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PROVIDE SPECTROPHOTOMETRIC SENSOR WITH
PROCESSING PORTION AND TRANSDUCER
HAVING LIGHT SOURCE AND LIGHT DETECTOR

DETECT TRANSMITTED LIGHT AFTER PASSAGE
THROUGH TISSUE AND PRODUCE INITIAL
SIGNAL DATA FROM DETECTED LIGHT

DETERMINE VALUE REPRESENTATIVE OF
ATTENUATION OF AT LEAST ONE
WAVELENGTH OF DETECTED LIGHT USING
INITIAL SIGNAL DATA

DETERMINE WHETHER REPRESENTATIVE
ATTENUATION VALUE IS OUTSIDE A
PREDEFINED RANGE OF ATTENUATION

DETERMINE BLOOD OXYGEN PARAMETER
VALUE USING FIRST INTERROGATION SETTING
IF REPRESENTATIVE ATTENUATION VALUE IS
OUTSIDE PREDEFINED RANGE OF
ATTENUATION OR USE SECOND
INTERROGATION SETTING IF REPRESENTATIVE
ATTENUATION VALUE IS WITHIN PREDEFINED
RANGE OF ATTENUATION
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PROVIDE SPECTROPHOTOMETRIC SENSOR WITH
PROCESSING PORTION AND TRANSDUCER
HAVING LIGHT SOURCE AND LIGHT DETECTOR

DETECT TRANSMITTED LIGHT AFTER PASSAGE
THROUGH TISSUE AND PRODUCE INITIAL
SIGNAL DATA FROM DETECTED LIGHT
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DETERMINE VALUE REPRESENTATIVE OF
ATTENUATION FOR A PLURALITY OF
WAVELENGTHS WITHIN TISSUE USING INITIAL
SIGNAL DATA

COMPARE AT LEAST ONE REPRESENTATIVE
ATTENUATION VALUE TO ONE OR MORE OTHER
REPRESENTATIVE ATTENUATION VALUES TO

DETERMINE IF SELECTED REPRESENTATIVE
ATTENUATION VALUE IS DISPROPORTIONATE
TO OTHER REPRESENTATIVE ATTENUATION

VALUES

DETERMINE BLOOD OXYGEN PARAMETER
VALUE USING FIRST INTERROGATION SETTING
IF REPRESENTATIVE ATTENUATION VALUE IS
OUTSIDE PREDEFINED RANGE OF
ATTENUATION OR USE SECOND
INTERROGATION SETTING IF REPRESENTATIVE
ATTENUATION VALUE IS WITHIN PREDEFINED
RANGE OF ATTENUATION
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METHOD FOR SPECTROPHOTOMETRIC
BLOOD OXYGENATION MONITORING

[0001] This application claims priority to U.S. Patent
Appln. No. 61/847,855 filed Jul. 18, 2013.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] This invention relates to methods for non-invasively
determining biological tissue oxygenation in general, and to
non-invasive methods utilizing near-infrared spectroscopy
(NIRS) techniques for determining the same in particular.
[0004] 2. Background Information

[0005] U.S. Pat.Nos. 6,456,862;7,072,701; and 8,396,526,
all assigned to the assignee of the present application and all
hereby incorporated by reference, disclose methods for spec-
trophotometric blood oxygenation monitoring. Oxygen satu-
ration within blood is defined as:

HbO, (Eqn. 1)

Opsaturation % = m + 100%

These methods, and others known within the prior art, utilize
variants of the Beer-Lambert law to account for optical
attenuation in tissue at a particular wavelength. The term
“absorb” in various different forms is often used to refer to
light attenuation. Numerous physical phenomena may col-
lectively cause light attenuation, including light scattering
and absorptive phenomena. Relative concentrations of oxy-
hemoglobin (HbO,) and deoxyhemoglobin (Hb), and there-
fore oxygenation levels, within a tissue sample are determin-
able using changes in optical attenuation:

1 (Eqn. 2)
Ay = —log<z)/\ =ay*Cxd

wherein “A,” represents the optical attenuation in tissue at a
particular wavelength A (units: optical density or OD); “I,”
represents the light intensity of the incident light at the wave-
length (units: W/cm?); “I” represents the light intensity of the
detected light at the wavelength (units: W/em?); “o,” repre-
sents the wavelength dependent absorption coefficient of the
chromophore (units: OD*em™'#*uM™); “C” represents the
concentration of chromophore (units: uM); and “d” repre-
sents the light source to detector (optode) separation distance
(units: cm).

[0006] To non-invasively determine oxygen saturation
within tissue accurately, it is necessary to account for the
optical properties (e.g., absorption coefficients or optical den-
sities) of the tissue being interrogated. In some instances, the
absorption coefficients or optical densities for the tissue com-
ponents that create background light absorption and scatter-
ing can be assumed to be relatively constant over a selected
wavelength range. The graph shown in FIG. 1, which includes
tissue data plotted relative to a Y-axis of values representative
of absorption coefficient values and an X-axis of NIRS light
wavelength values, illustrates such an instance. The aforesaid
constant value assumption is reasonable in a test population
where all of the subjects have approximately the same tissue
optical properties; e.g., skin pigmentation, muscle and bone
density, etc. A tissue interrogation method that relies upon
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such an assumption may be described as being subject inde-
pendent. Our findings indicate that the same assumption is not
reasonable, however, in a population of subjects having a
wide spectrum of tissue optical properties.

[0007] The validity of an assumption of the tissue and bone
characteristics of a test population can also be questioned in
instances where the tissue optical properties of tissue or bone
is abnormal. One or more of disease, trauma head injury,
medication, and an abnormal anatomy can cause abnormal
brain and extracerebral components (scalp & skull) tissue
optical properties. The abnormality of these properties can be
such that conventional tissue oximetry techniques become
inaccurate and difficult, and in some cases tissue oximetry
algorithms cannot make a calculation at all; e.g., when the
optical properties of the altered tissue (including bone) falls
out of the expected range.

[0008] Examples of disease, injury, or abnormal anatomy
that could result in altered tissues (e.g., cerebral and extrac-
erebral tissue) include, but are not limited to, bruises, contu-
sion, scarring, skull fracture, concussion, surgery scarring,
sinus infections and other infections, tissue discoloration,
bone discoloration, dura pigmentation, bone marrow, fore-
head hair follicles, etc. These conditions may be natural, or
may be the result of injury or medication.

[0009] A bruise, also called a contusion, is a type of rela-
tively minor hematoma of tissue in which capillaries and
sometimes venules are damaged by trauma, allowing blood to
seep into the surrounding interstitial tissues. Bruises can
involve capillaries at the level of skin, subcutaneous tissue,
muscle, or bone.

