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7) ABSTRACT

An oximeter probe that takes into account tissue color (e.g.,
skin color or melanin content) to improve accuracy when
determining oxygen saturation of tissue. Light is transmitted
from a light source into tissue having melanin (e.g., eumela-
nin or pheomelanin). Light reflected from the tissue is
received by a detector. A compensation factor is determined
to account for absorption due to the melanin. The oximeter
uses this compensation factor and determines a melanin-
corrected oxygen saturation value.
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DETERMINING TISSUE OXYGEN
SATURATION WITH MELANIN
CORRECTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of the following
U.S. patent applications 62/325,919, filed Apr. 21, 2016,
62/326,630, 62/326,644, and 62/326,673, filed Apr. 22,
2016, and 62/363,562, filed Jul. 18, 2016. These applications
are incorporated by reference along with all other references
cited in these applications.

BACKGROUND OF THE INVENTION

[0002] The present invention relates generally to optical
systems that monitor oxygen levels in tissue. More specifi-
cally, the present invention relates to optical probes, such as
oximeters, that include sources and detectors on sensor
heads of the optical probes and that use locally stored
simulated reflectance curves for determining oxygen satu-
ration of tissue.

[0003] Oximeters are medical devices used to measure
oxygen saturation of tissue in humans and living things for
various purposes. For example, oximeters are used for
medical and diagnostic purposes in hospitals and other
medical facilities (e.g., surgery, patient monitoring, or ambu-
lance or other mobile monitoring for, e.g., hypoxia); sports
and athletics purposes at a sports arena (e.g., professional
athlete monitoring); personal or at-home monitoring of
individuals (e.g., general health monitoring, or person train-
ing for a marathon); and veterinary purposes (e.g., animal
monitoring).

[0004] Pulse oximeters and tissue oximeters are two types
of oximeters that operate on different principles. A pulse
oximeter requires a pulse in order to function. A pulse
oximeter typically measures the absorbance of light due to
pulsing arterial blood. In contrast, a tissue oximeter does not
require a pulse in order to function, and can be used to make
oxygen saturation measurements of a tissue flap that has
been disconnected from a blood supply.

[0005] Human tissue, as an example, includes a variety of
light-absorbing molecules. Such chromophores include oxy-
genated hemoglobin, deoxygenated hemoglobin, melanin,
water, lipid, and cytochrome. Oxygenated hemoglobin,
deoxygenated hemoglobin, and melanin are the most domi-
nant chromophores in tissue for much of the visible and
near-infrared spectral range. Light absorption differs signifi-
cantly for oxygenated and deoxygenated hemoglobins at
certain wavelengths of light. Tissue oximeters can measure
oxygen levels in human tissue by exploiting these light-
absorption differences.

[0006] Despite the success of existing oximeters, there is
a continuing desire to improve oximeters by, for example,
improving measurement accuracy; reducing measurement
time; lowering cost; reducing size, weight, or form factor;
reducing power consumption; and for other reasons, and any
combination of these measurements.

[0007] In particular, assessing a patient’s oxygenation
state, at both the regional and local level, is important as it
is an indicator of the state of the patient’s local tissue health.
Thus, oximeters are often used in clinical settings, such as
during surgery and recovery, where it may be suspected that
the patient’s tissue oxygenation state is unstable. For
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example, during surgery, oximeters should be able to
quickly deliver accurate oxygen saturation measurements
under a variety of nonideal conditions. While existing oxi-
meters have been sufficient for post-operative tissue moni-
toring where absolute accuracy is not critical and trending
data alone is sufficient, accuracy is, however, required
during surgery in which spot-checking can be used to
determine whether tissue might remain viable or needs to be
removed.

[0008] Therefore, there is a need for improved tissue
oximeter probes and methods of making measurements
using these probes.

BRIEF SUMMARY OF THE INVENTION

[0009] An oximeter probe that takes into account tissue
color (e.g., skin color or melanin content) to improve
accuracy when determining oxygen saturation of tissue.
Light is transmitted from a light source into tissue having
melanin (e.g., eumelanin or pheomelanin). Light reflected
from the tissue is received by a detector. A compensation
factor is determined to account for absorption due to the
melanin. The oximeter uses this compensation factor and
determines a melanin-corrected oxygen saturation value.
[0010] In an implementation, to calculate oxygen satura-
tion, an oximeter probe utilizes a relatively large number of
simulated reflectance curves to quickly determine the optical
properties of tissue under investigation. The optical proper-
ties of the tissue allow for the further determination of the
oxygenated hemoglobin and deoxygenated hemoglobin con-
centrations of the tissue as well as the oxygen saturation of
the tissue.

[0011] In one implementation, the oximeter probe can
measure oxygen saturation without requiring a pulse or heart
beat. An oximeter probe of the invention is applicable to
many areas of medicine and surgery including plastic sur-
gery. The oximeter probe can make oxygen saturation mea-
surements of tissue where there is no pulse. Such tissue may
have been separated from the body (e.g., a flap) and will be
transplanted to another place in the body. Aspects of the
invention may also be applicable to a pulse oximeter. In
contrast to an oximeter probe, a pulse oximeter requires a
pulse in order to function. A pulse oximeter typically mea-
sures the absorption of light due to the pulsing arterial blood.
[0012] Tissue oximeters can generate skewed oximetry
measurements for tissues having different melanin content.
In an implementation, the oximeter probe can make oxim-
etry measurements of tissue where concentrations from
melanin tend not to effect calculated relative oxygen satu-
ration measurements. The oximeter probe exploits the rela-
tively constant slope of the absorption coeflicients of mela-
nin where the slope tends not to change regardless of
whether melanin content is tissue is relatively high or
relatively low. The oximeter probe uses a mathematical
determinative approach so that the melanin concentration
contributions to the determined relative oxygen saturation
2o to zero. Thereby, actual melanin concentrations do not
need to be determined to further determine relative oxygen
saturation of target tissue.

[0013] In an implementation, a method includes transmit-
ting light from a light source of an oximeter probe into a first
tissue at a first location to be measured, where the first tissue
comprises a first melanin component, and the first melanin
component comprises at least one of eumelanin or
pheomelanin; receiving light at a detector of the oximeter
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probe that is reflected by the first tissue in response to the
transmitted light, where the received light comprises a first
melanin absorption component due to the first melanin
component; determining a melanin compensation compo-
nent for a melanin absorption component due to a melanin
component of tissue, where the melanin absorption compo-
nent comprises the first melanin component and the melanin
component comprises the first melanin component; and
using the melanin compensation component, obtaining a
melanin-corrected oxygen saturation value for the first tis-
sue, where melanin-corrected oxygen saturation value
accounts for the melanin absorption component.

[0014] In an implementation, a method includes providing
an oximeter device comprising a probe tip comprising
source structures and detector structures, where the oximeter
device will measure oxygen saturation of a tissue compris-
ing eumelanin and pheomelanin; providing to the oximeter
device an indication of a skin color of the tissue to be
measured; using the indication of a skin color to calculate
the oxygen saturation of the tissue comprising eumelanin
and pheomelanin to obtain a melanin-corrected oxygen
saturation value; and displaying the melanin-corrected oxy-
gen saturation value on a display.

[0015] In an implementation, a system includes an oxi-
meter device that includes a probe tip that includes source
structures and detector structures on a distal end of the
device and includes a display proximal to the probe tip. The
oximeter device calculates a melanin-corrected oxygen satu-
ration value, and displays the melanin-corrected oxygen
saturation value on the display. The oximeter device is
specially configured to use the probe tip to make a first
measurement and a second measurement to determine the
melanin-corrected oxygen saturation value and receive first
information based on the first measurement of a first tissue
at a first location. The melanin-corrected oxygen saturation
value is unavailable for display after the first measurement
is made and before the second measurement is made. The
oximeter device is specially configured to receive second
information based on the second measurement of a second
tissue at a second location where the second location is
different from the first location; use the first information and
second information to determine the melanin-corrected oxy-
gen saturation value. The melanin-corrected oxygen satura-
tion value takes into account melanin components of the first
tissue and second tissue, and the melanin components com-
prise eumelanin and pheomelanin. And the oximeter device
is configured to display the melanin-corrected oxygen satu-
ration on the display.

[0016] Other objects, features, and advantages of the pres-
ent invention will become apparent upon consideration of
the following detailed description and the accompanying
drawings, in which like reference designations represent like
features throughout the figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 shows an oximeter probe in an implemen-
tation.
[0018] FIG. 2 shows an end view of the probe tip in an

implementation.

[0019] FIG. 3 shows a block diagram of an oximeter probe
in an implementation.

[0020] FIG. 4 shows a flow diagram of a method for
determining optical properties of tissue (e.g., real tissue) by
the oximeter probe in an implementation.

Oct. 26, 2017

[0021] FIG. 5 shows a flow diagram of a method for
determining optical properties of tissue by the oximeter
probe in an implementation.

[0022] FIG. 6 shows a flow diagram of a method for
determining optical properties of tissue by the oximeter
probe in an implementation.

[0023] FIG. 7 shows an example graph of a reflectance
curve, which may be for a specific configuration of source
structures and detector structures, such as the configuration
source structures and detector structures of the probe tip.
[0024] FIG. 8 shows a graph of the absorption coefficient
1, in arbitrary units versus wavelength of light for oxygen-
ated hemoglobins, deoxygenated hemoglobins, melanin, and
water in tissue.

[0025] FIG. 9 shows a table for a database for a homoge-
neous model of tissue of simulated reflectance curves that is
stored in the memory of the oximeter probe in an imple-
mentation.

[0026] FIG. 10 shows a table for a database for a layered
model of tissue of simulated reflectance curves that is stored
in the memory of the oximeter probe in an implementation.
[0027] FIGS. 11A-11B show a table for a database for a
layered model of tissue where each row in the database is for
four simulated reflectance curves for the four wavelengths of
light emitted from the simulated source structures and
detected by the simulated detector structures.

