold, probe 110 may be
determined to be in contact with the tissue and thus blocking the ambient light from being
reflected into the optical receive channels. Because this embodiment relies on ambient light,
this embodiment may be used with only a single receive channel and no light transmission
channel.

[0071] In another embodiment of the present invention, controller 120 may evaluate

the intensity of the reflected/diffused light from one or more receive channels with a preset

baseline, for example, a spectrometer electrical baseline reading. A predefined percentage

increase in the intensity of the light received over the baseline may be used to determine
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when probe 110 is in contact with the tissue which will result in the beginning of a procedure
or other type of tissue measurement.

[0072] In another embodiment of the present invention, receiver 114 may include
multiple optical receive channels to record the received light intensity at different
wavelengths in order to minimize the processing time required to record a larger spectrum
while providing the ability to capture changes that occur at different wavelengths in the
spectrum. For example, a first channel may be used to acquire data with a high system
illumination signal and a low expected ambient light component while a second channel may
be used to acquire data with a low system illumination source signal and a high expected
ambient light component. When both the reflected/diffused light from the system
illumination source increases above a threshold and the ambient light signal decreases below
a threshold, controller 120 determines that tissue contact has occurred. In such an
embodiment, the multiple light intensity values may be recorded or stored within memory
124.

[0073] In another embodiment of the present invention, multiple channels of a
polarization gated probe may be utilized to evaluate a difference between the
reflected/diffused light received by the channels of receiver 114 in order to determine when
probe 110 is in contact with the tissue. The characteristics of the co-polarized and cross-
polarized channels of probe 110 provide an ability for depth-selective tissue analysis and are
such that the relative difference between the spectra may be used to determine when probe
110 is in contact with the tissue by evaluating the interaction of the reflected/diffused light -
with the superficial layer of the tissue in contact.

[0074] In an alternative embodiment of the present invention, a pressure sensor may
be integrated into a distal end of probe 110. Controller 120 may monitor the pressure sensor
to determine if probe 110 is in contact with the tissue. When the pressure is measured to be
greater than a predefined threshold, controller 120 may initiate a measurement of the light
received by receiver 114, Controller 120 may also record the pressure applied to the tissue
during the measurement in memory 124.

[0075] In other embodiments of the present invention, probe 110 may measure
resistance, inductance, capacitance, or pulsing air. A sensor that measures the respective
physical property may be integrated into the distal end of probe 110 to provide information to
controller 120 so that controller 120 may determine if probe 110 is in contact with the tissue.

[0076] The foregoing description of the exemplary embodiments of the invention

has been presented only for the purposes of illustration and description and is not intended to
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be exhaustive or to limit the invention to the precise forms disclosed. Many modifications

and variations are possible in light of the above teachings.
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WHAT IS CLAIMED IS
1. A method of initiating a procedure performed by a probe on tissue, the method
comprising;:

(a) obtaining a signal from the probe, the signal varying with changes in a
proximity of the probe to the tissue;

(b) analyzing the obtained signal by a controller to determine whether the probe is
within a predetermined distance of the tissue; and

() the controller initiating the procedure when it is determined that the probe is
within the predetermined distance of the tissue.

2. The method according to claim 1, wherein steps (a) and (b) are repeated until
the probe is determined to be within the predetermined distance of the tissue.

3. The method according to claim 1, wherein step (b) includes comparing the
obtained signal to a predetermined threshold.

4, The method according to claim 3, wherein the probe is determined to be in
close proximity of the tissue when a value of the obtained signal is greater than the
predetermined threshold.

5. The method according to claim 1, wherein the probe includes a receiver that
measures a physical property to output the obtained signal.

6. The method according to claim 5, wherein the receiver also is used to perform

the procedure.

7. The method according to claim 6, wherein the procedure is a diagnostic
procedure.
8. The method according to claim 5, wherein the receiver is an optical receiver

and the physical property is a light intensity.

9. The method according to claim 5, wherein the receiver is an electrical receiver
and the physical property is a resistivity.

10.  The method according to claim 5, wherein the receiver is a mechanical
receiver and the physical property is a pressure.

11.  The method according to claim 3, wherein

the probe transmits light onto the tissue and receives reflected/diffused light from the
tissue to obtain the signal,

the signal represents an intensity of the reflected light, and

in step (b), the controller compares the obtained signal to a predetermined threshold

intensity value.
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12.  The method according to claim 3, wherein

the probe transmits a first polarized light and a second polarized light different from
the first polarized light onto the tissue and receives a first reflected/diffused light and a
second reflected/diffused light different from the first reflected/diffused light from the tissue,

the obtained signal represents a ratio between the first reflected/diffused light and the
second reflected light, and

in step (b), the controller compares the obtained signal to a predefined threshold ratio
value.

13.  The method according to claim 11, wherein

the probe receives the reflected/diffused light at multiple wavelengths, and

the signal represents an average of intensity values that are obtained from the probe
according to the reflected/diffused light at the multiple wavelengths.