[0010] As atype of hematoma, a bruise is always caused by
internal bleeding into the interstitial tissues, usually initiated
by blunt trauma, which causes damage through physical com-
pression and deceleration forces. Trauma sufficient to cause
bruising can occur from a wide variety of situations including
accidents, falls, and surgeries. Disease states such as insuffi-
cient or malfunctioning platelets, other coagulation deficien-
cies, or vascular disorders, such as venous blockage associ-
ated with severe allergies can lead to the formation of bruises
in situations in which they would not normally occur and with
only minimal trauma. If the trauma is sufficient to break the
skin and allow blood to escape the interstitial tissues, the
injury is not a bruise but instead a different variety of hemor-
rhage called bleeding, although such injuries may be accom-
panied by bruising elsewhere.

[0011] Increased distress to tissue causes capillaries to
break under the skin, allowing blood to escape and build up.
As time progresses, blood seeps into the surrounding tissues,
causing the bruise to darken and spread. Nerve endings within
the affected tissue detect the increased pressure, which,
depending on severity and location, may be perceived as pain
or pressure or be asymptomatic. The damaged endothelium
(lining) of the affected capillaries releases endothelin, a hor-
mone that causes narrowing of the blood vessel to minimize
bleeding. As the endothelium is destroyed, the underlying von
Willebrand factor is exposed and initiates coagulation, which
creates a temporary clot to plug the wound and eventually
leads to restoration of normal tissue.

[0012] During this time, larger bruises may change color
due to the breakdown of hemoglobin from within escaped red
blood cells in the extracellular space. The striking colors of a
bruise are caused by the phagocytosis and sequential degra-
dation of hemoglobin to biliverdin to bilirubin to hemosid-
erin, with hemoglobin itself producing a red-blue color,
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biliverdin producing a green color, bilirubin producing a yel-
low color, and hemosiderin producing a golden-brown color.
As these products are cleared from the area, the bruise disap-
pears. Often the underlying tissue damage has been repaired
long before this process is complete. Therefore during a
bruise, hemoglobin breaks down to biliverdin, then to biliru-
bin, to hemosiderin, which material alters the optical proper-
ties of the affected tissue. The hemoglobin breakdown to
biliverdin is particularly interesting because the light absorp-
tion spectra of biliverdin shows profound light absorption as
the wavelength decreases from 900 nm in the near-infrared
range down to 600 nm in the red range, similar to the subject
data shown in the figures of this application; e.g., See FIG. 2.
[0013] The human forehead has more hair follicles (called
vellus hair) than any other part of the human body. Because
most of vellus hair is fine and pale, it usually is not visible to
the naked eye. The thicker, fully pigmented hair most people
consider “real hair” is called terminal hair. Terminal hair is
found on scalp, eyebrows, legs, backs, underarms. For most
people under examination by cerebral oximetry sensor placed
on the forehead, the forehead hair follicles have no effect.
However for somepeople, the forehead hair follicle may have
excessive pigmentation or other characteristics that can alter
the tissue optical properties to a degree where a cerebral
oximetry sensor may give an erroneous reading.

[0014] As a result of one or more of the aforementioned
conditions, the optical characteristics as measured by a reflec-
tance spectroscopy sensor, may show profound differences in
the light absorption as the wavelength decreases from 900 nm
in the near-infrared range down to 600 nm in the red range
compared to normal subjects.

DISCLOSURE OF THE INVENTION

[0015] According to an aspect of the present disclosure, a
method for non-invasively determining a blood oxygen
parameter value of a subject’s tissue is provided. The method
includes the steps of: a) providing a spectrophotometric sen-
sor that includes a processing portion and a transducer, which
transducer is operable to transmit light at predetermined
wavelengths into the subject’s tissue, and to sense the trans-
mitted light; b) detecting at least a portion of the transmitted
light after passage through the subject’s tissue using the trans-
ducer, and producing initial signal data from the light sensed,
and ¢) using the processing portion to: (i) determine a value
representative of an attenuation of at least one of the prede-
termined wavelengths of light detected using the initial signal
data; (ii) determine whether the representative attenuation
value is outside a predefined range of attenuation values; and
(iii) determine the blood oxygen parameter value using a first
interrogation setting if the representative attenuation value is
outside the predefined range of attenuation values, or using a
second interrogation setting if the representative attenuation
value is within the predefined range of attenuation values.

[0016] According to another aspect of the present disclo-
sure, a method for non-invasively determining a blood oxy-
gen parameter value of a subject’s tissue is provided. The
method includes the steps of: a) providing a spectrophoto-
metric sensor that includes a processing portion and a trans-
ducer, which transducer is operable to transmit light at pre-
determined wavelengths into the subject’s tissue, and to sense
the transmitted light; b) detecting at least a portion of the
transmitted light after passage through the subject’s tissue
using the transducer, and producing initial signal data from
the light sensed; and ¢) using the processing portion to: (i)
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determine a value representative of an attenuation of at least
one of the predetermined wavelengths of light detected using
the initial signal data; (ii) determine a value representative of
a hemoglobin concentration within the tissue; (iii) determine
whether the representative attenuation value is outside a pre-
defined range of attenuation values associated with the deter-
mined hemoglobin concentration; and (iv) determine the
blood oxygen parameter value using a first interrogation set-
ting if the representative attenuation value is outside the pre-
defined range of attenuation values associated with the deter-
mined hemoglobin concentration, or using a second
interrogation setting if the representative attenuation value is
within the predefined range of attenuation values associated
with the determined hemoglobin concentration.

[0017] According to another aspect of the present disclo-
sure, a method for non-invasively determining an oxygen
saturation value of a subject’s tissue is provided. The method
includes the steps of: a) providing a spectrophotometric sen-
sor that includes a processing portion and a transducer, which
transducer is operable to transmit light at predetermined
wavelengths into the subject’s tissue, and to sense the trans-
mitted light; b) detecting at least a portion of the transmitted
light after passage through the subject’s tissue using the trans-
ducer, and producing initial signal data from the light sensed,
and c) using the processing portion to: (i) determine a value
representative of an attenuation of at least one of the prede-
termined wavelengths of light detected using the initial signal
data; (i1) determine a value representative of the oxygen satu-
ration value of the tissue using the initial signal data; (iii)
determine whether the representative attenuation value is out-
side a predetermined range of attenuation values associated
with the determined oxygen saturation value; and (iv) deter-
mine the blood oxygen parameter value using a first interro-
gation setting if the representative attenuation value is outside
the predefined range of attenuation values associated with the
determined oxygen saturation value, or using a second inter-
rogation setting if the representative attenuation value is
within the predefined range of attenuation values associated
with the determined oxygen saturation value.