[0028] FIGS. 12A-12B show a flow diagram of a method
for determining the optical properties of tissue (e.g., real
tissue) by the oximeter probe where the oximeter probe uses
reflectance data and the simulated reflectance curves to
determine the optical properties.

[0029] FIG. 13 shows a flow diagram of another method
for determining the optical properties of tissue by the
oximeter probe.

[0030] FIG. 14 shows a flow diagram of a method for
weighting reflectance data generated by select detector
structures.

[0031] FIG. 15 shows a flow diagram of a method for
determining relative tissue parameters for tissue measured
by the oximeter probe where contributions from melanin in
the tissue are removed from the relative tissue parameters.
[0032] FIGS. 16A and 16B show example graphs of
absorption coefficients for the first target tissue and the
second target tissue illuminated by a number of light wave-
lengths, such as the 760 nanometers, 810 nanometers, 845
nanometers, and 895 nanometers. Other wavelengths can be
used by the oximeter probe including more or fewer wave-
lengths of light.

[0033] FIG. 17A shows an example curve of the absorp-
tion coefficients for the second target tissue (e.g., breast
being reconstructed). The example curve has a negative
slope along the entire length of the curve.

[0034] FIG. 17B shows an example curve of the first
derivative of the absorption coefficients with respect to
wavelength for the first target site.

[0035] FIG. 17C shows an example curve of the second
derivative of the absorption coefficients with respect to
wavelength for the first target site.

[0036] FIG. 17D shows an example first curve (e.g., first
spectrum) and an example second curve (e.g., second spec-
trum) of the absorption coeflicients for the first target tissue
(e.g., healthy breast tissue) and the second target tissue (e.g,,
reconstructed breast tissue).
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[0037] FIG. 17E shows a first example plot (e.g., three top
points) of the first derivative of the absorption coefficients
with respect to wavelength for the first target tissue and
shows a second plot (e.g., three bottom points) of the first
derivative of the absorption coefficients with respect to
wavelength for the second target tissue.

[0038] FIG. 17F shows a first example plot (e.g., two
bottom points) of the second derivative of the absorption
coefficients with respect to wavelength for the first target site
and shows a second example plot (e.g., two top points) of the
second derivative of the absorption coefficients with respect
to wavelength for the second target site.

[0039] FIG. 18 shows a vector in “angle” space for the
values of the second derivatives and plotted against each
other.

[0040] FIG. 19 shows the first vector (6, ¢,) and a second
vector 1903 (6, ¢,) in “angle” space.

[0041] FIG. 20 shows one of the delta angles AO and A¢p
in vector space.

[0042] FIG. 21A shows a graph for the absorption coef-
ficients (e.g., spectrum) for the fully oxygenated measure-
ments and a graph 21 for the absorption coeflicients for the
fully deoxygenated measurements.

[0043] FIG. 21B shows a graph for the first derivative of
the fully oxygenated spectrum with respect to wavelength
and a graph for the first derivative with respect to wave-
length of the fully deoxygenated spectrum.

[0044] FIG. 21C shows a graph for the second derivative
with respect to wavelength of the fully oxygenated spectrum
and a graph for the second derivative with respect to
wavelength of the fully deoxygenated spectrum.

[0045] FIG. 22 shows the vector (AO, Ag) in angle space
where AB and A¢ are plotted against each other.

[0046] FIG. 23 shows the baseline corrected vector and
the calculated vector corrected for the phantom corrected by
the scaling factor for the difference in blood volume between
the blood volume for the phantom and patient tissue.
[0047] FIG. 24 shows the shows the vector for patient
tissue projected onto the vector for the phantom.

DETAILED DESCRIPTION OF THE
INVENTION

[0048] FIG. 1 shows an image of an oximeter probe 101
in an implementation. Oximeter probe 101 is configured to
make tissue oximetry measurements, such as intraopera-
tively and postoperatively. Oximeter probe 101 may be a
handheld device that includes a probe unit 105, probe tip 110
(also referred to as a sensor head), which may be positioned
at an end of a sensing arm 111. Oximeter probe 101 is
configured to measure the oxygen saturation of tissue by
emitting light, such as near-infrared light, from probe tip 110
into tissue, and collecting light reflected from the tissue at
the probe tip.

[0049] Oximeter probe 101 includes a display 115 or other
notification device that notifies a user of oxygen saturation
measurements made by the oximeter probe. While probe tip
110 is described as being configured for use with oximeter
probe 101, which is a handheld device, probe tip 110 may be
used with other oximeter probes, such as a modular oximeter
probe where the probe tip is at the end of a cable device that
couples to a base unit. The cable device might be a dispos-
able device that is configured for use with one patient and
the base unit might be a device that is configured for
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repeated use. Such modular oximeter probes are well under-
stood by those of skill in the art and are not described further.
[0050] FIG. 2 shows an end view of probe tip 110 in an
implementation. Probe tip 110 is configured to contact tissue
(e.g., a patient’s skin) for which a tissue oximetry measure-
ment is to be made. Probe tip 110 includes first and second
source structures 120a and 1205 (generally source structures
120) and includes first, second, third, fourth, fifth, sixth,
seventh, and eighth detector structures 125a-125/% (generally
detector structures 125). In alternative implementations, the
oximeter probe includes more or fewer source structures,
includes more or fewer detector structures, or both.

[0051] Each source structure 120 is adapted to emit light
(such as infrared light) and includes one or more light
sources, such as four light sources that generate the emitted
light. Each light source can emit one or more wavelengths
of light. Each light source can include a light emitting diode
(LED), a laser diode, an organic light emitting diode
(OLED), a quantum dot LED (QMLED), or other types of
light sources.

[0052] Each source structure can include one or more
optical fibers that optically link the light sources to a face
127 of the probe tip. In an implementation, each source
structure includes four LEDs and includes a single optical
fiber that optically couples the four LEDs to the face of the
probe tip. In alternative implementations, each source struc-
ture includes more than one optical fiber (e.g., four optical
fibers) that optically couples the LEDs to the face of the
probe tip.

[0053] Each detector structure includes one or more detec-
tors. In an implementation, each detector structure includes
a single detector adapted to detect light emitted from the
source structures and reflected from tissue. The detectors can
be photodetectors, photoresistors, or other types of detec-
tors. The detector structures are positioned with respect to
the source structures such that two or more (e.g., eight)
unique source-to-detector distances are created.

[0054] In an implementation, the shortest source-to-detec-
tor distances are approximately equal. For example, the
shortest source-to-detector distances are approximately
equal between source structure 120a and detector structure
1254 (S1-D4) and between source structure 1205 and detec-
tor structure 125a¢ (S2-D8) are approximately equal. The
next longer source-to-detector distances (e.g., longer than
each of S1-D4 and S2-D8) between source structure 120z
and detector structure 125¢ (S1-D5) and between source
structure 1205 and detector structure 125a (S2-D1) are
approximately equal. The next longer source-to-detector
distances (e.g., longer than each of S1-D5 and S2-D1)
between source structure 120a and detector structure 125¢
(S1-D3) and between source structure 1205 and detector
structure 125¢g (S2-D7) are approximately equal. The next
longer source-to-detector distances (e.g., longer than each of
S1-D3 and S2-D7) between source structure 120a and
detector structure 125/ (S1-D6) and between source struc-
ture 1205 and detector structure 1255 (S2-D2) are approxi-
mately equal. The next longer source-to-detector distances
(e.g., longer than each of S1-D6 and S2-D2) between source
structure 120a and detector structure 125¢ (S1-D2) and
between source structure 1205 and detector structure 125/
(S2-D6) are approximately equal. The next longer source-
to-detector distances (e.g., longer than each of S1-D2 and
S2-D6) between source structure 1204 and detector structure
125¢g (S1-D7) and between source structure 1205 and detec-
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tor structure 125¢ (S2-D3) are approximately equal. The
next longer source-to-detector distances (e.g., longer than
each of S1-D7 and S2-D3) between source structure 120a
and detector structure 125a (S1-D1) and between source
structure 1205 and detector structure 128¢ (S2-DS) are
approximately equal. The next longer source-to-detector
distances (e.g., longest source-to-detector distance, longer
than each of S1-D1 and S2-D3) between source structure
120a and detector structure 1254 (S1-D8) and between
source structure 1205 and detector structure 125d (S2-D4)
are approximately equal. In other implementations, the
source-to-detector distance can all be unique or have fewer
then eight distances that are approximately equal.

[0055] Table 1 below shows the eight unique source-to-
detector distances according to an implementation. The
increase between nearest source-to-detector distances is
approximately 0.4 millimeters.

TABLE 1
Source-to-Detector Distances
Source-to-Detector Pairs Millimeters
(S1-D4) 1.005
(S2-D8) 1.005
(S1-D3) 1.446
(S2-D1) 1.446
(S1-D3) 1.883
(82-D7) 1.883
(S1-D6) 2.317
(S2-D2) 2.317
(S1-82) 2.749
(S1-82) 2,749
(S1-D7) 3.181
(82-D3) 3.181
(51-D1) 3.613
(S2-D3) 3.613
(51-D8) 4.004
(52-D4) 4.004

[0056] In an implementation, detector structures 125a and
125e are symmetrically positioned about a point that is on a
straight line connecting sources 120a and 12056. Detector
structures 1255 and 125/ are symmetrically positioned about
the point. Detector structures 125¢ and 125¢ are symmetri-
cally positioned about the point. Detector structures 1254
and 125/ are symmetrically positioned about the point. The
point can be centered between source structures 120a and
1205 on the connecting line.