14.  The method according to claim 1, further comprising:

(d) after the controller determines that the procedure has been completed, the
controller indicates that the procedure has been completed to cause an operator of the probe
to move the probe away from the tissue;

(e) the controller analyzes the signal as the probe is being moved away from the:
tissue to determine when the probe has come out of contact with the tissue; and

H the controller indicates to the operator that the probe has come out of contact
with the tissue.

15.  The method according to claim 14, wherein

in step (b), the controller compares the obtained signal to a first predetermined
threshold, and

in step (d), the controller compares the obtained signal to a second predetermined
threshold that is different from the first predetermined threshold.

16.  The method according to claim 1, wherein the procedure performed in step (¢)
is a diagnostic procedure.

17.  The method according to claim 1, wherein the procedure performed in step (¢)
is a therapeutic procedure.

18. An apparatus for initiating a procedure on tissue, the apparatus comprising:

a probe including a transmitter that transmits a signal and a receiver that receives a
reflected/diffused signal, the reflected/diffused signal varying from the transmitted signal

with changes in a proximity of the probe to the tissue; and
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a controller that analyzes the reflected/diffused signal to determine whether the probe
is within a predetermined distance from the tissue, wherein

the controller initiates the procedure when it is determined that the probe is within the
predetermined distance of the tissue.

19.  The apparatus according to claim 18, wherein the controller includes a
processor and a memory.

20.  The apparatus according to claim 18, further comprising an output unit,
wherein

when the controller determines that the procedure has been completed, the controller:

(i) outputs via the output unit an instruction to an operator of the apparatus to move
the probe away from the tissue,

(ii) analyzes the signal as the probe is being moved away from the tissue to determine
when the probe has come out of contact with the tissue, and

(iii) outputs via the output unit an indication to the operator that the probe has come

out of contact with the tissue.



PCT/US2017/038529

WO 2018/017251

1/9

L "Old

ocl
LINN 1NdLNO
74 443 viL ¢l
AHOWIN ¥0SSIO0Nd NENVEREN YALLINSNYYL
B o m
21 Y3TI0YLINOD SNIVYVddY |
NOILO313d LOVINOD ! 1T 390%d

001 sSnivyvddy




WO 2018/017251 PCT/US2017/038529

2/9

S100— TRANSMIT SIGNAL
CONTINUOUSLY
PERFORM
S10— RECEIVE SIGNAL
$120 — ANALYZE SIGNAL €

S130
DETERMINE

no

IF WITHIN A PREDETERMINED
DISTANCE

$140— PERFORM PROCEDURE

FIG. 2



PCT/US2017/038529

WO 2018/017251

3/9

SUSSLY, PreRa], M0k ]
DOUMADY 1I28() VLIOJEY

|

;yspdwioy wuasnbog

4

|

L

SIATRUY ONSSLY, IO
Rneey (EMEYy WOy

J

UOLRIRT $A0 ¥
peulciieads emiguey

TEMIOINSWO ] SNBELY, 30}
wypmorpsdg amiyuo)

&

JEDLIOFUSRIPY] mn H Honsaiag
RuTpwoy BOnSo(] onssy, szdpeny TITND T
FRIOT-F A SFBnRAy y
B
Burpusy w013
Burpwe] wonIelagg omssyy, ssuboy ﬁﬁ%@m@ anuboy
wemon- 130 samboy
. JOFMOINFRATY ONEELT, | Eﬁﬁwowwﬁ@ms NO 30
aqoLy vy Sunrey % pooeiagy 18384k g amdguosy
- -1y BLIOHY | 30wuory ixosp) muopny |
1 ¢ SINOUIRIE] BOLRSIS(]

VIO STMBINU] e
DMIOY JGEPY ojgBuy e

WOYDOII(] IEITOL)

0] DXBA[OR mﬁwm

f

T wewysspag oo

SPPITIVY SFES}

¢ Old



WO 2018/017251 PCT/US2017/038529
4/9

FIG. 4

g PARG  wo gy wwochm ok 39 =2

- Wavalangth Rsnges Optindestion




WO 2018/017251

PCT/US2017/038529

5/9
Recorded Light Specirum
a7 T Fe T 14 T
[ -
& 25 ¢ s R
o . RS P
5 %1 '. Ci
§ s i
s W N
s 1 e
¢ b o T - ot et o
@®o 450 B0 550 500 250 50
Wavelength fnm)
Opticsl messurements it contaet with tssue
Recorded Lighd Spectrum
L} L q T ¥ Y

Bpacirsmster Couts {15°3)

s r
o~
‘ NG SN ]
;@T\ ] '\y,/._("“,
4 {. _>:w“¢"'-‘.'- ,.r)r‘, i '-..