[0018] According to another aspect of the present inven-
tion, amethod for non-invasively determining a blood oxygen
parameter value of a subject’s tissue is provided. The method
includes the steps of: a) providing a spectrophotometric sen-
sor that includes a processing portion and a transducer, which
transducer is operable to transmit light at predetermined
wavelengths into the subject’s tissue, and to sense the trans-
mitted light; b) detecting at least a portion of the transmitted
light after passage through the subject’s tissue using the trans-
ducer, and producing initial signal data from the light sensed,
and c) using the processing portion to: (i) determine a value
representative of attenuation for each of a plurality of the
predetermined wavelengths of light detected using the initial
signal data; (ii) compare at least one of the representative
attenuation values relative to one or more of the other repre-
sentative attenuation values to determine whether the repre-
sentative attenuation value for any wavelength is dispropor-
tionate to the representative attenuation value of one or more
of the other wavelengths; and (iii) determine the blood oxy-
gen parameter value using a first interrogation setting if the
representative attenuation value of one or more of the wave-
lengths is disproportionate to the representative attenuation
value of another of the predetermined wavelengths.

[0019] According to another aspect of the present disclo-
sure, an apparatus for non-invasively determining a blood
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oxygen parameter value of a subject’s tissue is provided. The
apparatus includes a spectrophotometric sensor that includes
a processing portion and at least one transducer. The trans-
ducer is operable to: a) transmit light at predetermined wave-
lengths into the subject’s tissue; b) detect at least a portion of
the transmitted light after passage through the subject’s tissue
using the transducer; and c) produce initial signal data from
the detected light. The processing portion is adapted to: a)
determine a value representative of an attenuation of at least
one of the predetermined wavelengths of light detected using
the initial signal data; b) to determine whether the represen-
tative attenuation value is greater than a predefined range of
attenuation values; and ¢) determine the blood oxygen param-
eter value using a first interrogation setting if the representa-
tive attenuation value is outside the predefined range of
attenuation values, or using a second interrogation setting if
the representative attenuation value is within the predefined
range of attenuation values.

[0020] These and other objects, features, and advantages of
the present invention method and apparatus will become
apparent in light of the detailed description of the invention
provided below and the accompanying drawings. The meth-
odology and apparatus described below constitute a preferred
embodiment of the underlying invention and do not, there-
fore, constitute all aspects of the invention that will or may
become apparent by one of skill in the art after consideration
of the invention disclosed overall herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 is a graph diagrammatically illustrating tis-
sue and hemoglobin data plotted relative to a Y-axis of values
representative of absorption coefficient values, and an X-axis
of wavelength values.

[0022] FIG. 2 is a graph depicting Biliverdin absorption
spectrum.
[0023] FIG. 3 is a graph illustrating a difference in attenu-

ation versus wavelength, including data attributable to tissue
exhibiting excessive absorption.

[0024] FIG. 4 is a diagrammatic representation of a NIRS
Sensor.
[0025] FIG. 5 is a diagrammatic representation of a NIRS

sensor placed on a subject’s head.

[0026] FIG. 6 is a diagrammatic view of a NIRS sensor.
[0027] FIG. 7 is a graph illustrating a difference in attenu-
ation versus wavelength, including data attributable to tissue
exhibiting excessive absorption.

[0028] FIG. 8 is a flow chart illustrating steps according to
an aspect of the present disclosure.

[0029] FIG.9 is a flow chart illustrating steps according to
an aspect of the present disclosure.

[0030] FIG.101is aflow chart illustrating steps according to
an aspect of the present disclosure.

[0031] FIG.111is aflow chart illustrating steps according to
an aspect of the present disclosure.

DETAILED DESCRIPTION THE INVENTION

[0032] The present method for non-invasively determining
the blood oxygen saturation level within a subject’s tissue is
provided that utilizes a near infrared spectrophotometric
(NIRS) sensing device 8 (sometimes referred to as an “oxime-
ter”) that includes one or more transducers 10 and a process-
ing portion 12. Each transducer 10 is capable of transmitting
light signals into the tissue of a subject and sensing the trans-
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mitted light signals once they have passed through the tissue
via transmittance or reflectance. A variety of NIRS sensing
device types can be adapted according to aspects of the
present disclosure, and aspects of the present disclosure are
not therefore limited to any particular type of NIRS sensing
device.

[0033] Referring to FIGS. 4-6, an example of an acceptable
NIRS sensing device transducer 10 is shown. The transducer
10, which includes a flexible portion that can be attached
directly to a subject’s body, includes one or more light
sources 18 and light detectors 19, 20 mounted within a hous-
ing 14. The light detectors 19, 20, may be described as a
“near” detector 19 and a “far” detector 20, where the terms
“near” and “far” indicate the relative distances from the light
source 18. A disposable adhesive envelope or pad may be
used to mount the housing 14 easily and securely to the
subject’s skin. The light sources 18 may be light emitting
diodes (“LEDs”) that emit light at a narrow spectral band-
width at predetermined wavelengths. The light sources 18 are
not, however, limited to LEDs. A connector cable 26 connects
the housing 14 directly or indirectly to the processor portion
12. The light detectors 19, 20 each include one or more
photodiodes, or other light detecting devices. The photo-
diodes are also operably connected to the processor portion
12 via the connector cable 26. Non-limiting examples of
acceptable NIRS sensors are described in U.S. Patent Publi-
cation No. 2014/0171761 and U.S. Pat. No. 8,428,674, both
of which are commonly assigned to the assignee of the
present application and both of which are hereby incorpo-
rated by reference in their entirety.

[0034] The processing portion 12 includes a processor that
can be used to control the operations described in association
with any of the computer-implemented methods described
herein. The processing portion 12 may further include a
memory and one or both of a storage device and an input/
output device. Each of the components may be intercon-
nected using a system bus. The processor is capable of pro-
cessing instructions stored in the memory or on the storage
device, and to create an information display (e.g., graphical
information). The memory can include volatile memory and/
or non-volatile memory, and may be a computer readable
medium. In general, the storage device can include any non-
transitory tangible media configured to store computer read-
able instructions. In one embodiment, the storage device is a
computer-readable medium. The input/output device pro-
vides input/output operations for the device. In some embodi-
ments, the input/output device may include a keyboard, a
pointing device, a touch screen, or the like. In some embodi-
ments, the input/output device includes a display unit for
displaying graphical user interfaces. The features described
can be implemented in digital electronic circuitry, or in com-
puter hardware, firmware, or in combinations of them. The
features can be implemented in a computer program product
tangibly embodied in an information carrier, e.g., in a
machine-readable storage device, for execution by a pro-
grammable processor; and features can be performed by a
programmable processor executing a program of instructions
to perform functions of the described embodiments by oper-
ating on input data and generating output. The processor is
adapted to control operation of the light sources 18 and pro-
cess light signals provided directly or indirectly from the light
detectors 19, 20 as described herein. A person of skill in the
art will recognize that the processor may assume various
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forms (e.g., digital signal processor, analog device, etc.)
capable of performing the functions described herein.