[0057] A plot of source-to-detector distance verses reflec-
tance detected by detector structures 125 can provide a
reflectance curve where the data points are well spaced
along the x-axis. These spacings of the distances between
source structures 120a and 1205, and detector structures 125
reduces data redundancy and can lead to the generation of
relatively accurate reflectance curves.

[0058] In an implementation, the source structures and
detector structures can be arranged at various positions on
the probe surface to give the distances desired (such as
indicated above). For example, the two sources form a line,
and there will be equal number of detectors above and below
this line. And the position of a detector (above the line) will
have point symmetry with another detector (below the line)
about a selected point on the line of the two sources. As an
example, the selected point may be the middle between the
two sources, but not necessarily. In other implements, the
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positioning can be arranged based on a shape, such as a
circle, an ellipse, an ovoid, randomly, triangular, rectangular,
square, or other shape.

[0059] The following patent applications describe various
oximeter devices and oximetry operation, and discussion in
the following applications can be combined with aspects of
the invention described in this application, in any combina-
tion. The following patent application are incorporated by
reference along with all references cited in these application
Ser. No. 14/944,139, filed Nov. 17, 2015, Ser. No. 13/887,
130 filed May 3, 2013, Ser. No. 15/163,565, filed May 24,
2016, Ser. No. 13/887,220, filed May 3, 2013, Ser. No.
15/214,355, filed Jul. 19, 2016, Ser. No. 13/887,213, filed
May 3, 2013, Ser. No. 14/977,578, filed Dec. 21, 2015, Ser.
No. 13/887,178, filed Jun. 7, 2013, Ser. No. 15/220,354,
filed Jul. 26, 2016, Ser. No. 13/965,156, filed Aug. 12, 2013,
Ser. No. 15/359,570, filed Nov. 22, 2016, Ser. No. 13/887,
152, filed May 3, 2013, Ser. No. 29/561,749, filed Apr. 16,
2016,61/642,389, 61/642,393, 61/642,395, 61/642,399 filed
May 3, 2012, and 61/682,146, filed Aug. 10, 2012.

[0060] FIG. 3 shows a block diagram of oximeter probe
101 in an implementation. Oximeter probe 101 includes
display 115, a processor 116, a memory 117, a speaker 118,
one or more user-selection devices 119 (e.g., one or more
buttons, switches, touch input device associated with display
115), a set of source structures 120, a set of detector
structures 125, and a power source (e.g., a battery) 127. The
foregoing listed components may be linked together via a
bus 128, which may be the system bus architecture of
oximeter probe 101. Although this figure shows one bus that
connects to each component, the busing is illustrative of any
interconnection scheme serving to link these components or
other components included in oximeter probe 101. For
example, speaker 118 could be connected to a subsystem
through a port or have an internal direct connection to
processor 116. Further, the components described are
housed in a mobile housing (see FIG. 1) of oximeter probe
101 in an implementation.

[0061] Processor 116 may include a microprocessor, a
microcontroller, a multi-core processor, or other processor
type. Memory 117 may include a variety of memories, such
as a volatile memory 117a (e.g., a RAM), a nonvolatile
memory 1175 (e.g., a disk or FLASH). Different implemen-
tations of oximeter probe 101 may include any number of
the listed components, in any combination or configuration,
and may also include other components not shown.

[0062] Power source 127 can be a battery, such as a
disposable battery. Disposable batteries are discarded after
their stored charge is expended. Some disposable battery
chemistry technologies include alkaline, zinc carbon, or
silver oxide. The battery has sufficient stored charged to
allow use of the handheld device for several hours. In an
implementation, the oximeter probe is a disposable.

[0063] In other implementations, the battery is recharge-
able where the battery can be recharged multiple times after
the stored charge is expended. Some rechargeable battery
chemistry technologies include nickel cadmium (NiCd),
nickel metal hydride (NiMH), lithium ion (Li-ion), and zinc
air. The battery can be recharged, for example, via an AC
adapter with cord that connects to the handheld unit. The
circuitry in the handheld unit can include a recharger circuit
(not shown). Batteries with rechargeable battery chemistry
may be sometimes used as disposable batteries, where the
batteries are not recharged but disposed of after use.
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[0064] Tissue Analysis. FIG. 4 shows a flow diagram of a
method for determining optical properties of tissue (e.g., real
tissue) by oximeter probe 101 in an implementation. Oxi-
meters are used to measure tissue with melanin, such as skin.
Melanin affects oxygen saturation measurements because
melanin absorbs light. Skin colors vary widely from person
to person, from very dark skin to very light skin. Depending
on the amount of melanin present, which will vary depend-
ing, for example, on the skin color, the amount of absorption
can have a substantial effect on the measurement, making
the measured value inaccurate.

[0065] Therefore, there is a need for an oximeter that takes
into account a melanin component of the tissue being
measured, so that the measured oxygen saturation value is
accurate regardless of the skin color. The measured oxygen
saturation value which accounts and compensates for the
melanin component of the tissue can be referred to as a
melanin-corrected oxygen saturation value.

[0066] The melanin in skin is eumelanin and pheomelanin
(e.g., two melanin components), which are naturally occur-
ring melanins in various relative percentages. In contrast,
most internal organs and tissue in the human body do not
have melanin. Thus, there is no need to account for melanin
when using an oximeter to make oxygen saturation mea-
surements for such internal tissue. However, the human
brain has neuromelanin, which is not present elsewhere in
the body, especially the skin.

[0067] Inanimplementation, the oximeter determines and
corrects for melanin absorption in skin tissue (and any other
tissue) that have eumelanin and pheomelanin pigments. This
oximeter does not account and correct for neuromelanin or
synthetic melanins since these are not found in the skin. In
other implementations, the oximeter determines and corrects
for melanin absorption due to a variety of melanins, includ-
ing eumelanin, pheomelanin, or neuromelanin or synthetic
melanins, or any combination of these.

[0068] The oximeter probe uses determined melanin con-
tent (e.g., eumelanin content, pheomelanin content, or both
eumelanin and pheomelanin contents) for the tissue to
correct various tissue parameters that are measured by the
oximeter probe. The flow diagram represents one example
implementation. Steps may be added to, removed from, or
combined in the flow diagram without deviating from the
scope of the implementation.

[0069] At 400, a melanin reader optically couples (e.g.,
contacts) to the tissue. Melanin readers are optoelectronic
devices that are adapted for emitting light, step 405, into
tissue, and detecting the light, step 410, after having been
transmitted through the tissue or reflected from the tissue.
The light detected by the melanin reader is converted to
electrical signals, step 415, that are used by the device to
determine melanin content of the tissue, step 420. The
melanin reader can output a value for the melanin content,
step 425, on a display of the reader or via a wired or wireless
output. The value for melanin content represents values for
eumelanin content, pheomelanin content, or both eumelanin
and pheomelanin contents

[0070] In an implementation, at 430, information (e.g., a
numerical value) about the melanin content is entered into
oximeter probe 101. The information can be entered into the
oximeter probe via a user (e.g., a human user) or via a wired
or wireless communication between the melanin reader and
the oximeter probe.
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[0071] In a first implementation, at 435, the oximeter
probe uses the information for the melanin content to adjust
one or more measured values generated by the probe. In an
implementation, the oximeter probe determines a value for
the oxygen saturation of the tissue. The oximeter probe
thereafter adjusts the value for the oxygen saturation using
the information for the melanin content (e.g., information
for eumelanin content, pheomelanin content, or both
eumelanin and pheomelanin contents). The oximeter probe
can adjust the value for the oxygen saturation via one or
more arithmetic operations, mathematical functions, or both.
For example, the information for the melanin content can be
used as an offset (e.g., additive offset), a scale factor, or both
for adjusting the value for the oxygen saturation.

[0072] In an alternative implementation, at 435, the oxi-
meter probe determines the absorption coefficient 1, (mua),
the reduced scattering coefficient ' (mus prime), or both for
the tissue for a number of wavelengths of light (e.g., four
wavelengths of light) emitted and detected by the oximeter
probe. Thereafter, the oximeter probe adjusts the determined
absorption (1,) values for each wavelength of light using the
information about melanin content (e.g., eumelanin content,
pheomelanin content, or both eumelanin and pheomelanin
contents). The oximeter probe can adjust the absorption (u,)
values via one or more arithmetic operations, mathematical
functions, or both. For example, the information for the
melanin content can be used as an offset (e.g., additive
offset), a scale factor, or both for adjusting the absorption
(it,) values. Thereafter, the oximeter probe uses the absorp-
tion (u,) values to determine a value for the oxygen satu-
ration for the tissue. Determination of absorption (j1,) and
reduced scattering () are described below.

[0073] In another implementation, at 435, the oximeter
probe applies one or more melanin correction functions to
reflectance data generated by the detector structures. The
melanin correction functions are based on the information
for the melanin content (e.g., eumelanin content, pheomela-
nin content, or both eumelanin and pheomelanin contents).
The reflectance data can be analog reflectance data gener-
ated by the detector structures prior to being digitized by one
or more electronic components of the oximeter probe or the
reflectance data can be digitized reflectance data. The mela-
nin correction functions can be applied to the analog reflec-
tance data or the digitized reflectance data. The melanin
correction function includes one or more mathematical
operations that are applied to the reflectance data. The scale
factors are determined by the oximeter probe based on
information for the melanin content that is entered into the
oximeter probe. The reflectance data can be adjusted for
melanin content for each wavelength of light emitted by the
oximeter probe.

[0074] In animplementation, the melanin correction func-
tion can be a combined function (e.g., having scale factors)
that is combined with one or more calibration functions
(e.g., having scale factors). The calibration function can
include scale factors for correcting the detector responses
based on a variety of factors, such as differences that occur
as a result of manufacturing, that occur as a result of
temperature drift of the detector structures, or other consid-
erations. After the reflectance data are adjusted by the
oximeter probe, the probe can then determine the oxygen
saturation of blood in the tissue to be measured.