-~

o
. ot
.
- N
- s
¥ 4 $
224 &®h

Wevstength fam)

- Dptica! signats snd spproximats distanve from Hssue frm



WO 2018/017251

PCT/US2017/038529

6/9
FiG. 7
Hevorded Ligit Speciram
35 F ’ ” . Py
& :s@ ;’"’ﬂi‘ *\\\{ﬁ e f»’“"\\‘

26+

&
5 20 i ~. T
& »
] i | s //
€ 51 ’I . ‘\ 4 : S
: \ >
{ N, R N
104 oo e AT L .
§ L / e et S
3 ) . [
A J astuhre gt ¢ pont ¥ t
#00 450 500 850 800 850 i

Yavslength {nm}

- Gptics! signal with Endoscope Bght and spprosimate distence from thaus {mm)

Revorded Light Spectium

W ,
v S nkeiimag A, (O b

[avew)

St o a s et Y
S R 2 e

Vavelength {nm}

+Reestve signal 1/ signal 2 in vontact and incesesing distance from Hesue



PCT/US2017/038529

WO 2018/017251

7/9

FIG. 9

{d}

{8}

5
By L B OF Em.ﬁ.m.ﬂxﬂwu By
{nof gz "wopeassEIuCT B {mel oz} "unpRuRSANG
1S SRR IO DITBE REG PRI 2R R 14

3

9
g
§
&
=

]
i
Santis

Hantle

&t 31 B &
{33} woRReam K80 G
FIIRRGLION BN 24

T TR
{wrigpt} weppuadian
BAHRUIGN IR RIE

Presmurs

Pressurs

Ewords

' o ¥
(st oo} e
PRYRLEION BIMEL I

=
W L B
e nat} T4
PO ION IS Fid

- Pressure

- Phvsiclogicsl parameter chenges dus 1o prassurs



WO 2018/017251

FIG. 10

8/9

PCT/US2017/038529

= | C

igim«pi. I{ 1 . g ««‘@I} ii .EI ” ]

& ;,i; | ” “ Hﬁl E] JH gg 4 - iR} H }

g E= ) % % ﬂ EF = %% % % v

i Hiti hi|es: it
é : Time ﬁaﬁmﬂiﬁ) ; 45 iﬁﬂms {m:nnj:} "

5- e 19 ,

: Wity g ]

‘{3‘:““ - § - o Q@

2] hy H h,

4 Ty 1 oy,

£ RN H g
é 3’“9 (m“ﬁ; * ﬁ ‘;:ma (@mmd;j *

§ @ g {f

o om 2l _,

| NREENIRI i

vweg"éﬁgi}éhi;“i{} - 7 1 ?;

2 ! 3| ;

”'igi % i % % §§ 1 } g i v}% %

gﬁ‘& 5 # " ?%- . - - .

Time {seconds)

EXIT

Time {seconds)

Changs In physiclogios! meassurements over Ume




PCT/US2017/038529

WO 2018/017251

9/9

sousnbeg monoeIn( pPRgo

a J d

T o8 o
ot t e, o, . eahe
e . ® : 2 . s e .
g Oy o - . 8 - ’ .
g i ad . - >
& ° ® . > .
. . « . » -
: kY ns . -
. s ® $ .
X : “ y
aammn r—— — e, e .7§Mo — vy, - sm—— e e e ——— —— g e Alnn@ - el o
. . .
¢/
Y ® e
- k4 e
. - &
: .
; : o S -
%, e L e
e N e e
» Ko L] %
@ . 8 ,
N ﬁw & ¢
A e SMSEILY
3807 JqrIG FHPHS 2G0T PISRADU] ]

A4

00

3

ofBY ANSua] paioa)sy

900

300

-
o

L
foned
e

¥10



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2017/038529

A. CLASSIFICATION OF SUBJECT MATTER

IPC(8) - AB1B 5/00; A61B 5/05; A61B 5/06; A61B 6/00

CPC -
(2017.05)

; A61B 8/08; A61B 17/00; A61B 18/00 (2017.01)

A61B 5/061; A61B 5/00; A61B 5/0059; A61B 5/0075; A61B 5/0084; A61B 18/00; A61B 34/20

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

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by ¢

See Search History document

lassification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC - 600/424; 600/300; 600/302; 600/309; 600/476; 600/478; 600/547 (keyword delimited)

Electronic data base consulted during the international search (name of
See Search History document

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 2011/0313280 A1 (GOVARI et al) 22 December 2011 (22.12.2011) entire document 1-9, 11, 13, 16-19
Y 10
Y US 8,147,423 B2 (HASHIMSHONY et al) 03 April 2012 (03.04.2012) entire document 10
A US 2005/0025493 A1 (ASTRAUSKAS) 03 February 2005 (03.02.2005) entire document 1-20
A US 9,179,843 B2 (MOGHADDAM et al) 10 November 2015 (10.11.2015) entire document 1-20
A US 8,271,095 B2 (O'SULLIVAN) 18 September 2012 (18.09.2012) entire document 1-20

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

D See patent family annex.

* Special categories of cited documents:

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

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

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

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

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

the priority date claimed

“T” later document published after the international filing date or priority

date and not in conflict with the apﬁliqation but cited to understand
the principle or theory underlying the invention

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

“yr

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

“&” document member of the same patent family

Date of the actual completion of the international search

01 August 2017

Date of mailing of the international search report

24 AUG 2017

Name and mailing address of the ISA/US

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

Facsimile No. 571-273-8300

Authorized officer
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - wo-search-report