[0035] Aspects of the present disclosure are operable to
non-invasively determine the blood oxygen parameter values;
e.g., oxygen saturation values, hemoglobin concentration
values, etc. In particular, aspects of the present disclosure are
operable to determine the aforesaid information in subjects
having tissue optical properties associated with excessive
absorption of light at certain wavelengths within the range of
wavelengths typically used in NIRS interrogation (e.g., about
600 nm to about 900 nm). Tissue optical properties associated
with excessive absorption of light are not “normally” found
within the tissue of subjects subjected to NIRS testing under
typical NIRS testing conditions. The term “normal” as used
hereinto describe a subject or a subject’s tissue is used to refer
to the fact that most people have tissue optical properties
within a certain range of values, but a small percentage of
people have one or more tissue optical properties with a value
outside of the aforesaid range of values. For purposes of the
present disclosure, we do not refer to a type of tissue optical
properties (there are many including scattering and absorp-
tive phenomena), but rather refer to the tissue optical proper-
ties collectively in the context of the absorbance of light
traveling within the tissue. The term “normal” as used herein
with respect to a subject or a subject’s tissue has no necessary
relation to the subject’s health. Indeed, a subject having “nor-
mal” tissue optical properties may be healthy or unhealthy,
and conversely a subject having tissue optical properties asso-
ciated with excessive absorption may be healthy orunhealthy.
In short, our experience to date indicates that a substantial
majority of subjects whose tissue was interrogated with light
at wavelengths used for NIRS interrogation have attenuation
values in a predictable range, but a small percentage of sub-
jects whose tissue was interrogated with light at wavelengths
used for NIRS interrogation have attenuation values outside
that predictable range. For purposes of describing the present
disclosure, we refer to tissue interrogated with light at wave-
lengths used for NIRS interrogation that produce attenuation
values outside that predictable range as tissue that “exces-
sively absorbed” or that exhibits “excessive absorption”
regardless of the mechanism for the excessive loss (e.g., dis-
persive or absorptive). Specific absorbance values for the
“predictable range” will vary depending upon the parameters
used to gather the absorbance values, how the absorbance
values are presented (e.g., normalized or not), etc.. and there-
fore the present disclosure is not tied to a particular value
range. As indicated above in the Background Information
section, our experience is that excessively absorbing tissue
may be more often present when certain types of conditions.
The existence of these conditions does not, however, guaran-
tee that excessively absorbing tissue will be present. The
effect of these tissue optical properties (that excessively
absorb certain wavelengths of light) can cause, unless
accounted for, erroneous blood oxygen parameter readings;
i.e.,erroneous oxygen saturation values. The present process-
ing portion 12 is adapted (e.g., by algorithm according to the
present method) to account for these tissue optical properties
and thereby provide accurate blood oxygen parameter values
in those instances.

[0036] The processing portion 12 is adapted to determine
blood oxygen parameter values, including oxygen saturation
values (that may be referred to as “Sn0O,”, “StO,”, “SctO,”,
“CrS0,”, “rSO,”, etc.) and hemoglobin concentration values
(e.g., oxyhemoglobin (HbO2) and/or deoxyhemoglobin
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(Hb)). As indicated above, U.S. Pat. Nos. 6,456,862; 7,072,
701; and 8,396,526 disclose methods for spectrophotometric
blood oxygenation monitoring. The methods of determining
blood oxygen parameters disclosed in U.S. Pat. Nos. 6,456,
862 and 7,072,701 represent acceptable examples of deter-
mining a subject-independent blood oxygen parameter value.
Aspects of the present disclosure may include, but are not
limited to including, those specific methods. The method
disclosed in U.S. Pat. No. 8,396,526 represents an acceptable
example of a method of determining a blood oxygen param-
eter value that accounts for the specific physical characteris-
tics of the particular subject’s tissue being sensed; i.e., a
method that builds upon a subject-independent algorithm
such as those disclosedin U.S. Pat. Nos. 6,456,862 and 7,072,
701 to make it subject-dependent. Aspects of the present
disclosure may include, but are not limited to, the specific
methods described in U.S. Pat. No. 8,396,526. The present
disclosure described herein provides methods and techniques
for modifying such methods for providing accurate determi-
nation of blood oxygen parameters for subjects having tissue
with optical properties that excessively absorb certain wave-
lengths of light.

[0037] Aspects of the present disclosure improve the accu-
racy of measuring tissue oxygen saturation (e.g., cerebral
oximetry or other NIRS type monitors), by compensating for
tissue optical properties that may be independent of skin
pigmentation. As indicated above, disease, injury, medica-
tion, abnormal anatomy, etc., may cause a subject’s tissue
(including bone) to have optical properties that excessively
absorb certain wavelengths of light. These tissue optical prop-
erties can make it difficult or impossible for conventional
NIRS tissue oximeters to produce accurate data.

[0038] FIG. 3 illustrates absorption spectra collected from
sensing forehead tissue of normal control subjects (i.e., sub-
Jjects possessing attenuation values in a predictable range for
the given test/data format parameters) and also absorption
spectra collected sensing forehead tissue of subjects exhibit-
ing excessive absorption of light at certain wavelengths used
in NIRS interrogation. All of the subjects used to produce the
data depicted in FIG. 3 were healthy subjects having assumed
tissue oxygen saturation values that may be considered nor-
mal (e.g., StO2 values in the range of 65-80%—as may be
determined using Equation 1), breathing room air. The StO2
values of the subjects that exhibited excessive absorption
were lower and erroneous, often to the lowest recordable
value of 0%. The subjects having tissue that exhibited exces-
sive absorption did not have any blood component that exhib-
ited different optical properties than the control subjects as
demonstrated by the fact that when the NIRS sensor was
moved onto the subject’s calf muscle, normal and expected
muscle tissue oxygen saturation measurements were
observed. Consequently, the differences in absorption at the
different wavelengths at the forehead interrogation position
are understood to be attributable to tissue optical properties of
the sensed forehead tissue rather than differences in oxygen
saturation values. Many of the subjects that produced data
indicative of excessive absorption reported a prior history of
sinus infections, forehead concussions, sinus cavity surgery,
deviated septum, bruising, etc., all of which factors could
potentially alter the tissue optical properties of the cerebral
and extra-cerebral tissues in the forehead region.