[0075] FIG. 5 shows a flow diagram of a method for
determining optical properties of tissue by oximeter probe
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101 in an implementation. The oximeter probe uses infor-
mation about the melanin content (e.g., information for
eumelanin content, pheomelanin content, or both eumelanin
and pheomelanin contents) for the tissue to correct various
tissue parameters measured by the oximeter probe. The flow
diagram represents one example implementation. Steps may
be added to, removed from, or combined in the flow diagram
without deviating from the scope of the implementation.
[0076] At 500, the color of the tissue is compared to two
or more color samples of a number of color samples (some-
times referred to as color swatches) to determine whether the
color of one of the color samples approximately matches the
color of the tissue. Each color sample used for the color
comparison is associated with a value of melanin content.
Information (e.g., a numerical value) that identifies the
melanin content for the color sample can be located on the
color sample. In an implementation, the colors are the
Pantone® colors of Pantone LLC of Carlstadt, N.J.

[0077] The comparison between the color of the tissue and
the color of the color samples can be performed by a color
comparison tool, such as one or more of the color compari-
son tools of X-Rite, Incorporated of Grand Rapids Michi-
gan. In an implementation, the comparison can be performed
visually by a human, such as the patient or a medical
provider. In an implementation, the oximeter probe is
adapted to determine a value for the melanin content of the
tissue, which can displayed on the display of the probe.
[0078] At 505, subsequent to the comparison, the value for
the melanin content of the tissue is determined based on the
comparison.

[0079] In an alternative implementation, the value for the
melanin content is determined from an estimate of the
content based on a finite range of melanin content values.
The number of values in a range for melanin content can
include two or more values.

[0080] For example, the number of values in a range for
melanin contents can be 2 (e.g., binary levels), such as 1 for
light colored tissue (e.g., first skin level for first level of
melanin content) and 2 for dark tissue (e.g., second skin
level for second level of melanin content), can be 3 (e.g., 1
for light tissue color, 2 for medium color tissue, darker than
1, and 3 for dark color tissue, darker than 1 and 2), or 4, 5,
6, 7, 8,9, 10 or more values for different skin colors. An
estimation of the value for melanin content can be provided
by the patient or a medical provider.

[0081] At 510, the information about the melanin content
can be entered into the oximeter probe. Step 510 can be
skipped in a method where the oximeter probe determines
the value for the melanin content. Button 119 can be
activated a predetermined number of times to place the
oximeter probe into a data entry mode in which the infor-
mation for the melanin content can be entered. The infor-
mation for the melanin content can thereafter be entered into
the probe by further activation of the button, via a wired
communication with the probe, via a wireless communica-
tion with the probe, via the display if the display is a touch
interface display, via an audible interface (e.g., a micro-
phone and voice recognition software in the probe), or by
other input techniques. Alternatively, the button interface
can provide (e.g. via interaction with the processor) on
screen selectable options (or options otherwise provided,
such as lighted LEDs) for melanin content (e.g., 1 and 2 for
light and dark skin, 1, 2, and 3 for light, medium, and dark
colored skin, or more user selectable levels). Where the

Oct. 26, 2017

display is a touch interface display, the user selectable
options for melanin level can be displayed on the display
where a user can touch there selection. In implementation of
the oximeter device the operate with other user input device
(e.g., mouse, external keyboard, or others) the user can
select the user selectable melanin options using one or more
of these devices.

[0082] At 515, the oximeter probe is adapted to use
information about the melanin content to adjust one or more
measurements or calculations performed by the oximeter
probe. For example, the oximeter probe can use the infor-
mation to adjust oxygen saturation value for the tissue,
adjust absorption (1), adjust reduced scattering (u"), adjust
values generated by the detector or detectors, or one or more
of a combination of these adjustments. Each of these adjust-
ments is described further above with respect to step 435.
[0083] FIG. 6 shows a flow diagram of a method for
determining optical properties of tissue by oximeter probe
101 in an implementation. The oximeter probe uses the
determined melanin content of the tissue to correct various
tissue parameters that are measured by the probe. The flow
diagram represents one example implementation. Steps may
be added to, removed from, or combined in the flow diagram
without deviating from the scope of the implementation.
[0084] At 600, one or more contralateral measurements of
the tissue are made with the oximeter probe. The contralat-
eral measurements are made using the oximeter probe on a
portion of tissue (e.g., healthy breast tissue, left breast, left
side of a breast) before a measurement is made using the
oximeter probe on target tissue that is to be measured (e.g.,
breast tissue for which tissue health is to be determined, e.g,,
right breast, right side of a breast where the first target tissue
is the left side of the breast). The contralateral measurements
of the tissue can be made for each wavelength of light
emitted by the oximeter probe.

[0085] At 605, reflectance data generated by the detector
structures are digitized by the electronic elements of the
oximeter probe and are stored in memory. The reflectance
data provide a basis of comparison for subsequent tissue
measurement. For example, the contralateral measurements
provide baseline measurements of the melanin content of the
contralateral tissue where the baseline measurements can be
used by the processor to correct for various measurements
made the oximeter probe.

[0086] At 610, oximetry measurements of the target tissue
to be measured are made by the oximeter probe.

[0087] At 615, in an implementation, the processor gen-
erates oxygen saturation values for target tissue using the
oximetry measurements. Thereafter, the processor retrieves
the stored reflectance data stored at 605 for the contralateral
tissue and uses the retrieved values to adjust the oxygen
saturation values. That is, the processor uses the baseline
measurement for melanin content for the healthy contralat-
eral tissues tissue to adjust the oxygen saturation values of
the target tissue.

[0088] At 615, in an alternative implementation, the pro-
cessor determines absorption i, reduced scattering coefi-
cient or both from the oximetry measurements of the target
tissue. Thereafter, the processor retrieves the reflectance data
stored at 605 for the contralateral tissue and uses the
retrieved values to adjust i, 1., or both. The processor then
uses the adjusted ., value to calculate values for oxygenated
hemoglobin, deoxygenated hemoglobin, or other values for
the target tissue. That is, the processor uses the baseline
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measurement for melanin content of the healthy contralat-
eral tissue to adjust pu, for the target tissue.

[0089] At 615, in an another alternative implementation,
the processor retrieves the stored reflectance data stored at
605 for the contralateral tissue and uses the retrieved values
to adjust the reflectance data generated by the detector
structures for the target tissue. The adjustments applied by
the processor to the reflectance data can be simple offsets
(e.g., addition offsets), scale factors (e.g., multiplication
offsets), functional corrections, other corrections, or any one
or these adjustments in any combination. That is, the pro-
cessor adjusts the values generated by the detector structures
using the baseline measurement for melanin content for the
healthy tissue to adjust the reflectance data for the target
tissue.

[0090] Stored Simulated Reflectance Curves. According
to an implementation, memory 117 stores a number of
Monte-Carlo-simulated reflectance curves 315 (“simulated
reflectance curves”), which may be generated by a computer
for subsequent storage in the memory. Each of the simulated
reflectance curves 315 represents a simulation of light (e.g.,
near infrared light) emitted from one or more simulated
source structures into simulated tissue and reflected from the
simulated tissue into one or more simulated detector struc-
tures. Simulated reflectance curves 315 are for a specific
configuration of simulated source structures and simulated
detector structures, such as the configuration of source
structures 120a-12056 and detector structures 125a-125k of
probe tip 110 having the source-to-detector spacing
described above with respect to FIG. 2.

[0091] Therefore, simulated reflectance curves 315 model
light emitted from the source structures and collected by the
detector structures of oximeter probe 101. Further, each of
the simulated reflectance curves 315 represents a unique real
tissue condition, such as specific tissue absorption and tissue
scattering values that relate to particular concentrations of
tissue chromophores and particular concentrations of tissue
scatterers. For example, the simulated reflectance curves can
be generated for simulated tissue having various melanin
contents, various oxygenated hemoglobin concentrations,
various deoxygenated hemoglobin concentrations, various
concentrations of water, a static value for the concentrations
of water, various concentration of fat, a static value for the
concentration of fat, or various absorption (i) and reduced
scattering (1) values.

[0092] The number of simulated reflectance curves stored
in memory 117 may be relatively large and can represent
nearly all, if not all, practical combinations of optical
properties and tissue properties that may be present in real
tissue that is analyzed for viability by oximeter probe 101.
While memory 117 is described as storing Monte-Carlo-
simulated reflectance curves, memory 117 may store simu-
lated reflectance curves generated by methods other than
Monte-Carlo methods, such as using a diffusion approxima-
tion.

[0093] FIG. 7 shows an example graph of a reflectance
curve, which may be for a specific configuration of source
structures 120 and detector structures 125, such as the
configuration source structures and detector structures of
probe tip 110. The horizontal axis of the graph represents the
distances between source structures 120 and detector struc-
tures 125 (i.e., source-to-detector distances). If the distances
between source structures 120 and detector structures 125
are appropriately chosen, and the simulated reflectance
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curve is a simulation for source structures 120 and detector
structures 125, then the lateral spacings between the data
points in the simulated reflectance curve will be relatively
uniform. Such uniform spacings can be seen in the simulated
reflectance curve in FIG. 7. The vertical axis of the graph
represents the simulated reflectance of light that reflects
from tissue and is detected by detector structures 125. As
shown by the simulated reflectance curve, the reflected light
that reaches detector structures 125 varies with the distance
between source structures and detectors structures, with the
reflected light detected at smaller source-to-detectors dis-
tances greater than the reflected light detected a larger
source-to-detector distances.

[0094] FIG. 8 shows a graph of the absorption coefficient
L, versus wavelength of light for some significant tissue
chromophores: blood containing oxygenated hemoglobin,
blood containing deoxygenated hemoglobin, melanin, and
water. In an implementation, the Monte-Carlo simulations
used for generating the simulated reflectance curve are
functions of one or more select chromophores that may be
present in tissue. The chromophores can include melanin,
oxygenated hemoglobin, deoxygenated hemoglobin, water,
lipid, cytochrome, or other chromophores, in any combina-
tion. Oxygenated hemoglobins, deoxygenated hemoglobins,
and melanin are the most dominant chromophores in tissue
for much of the visible and near-infrared spectral range.
[0095] In an implementation, memory 117 stores a select
number of data points for each of the simulated reflectance
curves 315 and might not store the entirety of the simulated
reflectance curves. The number of data points stored for each
of the simulated reflectance curves 315 may match the
number of source-detector pairs. For example, if probe tip
110 includes two source structures 1204-1205 and includes
eight detector structures 125q-1254, then oximeter probe
101 includes sixteen source-detector pairs, and memory 117
may thus store sixteen select data points for each of the
simulated reflectance curves for each wavelength of light
emitted by source structure 120a or source structure 1205. In
an implementation, the stored data points are for the specific
source-to-detectors distances of probe tip 110, such as those
shown in Table 1.

[0096] Thus, the simulated reflectance curve database
stored in memory 117 might be sized 16x5850 where sixteen
points are stored per curve that may be generated and
emitted by each source structure 120 and measured by each
detector structure 125, where there are a total of 5850 curves
spanning the optical property ranges. Alternatively, the
simulated reflectance curve database stored in memory 117
might be sized 16x4x5850 where sixteen points are stored
per curve for four different wavelengths that may be gen-
erated and emitted by each source structure and where there
are a total of 5850 curves spanning the optical property
ranges. The 5850 curves originate, for example, from a
matrix of 39 scattering coeflicients p' values and 150
absorption coeflicient 1, values. In other implementations,
more or fewer simulated reflectance curves are stored in the
memory. For example, the number of simulated reflectance
curves stored in memory can range from about 5000 curves,
to about 250,000 curves, to about 400,000 curves, or more.
[0097] The reduced scattering coefficient p ' values might
range from 5:5:24 per centimeter. The ., values might range
from 0.01:0.01:1.5 per centimeter. It will be understood that
the foregoing described ranges are example ranges and the
number source-detectors pairs, the number of wavelengths
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generated and emitted by each source structure, and the
number of simulated reflectance curves may be smaller or
larger.

[0098] FIG. 9 shows a database 900 of simulated reflec-
tance curves 315 that is stored in the memory of the oximeter
probe in an implementation. The database is for a homoge-
neous model of tissue. Each row in the database represents
one simulated reflectance curve generated from a Monte-
Carlo simulation for simulated light emitted into simulated
tissue from two simulated source structures (e.g., source
structures 1204-1205) and detected by eight simulated
detector structures (e.g., detector structures 125a-125%) sub-
sequent to reflection from the simulated tissue. The Monte-
Carlo simulations used for generating the simulated reflec-
tance curves for the databases are for a homogeneous tissue
model. The simulated tissue for the homogeneous tissue
model has homogeneous optical properties from the tissue
surface through the epidermis, the dermis, and the subcuta-
neous tissue. That is, the optical properties of the epidermis,
dermis, and subcutatancous are the same for the Monte-
Carlo simulations. In the database, each of the simulated
reflectance curves is associated with a value for absorption
(u,) and a value for reduced scattering (1."). Each of the
simulated reflectance curves in the database can be associ-
ated with values for other chromophores.

[0099] The database of simulated reflectance curves can
include actual values (e.g., floating point values) for simu-
lated reflectances or can include indexed values (e.g., binary
values) for the actual values for the simulated reflectances.
As shown in FIG. 9, the database includes indexed values
(e.g., binary values) for the actual values for the simulated
reflectances. The database can include binary words of a
variety of lengths dependent, for example, on the accuracy
of the entries. The binary words can be 2 bits long, 4 bits
long, 8 bits long, 16 bits long, 32 bits long, or other lengths.
[0100] In an implementation, one or more mathematical
transforms are applied to the simulated reflectance curves
prior to entry of the values for the curves into the database.
The mathematical transforms can improve the fit of the
reflectance data generated by the detector structures to the
simulated reflectance curves. For example, a log function
can be applied to the simulated reflectance curves to
improve the fit of the measured data generated by the
detector structures to the simulated reflectance curves.
[0101] When an oximetry measurement is made, the
reflectance data for each wavelength of emitted light is
detected by the detector structures and fitted to the simulated
reflectance curves of database 900 individually. For the
reflectance data for each wavelength of emitted light fitted to
the simulated reflectance curves, the oximeter probe deter-
mines absorption ., reduced scattering p' or both of these
values. For example, a first set of reflectance data for a first
wavelength of light is fitted to the simulated reflectance
curves to determine one or more of absorption p,, and
reduced scattering ' (e.g., a first set of tissue parameters).
Fitting the reflectance data to the simulated reflectance
curves 1s described further below.

[0102] Thereafter, a second set of reflectance data for a
second wavelength of light is fitted to the simulated reflec-
tance curves in database 900 to determine one or more of
absorption p, and reduced scattering ' (e.g., a second set
of tissue parameters) for the second wavelength. Thereafter,
a third set of reflectance data for a third wavelength of light
is fitted to the simulated reflectance curves in database 900
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to determine one or more of absorption p,, and reduced
scattering (L' (e.g., a third set of tissue parameters). There-
after, a fourth set of reflectance data for a fourth wavelength
of light is fitted to the simulated reflectance curves in
database 900 to determine one or more of absorption p,, and
reduced scattering ' (e.g., a fourth set of tissue parameters)
for the fourth wavelength.

[0103] The four sets of tissue parameters can then be used
by the oximeter probe together to determine various values
for the tissue, such as oxygenated hemoglobin concentra-
tion, deoxygenated hemoglobin concentration, melanin con-
tent, or other parameters.

[0104] FIG. 10 shows a database 1000 of simulated reflec-
tance curves that is stored in the memory of the oximeter
probe in an implementation. The database is for a layered
model of tissue (e.g. layered skin). The Monte-Carlo simu-
lations that generated the simulated reflectance curves use
the layered tissue model for the simulations. The layered
tissue can include two or more layers. In an implementation,
the layered tissue includes two layers of tissue. The two
layers of tissue have different optical properties, such as
different absorption p,, reduced scattering ', or both of
these properties.

[0105] In one implementation, a first simulated tissue
layer is for the epidermis and a second simulated tissue layer
is for the dermis. The thickness of the epidermis used in the
Monte-Carlo simulations can range from about 40 microns
to about 140 microns. For example, the thickness for the
epidermis can be 40 microns, 50 microns, 60 microns, 70
microns, 80 microns, 90 microns, 100 microns, 110 microns,
120 microns, 130 microns, 140 microns, or other thickness.
The thickness of the dermis used in the Monte-Carlo simu-
lations can range from less than 1 millimeter to an effec-
tively infinite thickness, such as 12 millimeters or greater.

[0106] One or more optical properties of the epidermis can
be varied when the simulated reflectance curves are gener-
ated for the dermis. For example, melanin content can be
varied for the epidermis when the simulation reflectance
curves are generated for the dermis. Alternatively, u, can be
varied for the epidermis when the simulation reflectance
curves are generated for the dermis.

[0107] In an implementation, database 1000 includes the
simulated reflectance curves for the light that is reflected by
the combination of the epidermis and the dermis.

[0108] The reflectance data for each wavelength of light
emitted by the source structures and detected by the detector
structures for real tissue measured by the oximeter probe is
fit to the simulated reflectance curves one at a time by the
processor. Based on the fit to one or more the simulated
reflectance curves in the database, the oximeter probe deter-
mines one or both of the absorption p, and reduced scatter-
ing 1 for the real tissue for one or both layers. From the
absorption (i) values determined for one layer, the oxime-
ter probe determines the oxygenated and deoxygenated
hemoglobin concentrations for the tissue.

[0109] FIGS. 11A-11B show a database 1110 of simulated
reflectance curves stored in the memory of the oximeter
probe in an implementation. The database is for a layered
model] of tissue. Each row in the database includes simulated
reflectance curves for each of four wavelengths of light
emitted from the simulated source structures and detected by
simulated detector structures. Each row of four simulated
reflectance curves includes 16 values for each simulated
reflectance curve. More specifically, each row includes 16
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values for the 16 source-to-detector distances for source
structures 120a-1205 and detector structures 125a-1254. In
total, each row includes 64 values for the four simulated
reflectance curves for four wavelengths of light emitted from
the two simulated source structures and detected by the eight
simulated detector structures.

[0110] The layered model of tissue for database 1110 can
include more or fewer simulated reflectance curves per row
if more or fewer wavelengths are emitted from the source
structures. Database 1110 can include more or fewer then 16
values for each of simulated reflectance curves if, for
example, one or more than two source structure is included
in the probe tip, more or fewer detector structures are
included in the probe tip, or both.