[0039] The data shown in FIG. 3 was collected using a
Fore-Sight® NIRS oximeter (CAS Medical, Branford,
Conn.) with a Fore-Sight® sensor (i.e., transducer) placed on
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the subject’s forehead. The Fore-Sight® sensor used for the
testing has a light source, a near light detector, and a far light
detector. The near light detector is located closer to the light
source than the far detector. The sensor configuration used to
collect the data shown in FIG. 3 had a near detector located
fifteen millimeters (15 mm) from the light source and a far
detector located fifty millimeters (50 mm) away from the light
source. The spacing of this sensor configuration is advanta-
geous because it allows deeper tissue optical absorption char-
acteristics to be examined by subtracting the superficial tissue
interrogated by the near detector from the deep tissue inter-
rogated by the far detector. The present invention is not lim-
ited to this particular sensor configuration, however. During
the sensing, data was collected at four wavelengths (e.g., 690,
780, 810, and 850 nm) or five wavelengths (e.g., 690, 730,
770, 810, and 870 nm) A difference in light signal attenuation
(“AA”—shown along the Y-axis of the graph) was calculated
from the near (N, ) and far (F, ) detectors for each wavelength
on the sensor combined: AA=-Log 10 [(F,,/N;,)/(F;4:0/
N,s10)], whereas the 810 nm wavelength was used as a ref-
erence wavelength to normalize all subject data.

[0040] The dashedline 32 shown in FIG. 3 divides data that
illustrates excessive absorption of light at certain wavelengths
used in the NIRS interrogation (i.e., data points above the
dashed line 32) from data that illustrates normal absorption of
light at the same wavelengths (i.e., data points below the
dashed line 32). The dashed line 32 shown in FIG. 3 also
provides a dividing line for oximeter performance. Specifi-
cally, our experience is that conventional cerebral oximeters
typically have the ability to calculate a tissue oxygen satura-
tion value (StO2) from the data below the line with a reason-
able degree of accuracy; e.g., data from control subjects hav-
ing normal tissue optical properties, without any excessive
absorption of certain wavelengths of light used in NIRS inter-
rogation. Qur experience is also that conventional cerebral
oximeters typically do not have the ability to calculate atissue
oxygen saturation value (StO2) from the data above the
dashed line 32 with a reasonable degree of accuracy, or at all;
e.g., data from control subjects having tissue optical propet-
ties that result in an excessive absorption of certain wave-
lengths of light used in NIRS interrogation.

[0041] According to aspects of the present disclosure, the
processing portion 12 is adapted to examine wavelengths
lower than 810 nm, which is near the hemoglobin isobestic
point where the light absorption of oxyhemoglobin and
deoxyhemoglobin are about the same. The processing portion
12 may be adapted according to several embodiments (de-
scribed below) to use one or more discrete examining wave-
lengths to facilitate identification and differentiation of sub-
ject tissue having optical properties that exhibit excessive
absorption of light from subject tissue having normal/ex-
pected tissue optical properties. F1IG. 7 shows data from a five
wavelength NIRS oximeter system whereas four of the wave-
lengths are 810 nm and lower. The data shown in FIG. 7 was
collected from a Fore-Sight® NIRS sensor placed on the
subject’s forehead. Data collected was from five wavelengths
(690 nm, 730 nm, 770 nm, 810 nm, and 870 nm). The differ-
ence in light signal attenuation (AA—shown along the Y-axis)
was calculated from the near (N, ) and far (F, ) detectors for
each wavelength on the sensor combined: AA=-Log 10[(F,,/
N, Y (Fs810/Nygi10)] whereas the 810 nm wavelength was
used as a reference wavelength to normalize all subject data.

[0042] Inthe following embodiments of the present disclo-
sure, a method for non-invasively determining a blood oxy-
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gen parameter value of a subject’s tissue is provided. In these
embodiments, a spectrophotometric sensor is provided that
that includes the processing portion 12 and at least one trans-
ducer 10. The transducer 101is operable to transmit light (e.g,,
incident light produced by alight source 18) at predetermined
wavelengths into the subject’s tissue. The transducer is fur-
ther operable to detect (e.g., using light detectors 19, 20) at
least a portion of the transmitted light after passage through
the subject’s tissue and to produce initial signal data from the
light sensed. The term “initial signal data” as used herein
refers to electronic signals of a type that enable the intensity
of the light signal sensed by the light detectors to be quantified
for the determination of attenuation of the incident light at the
predetermined wavelengths after that light has passed
through the subject’s tissue. The term “initial signal data”
also is used herein to refer to signal data produced by the
transducer 10 that may be used to determine the presence of
tissue optical properties associated with excessive absorption
of such light. The initial signal data may be produced once
and relied upon throughout a period of time in which the
non-invasive testing is performed continuously on a particu-
lar tissue area. Alternatively, the initial signal data may be
produced periodically throughout a period of time in which
the non-invasive testing is performed continuously on a par-
ticular tissue area; e.g., the period of time in which the non-
invasive testing is performed continuously (i.e., the total
period) may be considered in terms of sub-periods of the total
period, and an initial signal data set produced and used for
each sub-period.

[0043] According to a first embodiment of the present dis-
closure (see flow chart of F1G. 8), the processing portion may
be adapted to: a) determine a value representative of an
attenuation of at least one of the predetermined wavelengths
of light detected using the initial signal data; b) determine
whether the representative attenuation value is outside (e.g,,
greater) a predefined range of attenuation values; and ¢) deter-
mine the blood oxygen parameter value using a first interro-
gation setting if the representative attenuation value is outside
the predefined range of attenuation values, or using a second
interrogation setting if the representative attenuation value is
within the predefined range of attenuation values.

[0044] In this embodiment, the value representative of an
attenuation of at least one of the predetermined wavelengths
of light (i.e., the “representative attenuation value”) detected
using the initial signal data may be determined using a known
intensity of incident light at the predetermined wavelength of
light (i.e., the light entering the tissue) and the sensed inten-
sity of the light sensed at the predetermined wavelength of
light (i.e., the sensed light that has traveled through the sub-
ject’s tissue). As indicated above, a variety of techniques
(typically using a variant of the Beer-Lambert law) can be
used to account for the attenuation at the light at the prede-
termined wavelength. FIGS. 3 and 7, for example, illustrate
attenuation values in terms of “AA” which is an attenuation
value normalized using absorption values detected at the 810
nm wavelength. The present disclosure is not limited to any
particular expression of an attenuation value.

[0045] The term “predefined range of attenuation values”
as used in this embodiment refers to a range of attenuation
values that are associated with “normal” subjects (e.g., rep-
resenting the majority of patient populations). As indicated
above, “normal” subjects are those subjects having tissue
optical properties with a light absorption value that is within
predictable range for the specific test/data format parameters.
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The specific range may be chosen in a variety of different
ways; e.g., the range may be a numerical value range based on
empirical data, or may be chosen from a database of empirical
values, etc. In addition, the term “range” as used herein,
contemplates not only a spread of values between a first value
and a second value, which spread may include the specific
first value and the second value, but also contemplates a
threshold value (e.g., a single value range). If within the
present disclosure, therefore, it is described that a value is
“outside of a predefined range”, then the present disclosure
contemplates that the range may be a threshold value to which
another value may be compared; e.g., a comparison or detet-
mination of whether a particular value is above or below the
threshold value.

[0046] The step of determining a blood oxygen parameter
value recited within this embodiment recites a “first interro-
gation setting” and a “second interrogation setting”. The term
“Interrogation setting” refers to a parameter in the determi-
nation of the blood oxygen parameter value. For example, the
processing portion 12 may be adapted to use a particular set of
wavelengths when determining the blood oxygen parameter
value; e.g., a plurality of wavelengths in the range of 600 nm
to 900 nm. Testing indicates that the certain wavelengths
(e.g., 690 nm, 770 nm, 810 nm, and 870 nm) are particularly
useful for producing accurate attenuation values when nor-
mal subjects are tested. Testing further indicates that attenu-
ation values determined at lower wavelengths (e.g., between
600 nm and 720 nm) for subject tissue having tissue optical
properties associated with excessive absorption are of limited
value (or are unusable) due to excessive light absorption by
the tissue relative to light absorption by hemoglobin. Hence,
the light absorption at these wavelengths is predominated by
the tissue rather than the blood component and as a result the
signal-to-noise ratio compromises the attenuation values. If
the attenuation contribution attributable to the tissue is not
recognized (as is typical using conventional oximeter
devices), erroneous data may be determined. According to
this aspect of the present disclosure, if the representative
attenuation value is outside (e.g., greater than) the predefined
range of attenuation values then a “first interrogation setting”
in the form of a set of wavelengths that does not include a
wavelength(s) compromised by the attenuation attributable to
the tissue is used to determine the blood oxygen parameter
value; e.g., the “first interrogation setting” may be a set of
wavelengths that does not include a wavelength in the range
of 600-720 nm. On the other hand, if the representative
attenuation value is within the predefined range of attenuation
values then a “second interrogation setting” in the form of a
set of wavelengths that includes a wavelength(s) in the range
of 600-720 nm may be used to determine the blood parameter
value, since wavelengths in this range are not compromised
by the tissue optical properties of a normal subject.

[0047] Insome embodiments, the set of wavelengths in the
first interrogation setting may be shifted to higher wavelength
values relative to the set of wavelengths within the second
interrogation setting; e.g., the lowest wavelength of light
within the first interrogation setting may be greater than the
lowest wavelength of light in the second interrogation setting.

[0048] Inan alternative embodiment, the first interrogation
setting may be a value representative of the output of the light
source (e.g., the intensity) within acceptable safety guide-
lines. In this alternative embodiment, if the representative
attenuation value is greater than the predefined range of
attenuation values (possibly by the ratio of incident light
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intensity to detected light intensity) then a “first interrogation
setting” in the form of a first output value may be used. On the
other hand, if the representative attenuation value is within
the predefined range of attenuation values then a “second
interrogation setting” in the form of a second output value,
which second value is less than the first value, may be used.
The greater first interrogation setting (i.e., output) will pro-
duce wavelengths of light at a greater intensity than will be
produced by the lesser second interrogation setting, which
greater intensity values will improve the signal-to-noise ratio
at those wavelengths. There are, however, safety limitations
regarding the level of light source output. The above embodi-
ments are not limited by such safety considerations.

[0049] The above described first and second interrogation
settings represent examples of interrogation settings and the
present disclosure is not limited to these examples. Other
interrogation settings may include calibration values, adjust-
ment factors, etc. Furthermore, a plurality of interrogation
settings can be employed with some combination thereof
(e.g. weighted average or median) used to determine the value
based upon the characteristics of the sensed data.

[0050] According to another embodiment of the present
disclosure (see flow chart of FIG. 9), the processing portion
may be adapted to: a) determine a value representative of an
attenuation of at least one of the predetermined wavelengths
of light detected using the initial signal data; b) determine a
value representative of a hemoglobin concentration within
the tissue; ¢) determine whether the representative attenua-
tion value is greater than a predefined range of attenuation
values associated with the determined hemoglobin concen-
tration; and d) determine the blood oxygen parameter value
using a first interrogation setting if the representative attenu-
ation value is outside (e.g., greater than) the predefined range
of attenuation values associated with the determined hemo-
globin concentration, or using a second interrogation setting
if the representative attenuation value is within the predefined
range of attenuation values associated with the determined
hemoglobin concentration.

[0051] Theterm “hemoglobin concentration” value as used
in this embodiment refers to a determined value of a type of
hemoglobin; e.g., oxyhemoglobin (HbO2), or deoxyhemo-
globin (Hb) value, or both. Methods and techniques for deter-
mining a hemoglobin concentration value are known in the
art; e.g., see U.S. Pat. Nos. 6,456,862; 7,072,701, and 8,396,
526, all of which are identified and incorporated by reference
above. The present disclosure is not limited to these described
methods for determining a hemoglobin concentration value,
and is also not limited to using HbO2 and/or Hb type hemo-
globin values.

[0052] The “predefined range of attenuation associated
with the determined hemoglobin concentration” as recited in
this embodiment refers to a range of attenuation values that
are associated with a particular hemoglobin concentration
value. The range of attenuation values associated with a cho-
sen hemoglobin concentration(s) (e.g., HbO2) may be based
on attenuation values associated with hemoglobin concentra-
tion values (e.g., HbO2) determined within a statistically
acceptable population of “normal” subjects as described
above. The specific range may be chosen in a variety of
different ways; e.g., the range may be a numerical value range
based on empirical data, or may be chosen from a database of
empirical values, etc.

[0053] In a manner similar to that described in the above
embodiment, if the determined attenuation value is outside
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(e.g., greater than) the predefined range of attenuation values
associated with the determined hemoglobin concentration
value, then the first interrogation setting (e.g., a first set of
wavelengths) may be used to determine the blood oxygen
parameter value. On the other hand, if the determined attenu-
ation value is within the predefined range of attenuation val-
ues associated with the determined hemoglobin concentra-
tion value, then the second intetrogation setting (e.g., a
second set of wavelengths) may be used to determine the
blood oxygen parameter value.