[0111] Each of the four simulated reflectance curves for
each row of database 1110 is associated with four tissue
parameters, including melanin content, blood volume, scat-
tering, and oxygen saturation (the fraction of oxygenated
hemoglobin relative to total hemoglobin for tissue). More of
fewer tissue parameters can be included in database 1110.
[0112] When a set of detector values that are generated by
detector structures 125a-125% for tissue to be measured by
the oximeter probe are fit by the processor to one or more of
the rows, the oximeter probe thereby determines, in any
combination, one or more of the tissue parameters such as
melanin content, blood volume, scattering, and oxygen
saturation. In an implementation, the oximeter probe is
adapted to determine the oxygen saturation for the tissue and
display a value for the oxygen saturation on the display.
[0113] As described briefly above, database 1110 includes
simulated reflectance curves 315 for a layered tissue model.
The layers of the simulated tissue can include the epidermis,
the dermis, subcutaneous tissue, or any combination of one
or more of these layers. The layers can include greater
resolution of skin morphology such as the reticular dermis
and superficial plexus. The Monte-Carlo simulations that
generate the simulated reflectance curve can simulate the
tissue for various chromophores included in the tissue
layers. For example, the Monte-Carlo simulations can use a
tissue model for the epidermis having various melanin
contents, but might not use a tissue model for epidermis that
includes blood. The Monte-Carlo simulations can use a
tissue model for the dermis layer having various blood
volumes and various oxygen saturations. In an implemen-
tation, the Monte-Carlo simulations do not use a tissue
model for dermis that includes melanin. Similarly, the
Monte-Carlo simulations can use a tissue model of adipose
tissue having various blood volumes and various oxygen
saturations. In an implementation, the Monte-Carlo simula-
tions do not use a tissue model for adipose tissue that has
melanin. The tissue models for the tissue layers can include
concentrations for other tissue chromophores, such as water
and fat where the concentrations for these chromophores are
relatively typical physiological values.

[0114] In an implementation, the various chromophore
concentrations that the Monte-Carlo simulations use for
generating the simulated reflectance curves span a relatively
large and relatively accurate range of actual physiological
values present in real tissue. The number of values included
in the ranges of actual physiological values can by varied to
balance various parameters of tissue oximeter measure-
ments. For example, the number of values used for the range
of concentrations of the chromophores in simulated tissue
can be relatively high or low and affect the accuracy of
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measurements made by the oximeter probe. In an imple-
mentation, 355 values are used in the Monte-Carlo simula-
tions for the range of melanin content for light absorption in
simulated epidermal tissue. In an implementation, 86 values
are used in the Monte-Carlo simulations for the range of
melanin content for light absorption in simulated dermal
tissue. For scattering in both simulated epidermal tissue and
simulated dermal tissue, 65 values are used in the Monte-
Carlo simulations. In other implementations, the number of
these values is different.

[0115] Tissue Analysis. FIGS. 12A-12B show a flow dia-
gram of a method for determining the optical properties of
tissue (e.g., skin) by oximeter probe 101 where the oximeter
probe uses reflectance data and simulated reflectance curves
315 to determine the optical properties. The optical proper-
ties may include the absorption coefficient p, and the
reduced scattering coefficient ' of the tissue. A further
method for conversion of the absorption coeflicient i, of the
tissue to oxygen saturation values for tissue is described in
further detail below. The flow diagram represents one
example implementation. Steps may be added to, removed
from, or combined in the flow diagram without deviating
from the scope of the implementation.

[0116] At 1200, oximeter probe 101 emits light (e.g., near
infrared light) from one of the source structures 120, such as
source structure 120q into tissue. The oximeter probe is
generally in contact with the tissue when the light is emitted
from the source structure. After the emitted light reflects
from the tissue, detector structures 125 detect a portion this
light, step 1205, and generate reflectance data points for the
tissue, step 1210. Steps 1200, 1205, and 1210 may be
repeated for multiple wavelengths of light (e.g., red, near
infrared light, or both) and for one or more other source
structures, such as source structure 1205. The reflectance
data points for a single wavelength might include sixteen
reflectance data points if, for example, tissue oximeter probe
115 has sixteen source-to-detector distances. The reflectance
data points are sometimes referred to as an N-vector of the
reflectance data points.

[0117] At 1215, the reflectance data points (e.g., raw
reflectance data points) are corrected for gain of the source-
detector pairs. During calibration of the source-detector
pairs, gain corrections are generated for the source-detector
pairs and are stored in memory 117. Generation of the gain
corrections is described in further detail below.

[0118] At 1220, processor 116 fits (e.g., via a sum of
squares error calculation) the reflectance data points to the
simulated reflectance curves 315 to determine the particular
reflectance data curve that best fits (i.e., has the lowest fit
error) the reflectance data points. The database stored in the
memory and fit to the reflectance data can be database 900,
database 1000, or database 1100. In a specific implementa-
tion, a relatively small set of simulated reflectance curves
that are a “coarse” grid of the database of the simulated
reflectance curves is selected and utilized for fitting step
1220. For example, for database 900 given 39 scattering
coeflicient p' values and 150 absorption coefficient p,
values, a coarse grid of simulated reflectance curves might
be determined by processor 116 by taking every 5th scat-
tering coeflicient 1" value and every 8th absorption coefli-
cients 1, for a total of 40 simulated reflectance curves in the
coarse grid. It will be understood that the foregoing specific
values are for an example implementation and that coarse
grids of other sizes might be utilized by processor 116. The
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result of fitting the reflectance data points to the coarse grid
is a coordinate in the coarse grid (1L, 1L oarse OF the best
fitting simulated reflectance curve. For database 1000, the
coarse grid will cover absorption in each layer and reduced
scattering. Each of the following steps for the method for
database 1000 will be adjusted for p, of each layer and .
For database 1100, the course grid will cover melanin
content, oxygen saturation, blood volume, and scattering.
Each of the following steps for the method for database 1100
will be adjusted for melanin content, oxygen saturation,
blood volume, and scattering instead of i and p'.

[0119] At 1225, the particular simulated reflectance curve
from the coarse grid having the lowest fit error is utilized by
processor 116 to define a “fine” grid of simulated reflectance
curves where the simulated reflectance curves in the fine
grid are around the simulated reflectance curve from the
coarse grid having the lowest fit error.

[0120] That is, the fine grid is a defined size, with the
lowest error simulated reflectance curve from the coarse grid
defining the center of the fine grid. The fine grid may have
the same number of simulated reflectance curves as the
coarse grid or it may have more or fewer simulated reflec-
tance curves. The fine grid has a fineness so as to provide a
sufficient number of points to determine a peak surface array
of nearby absorption coeflicient p, values and scattering
coeflicient u ' values, step 1230, in the fine grid. Specifically,
a threshold may be set by processor 116 utilizing the lowest
error value from the coarse grid plus a specified offset. The
positions of the scattering coefficient ' and the absorption
coeflicient p, on the fine grid that have errors below the
threshold may all be identified for use in determining the
peak surface array for further determining the scattering
coefficient ' and the absorption coefficient p, for the
reflectance data. Specifically, an error fit is made for the peak
to determine the absorption coefficient 1, and the scattering
coeflicient 1| values at the peak. A weighted average (e.g.,
a centroid calculation) of the absorption coefficient 1, and
the scattering coefficient | values at the peak may be
utilized by the oximeter probe for the determination of the
absorption coeflicient 1, and the scattering coefficient '
values for the reflectance data points for the tissue, step
1240.

[0121] Weights for the absorption coefficient p, and the
scattering coeflicient |1 values for the weighted average
may be determined by processor 116 as the threshold minus
the fine grid error. Because points on the fine grid are
selected with errors below the threshold, this gives positive
weights. The weighted calculation of the weighted average
(e.g., centroid calculation) renders the predicted scattering
coeflicient ;" and absorption coefficient p, (i-e., (1) 5e)
for the reflectance data points for the tissue. Other methods
may be utilized by the oximeter probe, such as fitting with
one or more of a variety of non-linear least squares to
determine the true minimum error peak for the absorption
coeflicient 1.

[0122] In an implementation, processor 116 calculates the
log of the reflectance data points and the simulated reflec-
tance curves, and divides each log by the square root of the
source-to-detector distances (e.g., in centimeters). These log
values divided by the square root of the of the source-to-
detector distances may be utilized by processor 116 for the
reflectance data points and the simulated reflectance curves
in the foregoing described steps (e.g., steps 1215, 1220,
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1225, and 1230) to improve the fit of the reflectance data
points to the simulated reflectance curves.

[0123] According to another implementation, the offset is
set essentially to zero, which effectively gives an offset of
the difference between the coarse grid minimum and the fine
grid minimum. The method described above with respect to
FIGS. 12A-12B relies on minimum fit error from the coarse
grid, so the true mininum error on the fine grid is typically
lower. Ideally, the threshold is determined from the lowest
error on the fine grid, which would typically require addi-
tional computation by the processor.

[0124] The following is a further detailed description for
finding the particular simulated reflectance curve that best
fits the reflectance data points in the fine grid in an imple-
mentation. FIG. 12B shows a flow diagram of a method for
finding the particular simulated reflectance curve that best
fits the reflectance data points in the fine grid in an imple-
mentation. The flow diagram represents one example imple-
mentation. Steps may be added to, removed from, or com-
bined in the flow diagram without deviating from the scope
of the implementation.

[0125] Subsequent to determining the particular simulated
reflectance curve (W ,1L.) .. from the coarse grid that best
fits the reflectance data points at step 1225, processor 116
computes an error surface in a region about ([,,[L.")ourse 10
the full simulated reflectance curve database (i.e., 16x5850
(1) database) of simulated reflectance curves, step 1250.
The error surface is denoted as: err(u,.."). Thereafter,
processor 116 locates the minimum error value in err(fL,,L."),
which 1s referred to as err,,;,, step 1255. Processor 116 then
generates a peak surface array from err(u,u') that is
denoted by pksurf(u,.uY=k+err,,,,—err(u,,u.') if the peak
surface is greater than zero, or pksurf(p . "=k+err,, —err
(1,510 if the peak surface is less than or equal to zero,
step 1260. In the expression k is chosen from a peak at the
minimum point of err(u,,u.) with a width above zero of
approximately ten elements. The center-of-mass (i.e., the
centroid calculation) of the peak in pksurf (u,,u.") uses the
heights of the points as weights, step 1265. The position of
the center-of-mass is the interpolated result for the absorp-
tion coeflicient n, and the scattering coefficient . for the
reflectance data points for the tissue

[0126] The method described above with respect to FIGS.
12A and 12B for determining the absorption coeflicient 1,
and the scattering coeflicient p.' for reflectance data points
for tissue may be repeated for each of the wavelengths (e.g,,
3 or 4 wavelengths) generated by each of source structures
120.