[0054] According to another embodiment of the present
disclosure (see flow chart of FIG. 10), the processing portion
12 may be adapted to: a) determine a value representative of
an attenuation of at least one of the predetermined wave-
lengths of light detected using the initial signal data; b) deter-
mine a value representative of the oxygen saturation value of
the tissue using the initial signal data; c) determine whether
the representative attenuation value is greater than a prede-
termined range of attenuation values associated with the
determined oxygen saturation value; and d) determine the
blood oxygen parameter value using a first interrogation set-
ting if the representative attenuation value is outside (e.g.,
greater than) the predefined range of attenuation values asso-
ciated with the determined oxygen saturation value, or using
asecondinterrogation setting if the representative attenuation
value is within the predefined range of attenuation values
associated with the determined oxygen saturation value.
[0055] Regarding the term “oxygen saturation value” as
used in this embodiment, methods and techniques for deter-
mining an oxygen saturation value are known in the art; e.g.,
see U.S, Pat, Nos. 6,456,862, 7,072,701 ; and 8,396,526, all of
whichare identified and incorporated by reference above. The
present disclosure is not limited to these described methods
for determining an oxygen saturation value.

[0056] In a manner similar to that described in the above
embodiment, if the determined attenuation value is greater
than the predefined range of attenuation values associated
with the determined oxygen saturation value, then the first
interrogation setting (e.g., a first set of wavelengths) may be
used to determine the blood oxygen parameter value. On the
other hand, if the determined attenuation value is within the
predefined range of attenuation values associated with the
determined oxygen saturation value, then the second interro-
gation setting (e.g., a second set of wavelengths) may be used
to determine the blood oxygen parameter value.

[0057] According to another embodiment of the present
disclosure (see flow chart of FIG. 11), the processing portion
12 may be adapted to: a) determine a value representative of
an attenuation for each of a plurality of the predetermined
wavelengths of light detected using the initial signal data; b)
compare at least one of the representative attenuation values
relative to one or more of the other representative attenuation
values to determine whether the selected representative
attenuation value is disproportionate to the representative
attenuation value of one or more of the other wavelengths;
and ¢) determine the blood oxygen parameter value using a
first interrogation setting if the representative attenuation
value of one or more of the wavelengths is disproportionate to
the representative attenuation value of another of the prede-
termined wavelengths, or using a second interrogation setting
if the representative attenuation value of one or more of the
wavelengths is not disproportionate to the representative
attenuation value of another of the predetermined wave-
lengths.
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[0058] The phrase “whether the representative attenuation
value for any wavelength is disproportionate to the represen-
tative attenuation value of one or more of the other wave-
lengths™ utilizes the facts that: a) attenuation values at par-
ticular wavelengths are predictable and repeatable for
subjects having “normal” (as that term is defined above)
tissue optical properties; and b) attenuation values at particu-
lar wavelengths for subjects having tissue optical propetties
that create excessive absorption disproportionately attenuate
light at the aforesaid wavelengths. It can be seen from FIG. 3,
for example, that within the attenuation values for normal
subjects (i.e., below the dashed line 32) there is an increase in
the attenuation values for wavelengths less than 730 nm.
However, it can also be seen from FIG. 3, that the attenuation
values for subjects having tissue optical properties that create
excessive absorption (i.e., above the dashed line 32) for wave-
lengths less than 730 nm increase disproportionately relative
to normal subjects; e.g., the slopes of substantially all the
attenuation lines above the dashed line 32 have a greater slope
than the attenuation lines below the dashed line 32. Hence, the
disproportionate attenuation (e.g., as evidenced by line slope)
may be used as an indicator of subject’s having tissue optical
properties associated with excessive absorption.

[0059] Since many changes and variations of the disclosed
embodiment of the invention may be made without departing
from the inventive concept, it is not intended to limit the
invention otherwise than as required by the appended claims.
For example, the present disclosure is described above in
terms of sensing blood oxygenation within cerebral tissue, the
present method and apparatus are not limited to cerebral
applications and can be used to determine tissue blood oxy-
genation saturation within tissue found elsewhere within the
subject’s body.

What is claimed is:

1. A method for non-invasively determining a blood oxy-
gen parameter value of a subject’s tissue, comprising the
steps of:

providing a spectrophotometric sensor that includes a pro-

cessing portion and at least one transducer, which trans-
ducer is operable to transmit light at predetermined
wavelengths into the subject’s tissue, and to sense the
transmitted light;

detecting at least a portion of the transmitted light after

passage through the subject’s tissue using the trans-
ducer, and producing initial signal data from the light
sensed;

using the processing portion to:

determine a value representative of an attenuation of at
least one of the predetermined wavelengths of light
detected using the initial signal data; and

determine whether the representative attenuation value
is outside a predefined range of attenuation values;
and

determine the blood oxygen parameter value using a first
interrogation setting if the representative attenuation
value is outside the predefined range of attenuation
values, or using an alternate interrogation setting if
the representative attenuation value is within the pre-
defined range of attenuation values.

2. The method of claim 1, wherein the step of using the
processing portion to determine the blood oxygen parameter
value includes using the first interrogation setting if the rep-
resentative attenuation value is greater than the predefined
range of attenuation values, or using an alternate interroga-
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tion setting ifthe representative attenuation value is within the
predefined range of attenuation values.

3. The method of claim 1, wherein the first interrogation
setting includes a first predefined range of wavelengths of
light, and the alternate interrogation setting includes another
predefined range of wavelengths of light, and wherein the
alternate predefined range of wavelengths includes a wave-
length of light not present in the first predefined range of
wavelengths.

4. The method of claim 3, wherein the alternate predefined
range of wavelengths of light includes at least one wavelength
of light below the predefined range of wavelengths of light
within the first predefined range of wavelengths of light.

5. The method of claim 4, wherein the alternate predefined
range of wavelengths of light includes at least one wavelength
of light below 720 nm.

6. The method of claim 3 wherein the first predefined range
of wavelengths oflight includes a lowest wavelength of light,
and the alternate predefined range of wavelengths of light
includes a lowest wavelength of light, and the lowest wave-
length of light in the first predefined range is higher than the
lowest wavelength of light in the alternate predefined range.

7. The method of claim 1, wherein the method is performed
over a period of time, and wherein the initial signal data is
produced once during the period of time.

8. The method of claim 1, wherein the method is performed
over a period of time, and wherein the initial signal data is
produced more than once during the period of time.

9. The method of claim 1, wherein the initial signal data is
produced periodically during the period of time.

10. The method of claim 1, wherein the transducer includes
a light source and a plurality of light detectors.

11. A method for non-invasively determining a blood oxy-
gen parameter value of a subject’s tissue, comprising the
steps of:

providing a spectrophotometric sensor that includes a pro-

cessing portion and at least one transducer, which trans-
ducer is operable to transmit light at predetermined
wavelengths into the subject’s tissue, and to sense the
transmitted light;

detecting at least a portion of the transmitted light after

passage through the subject’s tissue using the trans-
ducer, and producing initial signal data from the light
sensed;

using the processing portion to:

determine a value representative of an attenuation of at
least one of the predetermined wavelengths of light
detected using the initial signal data; and

determine a value representative of a hemoglobin con-
centration within the tissue;

determine whether the representative attenuation value
is outside a predefined range of attenuation values
associated with the determined hemoglobin concen-
tration; and

determine the blood oxygen parameter value using a first
interrogation setting if the representative attenuation
value is outside the predefined range of attenuation
values associated with the determined hemoglobin
concentration, or using an alternate interrogation set-
ting if the representative attenuation value is within
the predefined range of attenuation values associated
with the determined hemoglobin concentration.

12. The method of claim 11, wherein the step of determin-
ing a value representative of the hemoglobin concentration
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within the tissue includes determining an oxyhemoglobin
(HbO2) value, or a deoxyhemoglobin (Hb) value, or both.

13. A method for non-invasively determining a blood oxy-
gen parameter value of a subject’s tissue, comprising the
steps of:

providing a spectrophotometric sensor that includes a pro-

cessing portion and at least one transducer, which trans-
ducer is operable to transmit light at predetermined
wavelengths into the subject’s tissue, and to sense the
transmitted light;

detecting at least a portion of the transmitted light after

passage through the subject’s tissue using the trans-
ducer, and producing initial signal data from the light
sensed;

using the processing portion to:

determine a value representative of an attenuation of at
least one of the predetermined wavelengths of light
detected using the initial signal data; and

determine a value representative of the oxygen satura-
tion value of the tissue; and

determine whether the representative attenuation value
is outside a predetermined range of attenuation values
associated with the determined oxygen saturation
value; and

determine the blood oxygen parameter value using a first
interrogation setting if the representative attenuation
value is outside the predefined range of attenuation
values associated with the determined oxygen satura-
tion value, orusing an alternate interrogation setting if
the representative attenuation value is within the pre-
defined range of attenuation values associated with
the determined oxygen saturation value.

14. A method for non-invasively determining a blood oxy-
gen parameter value of a subject’s tissue, comprising the
steps of:

providing a spectrophotometric sensor that includes a pro-

cessing portion and at least one transducer, which trans-
ducer is operable to transmit light at predetermined
wavelengths into the subject’s tissue, and to sense the
transmitted light;

detecting at least a portion of the transmitted light after

passage through the subject’s tissue using the trans-
ducer, and producing initial signal data from the light
sensed; and

using the processing portion to:

determine a value representative of an attenuation for
one or more predetermined wavelengths of light
detected using the initial signal data; and

compare at least one representative attenuation value
relative to one or more of the other representative
attenuation values to determine whether the represen-
tative attenuation value for any wavelength is dispro-
portionate to the representative attenuation value of
one or more of the other wavelengths; and

determine the blood oxygen parameter value using a first
interrogation setting if the representative attenuation
value of one or more of the wavelengths is dispropor-
tionate to the representative attenuation value of
another of the predetermined wavelengths, or using
an alternate interrogation setting if the representative
attenuation value of one or more of the wavelengths is
not disproportionate to the representative attenuation
value of another of the predetermined wavelengths.
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15. An apparatus for non-invasively determining a blood
oxygen parameter value of a subject’s tissue, comprising:

aspectrophotometric sensor that includes a processing por-
tion and at least one transducer, which transducer is
operable to transmit light at predetermined wavelengths
into the subject’s tissue, and is operable to detect at least
a portion of the transmitted light after passage through
the subject’s tissue using the transducer, and to produce
initial signal data from the light sensed;

wherein the processing portion is adapted to determine a
value representative of an attenuvation of at least one of
the predetermined wavelengths of light detected using
the initial signal data, and to determine whether the
representative attenuation value is outside a predefined
range of attenuation values, and to determine the blood
oxygen parameter value using a first interrogation set-
ting if the representative attenuation value is outside the
predefined range of attenuation values, or using an alter-
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nate interrogation setting if the representative attenua-
tion value is within the predefined range of attenuation
values.

16. The apparatus of claim 15, wherein the first interroga-
tion setting includes a first predefined range of wavelengths of
light, and the alternate interrogation setting includes another
predefined range of wavelengths of light, and wherein the
alternate predefined range of wavelengths includes a wave-
length of light not present in the first predefined range of
wavelengths.

17. The apparatus of claim 16, wherein the alternate pre-
defined range of wavelengths of light includes at least one
wavelength of light below the predefined range of wave-
lengths of light within the first predefined range of wave-
lengths of light.

18. The apparatus of claim 17, wherein the alternate pre-
defined range of wavelengths of light includes at least one
wavelength of light below 720 nm.

* #* * #* #®



THMBW(EF)

B (BRI A ()

54 B R (BRI A (F)
[FRIRE A

KB

IPCH %S

CPCo%E=F

f 54

Bt AT
St

BEGF)

RETHATHFRAMBBESAEAANOMESHENEENS
Fo BAEN—NERAISEATLSR : a) RESELEIDS Mk
Wﬁ%%E%@%,b)&ﬁﬁﬂ%ﬁﬁiﬁﬁm§¢—%ﬁﬁ%%#MW
BB K=V RESHRE c ) FRLERS
WEDL—MNRENENERNE; (i) BEARMERTRERETERENLH
BREEEZI, (i) EAE—ARNEAARNRERELNESHE.

patsnap

IR E MBI T

US20150025344A1 AN S]= 2015-01-22
US14/335458 &R 2014-07-18
CASESTREE , INC.

CASEST R4t , INC.

BENNI PAUL

BENNI, PAUL

AB1B5/1455 A61B5/00

A61B5/14551 A61B5/7475 A61B5/742 A61B5/6814 A61B5/14552 A61B5/6833 A61B5/72

61/847855 2013-07-18 US

uS9848808

Espacenet USPTO

12

(i) BEARLNE



https://share-analytics.zhihuiya.com/view/09821248-bef1-4dd7-a8f3-4e6290bafd82
https://worldwide.espacenet.com/patent/search/family/052344110/publication/US2015025344A1?q=US2015025344A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220150025344%22.PGNR.&OS=DN/20150025344&RS=DN/20150025344