[0127] Oxygen Saturation Determination. According to a
first implementation, processor 116 determines the oxygen
saturation for tissue that is probed by oximeter probe 101 by
utilizing the absorption coefficients u, (e.g., 3 or 4 absorp-
tion coeflicients p,) that are determined (as described above)
for the 3 or 4 wavelengths of light that are generated by each
source structure 120. According to a first implementation, a
look-up table of oxygen saturation values is generated for
finding the best fit of the absorption coefficients ., to the
oxygen saturation. The look-up table may be generated by
assuming a range of likely total hemoglobin, melanin, and
oxygen saturation values and calculating p, for each of these
scenarios. Then, the absorption coefficient ., points are
converted to a unit vector by dividing by a norm of the unit
vector to reduce systematic error and only depend on



US 2017/0303861 A1l

relative shape of curve. Then the unit vector is compared to
the look-up table to find the best fit, which gives the oxygen
saturation.

[0128] According to a second implementation, processor
116 determines the oxygen saturation for the tissue by
calculating the net analyte signal (NAS) of deoxygenated
hemoglobin and oxygenated hemoglobin. The NAS is
defined as the portion of the spectrum that is orthogonal to
the other spectral components in the system. For example,
the NAS of deoxygenated hemoglobin in a system that also
contains oxygenated hemoglobin and deoxygenated hemo-
globin is the portion of the spectrum that is orthogonal to the
oxygenated hemoglobin spectrum and the melanin spec-
trum. The concentrations of deoxygenated and oxygenated
hemoglobin can be calculated by vector multiplying the
respective NAS by the previously determined absorption
coefficients at each wavelength. Oxygen saturation is then
readily calculated as the concentration of oxygenated hemo-
globin divided by the sum of oxygenated hemoglobin and
deoxygenated hemoglobin. Anal. Chem. 58:1167-1172
(1986) by Lorber is incorporated by reference and provides
a framework for a further detailed understanding of the
second implementation for determining the oxygen satura-
tion for the tissue.

[0129] In an implementation of oximeter probe 101, the
reflectance data is generated by detector structures 125 at 30
Hertz, and oxygen saturation values are calculated at
approximately 3 Hertz. A running average of determined
oxygen saturation values (e.g., at least three oxygen satura-
tion values) may be displayed on display 115, which might
have an update rate of 1 Hertz.

[0130] Optical Properties. As described briefly above,
each simulated reflectance curve 315 that is stored in
memory 117 represents unique optical properties of tissue.
More specifically, the unique shapes of the simulated reflec-
tance curves, for a given wavelength, represent unique
values of the optical properties of tissue, namely the scat-
tering coeflicient (i), the absorption coeflicient (u,), the
anisotropy of the tissue (g), and index of refraction of the
tissue from which the tissue properties may be determined.
[0131] The reflectance detected by detector structures 125
for relatively small source-to-detector distances is primarily
dependent on the reduced scattering coefficient, p . The
reduced scattering coefficient is a “lumped” property that
incorporates the scattering coefficient 11 and the anisotropy
g of the tissue where p'=p (1-g), and is used to describe the
diffusion of photons in a random walk of many steps of size
of 1/u, where each step involves isotropic scattering. Such
a description is equivalent to a description of photon move-
ment using many small steps 1/p which each involve only
a partial deflection angle if there are many scattering events
before an absorption event, i.e., pL,<<u/'.

[0132] In contrast, the reflectance that is detected by
detector structures 125 for relatively large source-to-detector
distances is primarily dependent on the effective absorption
coefficient .., which is defined asy/3p,(u,+u,"), which is a
function of both i and p'.

[0133] Thus, by measuring reflectance at relatively small
source-to-detector distances (e.g., S1-D4 and S2-D8 of FIG.
2) and relatively large source-to-detector distances (e.g.,
S1-D8 and S2-D4 of FIG. 2), both p, and p' can be
independently determined from one another. The optical
properties of the tissue can in turn provide sufficient infor-
mation for the calculation of oxygenated hemoglobin and
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deoxygenated hemoglobin concentrations and hence the
oxygen saturation of the tissue.

[0134] Iterative Fit for Data Collection Optimization. FIG.
13 shows a flow diagram of another method for determining
the optical properties of tissue by oximeter probe 101. The
flow diagram represents one example implementation. Steps
may be added to, removed from, or combined in the flow
diagram without deviating from the scope of the implemen-
tation.

[0135] At 1300, oximeter probe 101 emits light (e.g., near
infrared light) from one of the source structures, such as
source structure 120a into tissue. After the emitted light
reflects from the tissue, detector structures 125 detect the
light, step 1305, and generate reflectance data for the tissue,
step 1310. Steps 1300, 1305, and 1310 may be repeated for
multiple wavelengths of light and for one or more other
source structures, such as source structure 12056, At 1315,
oximeter probe 101 fits the reflectance data to simulated
reflectance curves 315 and determines the simulated reflec-
tance curve to which the reflectance data has the best fit. The
database stored in the memory and fit to the reflectance data
can be database 900, database 1000, or database 1100.
Thereafter, oximeter probe 101 determines the optical prop-
erties (e.g., 1L, and p for database 900 or database 1000, or
melanin content, oxygen saturation, blood volume, and
scattering for database 1100) for the tissue based on the
optical properties of the simulated reflectance curve that best
fits the reflectance data, step 1320.

[0136] At 1325 oximeter probe 101 determines the mean
free path of the light in the tissue from the optical propetrties
(e.g., mfp=1/(u,.1.")) determined at step 1320. Specifically,
the mean free path can be determined from the optical
properties obtained from a cumulative reflectance curve that
includes the reflectance data for all of the source-detector
pairs (e.g., pair 1: source structure 120a and detector struc-
ture 125a; pair 2: source structure 120a and detector struc-
ture 1254 pair 3: source structure 120a and detector struc-
ture 125¢: pair 4: source structure 120a¢ and detector
structure 125d; pair 5: source structure 120a and detector
structure 125e; pair 6: source structure 120a and detector
structure 125f; pair 7: source structure 120a and detector
structure 125g; pair 8: source structure 120a and detector
structure 125k; pair 9: source structure 1205 and detector
structure 125a, pair 10: source structure 1205 and detector
structure 12556 . . . and others).

[0137] At 1330, oximeter probe 101 determines whether
the mean free path calculated for a given region of the tissue
is longer than two times the shortest source-to-detector
distance (e.g., S1-D4 and S2-D8 of FIG. 2). If the mean free
path is longer than two times the shortest source-to-detector
distance, then the collected reflectance data is re-fitted to the
simulated reflectance curves (i.e., reanalyzed) without uti-
lizing the reflectance data collected from the detector struc-
tures for the source-to-detector pairs having the shortest
source-to-detector distance. For example, steps 1315-1330
are repeated without use of the reflectance data from detec-
tor structure 125e with source structure 120q acting as the
source for detector structure 1254, and without use of the
reflectance data from detector structure 125/ with source
structure 1205 acting as the source for detector structure
125h. The process of calculating the mean free path and
discarding the reflectance data for one or more source-
detector pairs may be repeated until no source-detector pairs
that contribute reflectance data to the fit have a source-to-
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detector distance shorter than one half of the calculated
mean free path. Thereafter, oxygen saturation is determined
from the best fitting simulated reflectance curve and reported
by oximeter probe 101, such as on display 115, step 1335.
[0138] Light that is emitted from one of the source struc-
tures 120 into tissue and that travels less than half of the
mean free path is nondiffusely reflected. The re-emission
distance for this light is strongly dependent on the tissue
phase function and the local tissue composition. Therefore,
using the reflectance data for this light tends to result in a
less accurate determination of the optical properties and
tissue properties as compared with the reflectance data for
light that has undergone multiple scattering events.

[0139] Data Weighting Detector Structures. Detector
structures 125 that are positioned at increasing distances
from source structures 120 receive decreasing amounts of
reflectance from tissue. Therefore, the reflectance data gen-
erated by detector structures 125 having relatively short
source-to-detector distances (e.g., S1-D4 and S2-D8 of FIG.
2) tends to exhibit intrinsically higher signal compared to
reflectance data generated by detector structures having
relatively long source-to-detector distances (e.g., S1-D8 and
S2-D4 of FIG. 2). Fit algorithms may therefore preferen-
tially fit the simulated reflectance curves to the reflectance
data that is generated by detector structures 125 having
relatively short source-to-detectors distances (e.g., source-
to-detector distances less than or equal to the average
distance between the source structures and the detector
structures) more tightly than reflectance data that is gener-
ated by detector structures having relatively long source-to-
detector distances (e.g., source-to-detector distances greater
than the average distance). For relatively accurate determi-
nation of the optical properties from the reflectance data, this
distance-proportional skew may be undesirable and may be
corrected by weighting the reflectance data as described
immediately below.

[0140] FIG. 14 shows a flow diagram of a method for
weighting reflectance data generated by select detector
structures 125. The flow diagram represents one example
implementation. Steps may be added to, removed from, or
combined in the flow diagram without deviating from the
scope of the implementation.

[0141] At 1400, oximeter probe 101 emits light from one
of the source structures, such as source structure 120a into
tissue. After the emitted light reflects from the tissue,
detector structures 125 detect the light, step 1405, and
generate reflectance data for the tissue, step 1410. Steps
1400, 1405, and 1410 may be repeated for multiple wave-
lengths of light and for one or more other source structures,
such as source structure 1205. At 1415, oximeter probe 101
fits a first portion of the reflectance data to the simulated
reflectance curves 315. The database stored in the memory
and fit to the reflectance data can be database 900, database
1000, or database 1100. The first portion of the reflectance
data is generated by a first portion of detector structures that
are less than a threshold distance from the source structure.
The threshold distance may be the average distances (e.g.,
approximate midrange distance) between the source struc-
tures and the detector structures. At 1420, reflectance data
for a second portion of the reflectance data is fitted to the
simulated reflectance curves. The second portion of reflec-
tance data is generated by the first portion of the detector
structures and another detector structure that is at the next
largest source-to-detector distance from the source com-
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pared to the threshold distance. For example, if the first
portion of detector structures includes detector structures
125¢, 125d, 125¢, and 125/, then the detector structure that
is at the next largest source-to-detector distance is detector
structure 125¢ (see table 1).

[0142] At 1425, the fit generated at step 1415 is compared
to the fit generated at step 1420 to determine whether the fit
generated at step 1420 is better than the fit generated at 1415.
As will be understood by those of skill in the art, a
“closeness” of a fit of data to a curve is quantifiable based
on a variety of parameters, and the closeness of fits are
directly comparable to determine the data having a closer fit
(closer fit) to a curve. As will be further understood, a closer
fit is sometimes also referred to as a better fit or a tighter fit.
If the fit generated at step 1420 is better than the fit generated
at step 1415, then steps 1420 and 1425 are repeated with
reflectance data that is generated by detector structures that
include an additional detector structure (according to the
example being considered, detector structure 125¢) that is
positioned at a next increased source-to-detector distance
from the source. Alternatively, if the fit generated at step
1420 is not better than the fit generated at step 1415, then the
reflectance data for detector structures 125 that are posi-
tioned at source-to-detector distances that are greater than
the threshold distance are not used in the fit. Thereafter,
oximeter probe 101 uses the fit generated at 1415 or step
1420 (if better than the fit determined at step 1415) to
determine the optical properties and the oxygen saturation of
the tissue, step 1430. Thereafter, oxygen saturation is
reported by oximeter probe 101, such as on display 115, step
1435.

[0143] According to an alternative implementation, if the
fit generated at step 1420 is not better than the fit generated
at step 1415, then the reflectance data are weighted by a
weighting factor for detector structures that have source-to-
detector distances that are greater than the threshold distance
so that this weighted reflectance data has a decreased
influence on the fit. Reflectance data that is not used in a fit
may be considered as having a zero weight and may be
associated with reflectance from tissue below the tissue layer
of interest. Reflectance from tissue below the tissue layer of
interest is said to exhibit a characteristic kink in the reflec-
tance curve that indicates this particular reflectance.

[0144] It is noted that curve-fitting algorithms that fit the
reflectance data to the simulated reflectance curves may take
into account the amount of uncertainty of the reflectance
data as well as the absolute location of the reflectance data.
Uncertainty in the reflectance data corresponds to the
amount of noise from the generation of the reflectance data
by one of the detector structures, and the amount of noise
can scale as the square root of the magnitude of the reflec-
tance data.

[0145] According to a further implementation, oximeter
probe 101 iteratively weights the reflectance data based on
the amount of noise associated with the measurements of the
reflectance data. Specifically, the reflectance data generated
by detector structures having relatively large source-to-
detector distances generally have lower signal-to-noise ratio
compared to the reflectance data generated by detector
structure having relatively short source-to-detector dis-
tances. Weighting the reflectance data generated by detector
structures having relatively large source-to-detector dis-
tances allows for this data to contribute to the fit equally or
approximately equally to other reflectance data.
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[0146] Methods described for matching reflectance data to
a number of Monte-Carlo-simulated reflectance curves pro-
vide for relatively fast and accurate determination of the
optical properties of real tissue probed by the oximeter
probe. Speed in determining optical properties of tissue is an
important consideration in the design of intraoperative
probes compared to postoperative probes. Further, the
Monte-Carlo methods described allow for robust calibration
methods that in-turn allow for the generation of absolute
optical properties as compared with relative optical propet-
ties. Reporting absolute optical properties, as opposed to
relative optical properties, is relatively important for intra-
operative oximeter probes as compared with post-operative
oximeter probes.

[0147] FIG. 15 shows a flow diagram of a method for
determining relative tissue parameters for tissue measured
by the oximeter probe where contributions from melanin in
the tissue are removed from the relative tissue parameters.
The flow diagram represents one example implementation.
Steps may be added to, removed from, or combined in the
flow diagram without deviating from the scope of the
implementation.

[0148] The method includes making oximeter measure-
ments on different tissue locations (e.g., first and second
target tissues) of a patient’s body, and using the oximeter
measurements to determine a relative tissue parameter for
one of the target tissues (e.g., the second target tissue). The
different target locations can be tissues that have the same or
similar melanin concentrations, such as contralateral tissues.
For example, during a breast reconstruction surgery (e.g.,
where a tissue flap is being used in the reconstruction), the
first target tissue may be healthy breast tissue and the second
target tissue may be tissue for which an oximeter reading is
desired (e.g., the breast that is being reconstructed). The first
breast tissue can be from the same breast or different breast
or other tissue, such as other chest tissue. The two tissues
should have the same or similar melanin content. The
oximeter measurements for the first and second target tissue
are then used to generate a relative tissue parameter (e.g.,
relative oxygen saturation value) that is the difference
between a first tissue parameter (e.g., first oxygen satura-
tion) of the first target tissue (e.g., healthy breast tissue) and
second tissue parameter (e.g., second oxygen saturation) of
the second target tissue (e.g., tissue flap being used for the
reconstruction or the breast tissue being reconstructed)
where contributions from the light absorption by melanin is
removed from the measure for the relative oxygen satura-
tion.

[0149] As described further below, the method exploits the
approximately constant slope of the curve of the absorption
coeflicients of melanin in tissue for light having wavelengths
from about 700 nanometers to about 900 nanometers (e.g.,
infrared wavelengths). The method uses a derivative
approach of the absorption coeflicients to remove the mela-
nin contributions (e.g., from light absorption by melanin)
from the oximetry measurements and determinations (e.g.,
final results, intermediary results, or both). See the slope for
the absorption coeflicients of melanin in FIG. 8. The method
also exploits the differences in the slope of the curves for the
absorption coeflicients of melanin and oxygenated blood
hemoglobin and the differences in the slope of the curves of
the absorptions coefficients of melanin and deoxygenated
blood hemoglobin. See the curves for the absorption coef-
ficients of oxygenated and deoxygenated hemoglobin in
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FIG. 8. Also, as further explained below, the method exploits
the changes in the slopes of curves for the absorptions
coeflicients for the first and second target tissues where these
tissues may have different concentrations of oxygenated and
deoxygenated hemoglobin.

[0150] In an implementation of the method, a user con-
tacts the probe tip of the oximeter probe to the first target
tissue at a first location (e.g., different location from the
second target tissue) in preparation to use the probe for
making an oximeter measurement. See 1500 in FIG. 15.
Thereafter, the oximeter probe emits light (e.g., 2, 3. 4, or
more wavelengths of IR) from one or more of the source
structures (e.g., two source structures) on the probe face into
the first target tissue. The detector structures on the probe
face detect the light subsequent to reflection from or trans-
mission through the first target tissue and generate first
reflectance data based on the detected light. The first reflec-
tance data includes a first melanin absorption component of
reflectance data for melanin content (e.g., first melanin
content for the first target tissue) of the first target tissue. See
1505 in FIG. 15.

[0151] The oximeter probe then determines a number of
first oximeter parameters for the first target tissue using the
first reflectance data for each wavelength of light transmitted
from the source structures into the tissue. See 1510 in FIG.
15. The first oximeter parameters can be determined by the
oximeter probe by fitting the reflectance data to the simu-
lated reflectance curves as described above. The oximeter
probe stores these first oximeter parameters in the memory
of the probe. The first oximeter parameters can be values for
the absorption coeflicients for each of the transmitted wave-
lengths of light for the first target tissue. The first oximeter
parameters for the first target tissue (e.g., healthy tissue) are
baseline parameters. The first oximeter parameters (e.g.,
intermediary values, such as angular measure, absorptions
coeflicients, oxygen saturation values, other values) may be
unavailable for display after the first measurement is made
and before a second measurement is made (e.g., described
below at 1515, 1520, and 1525 of FIG. 15).

[0152] FIGS. 16A and 16B show example graphs of
absorption coefficients for the first target tissue and the
second target tissue illuminated by a number of light wave-
lengths, such as the 760 nanometers, 810 nanometers, 845
nanometers, and 895 nanometers. Other wavelengths can be
used by the oximeter probe including more or fewer wave-
lengths of light.

[0153] At 1515, the user moves the probe face of the
oximeter probe to the second target tissue (e.g.. breast tissue
undergoing reconstructive surgery). Thereafter, the oximeter
probe emits light (e.g., 2, 3, 4, or more wavelengths of IR)
from the one or more source structures on the probe face into
the second target tissue. The detector structures on the probe
face detect the light subsequent to reflection from or trans-
mission through the second target tissue and generate second
reflectance data based on the detected light. The second
reflectance data includes a second melanin absorption com-
ponent of reflectance data for melanin content (e.g., second
melanin content for the first target tissue) of the second
target tissue. See 1520 in FIG. 15.

[0154] The oximeter probe then determines a number of
second oximeter parameters for the second target tissue
using the second reflectance data for each wavelength of
light transmitted from the source structures into the tissue.
See 1525 in FIG. 15. The second oximeter parameters can be
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determined by the oximeter probe by fitting the second
reflectance data to the simulated reflectance curves as
described above. The oximeter probe can store these second
oximeter parameters in the memory of the probe. The second
oximeter parameters can be values for the absorption coef-
ficients for the transmitted wavelengths of light for the
second target tissue.

[0155] At 1530, the oximeter probe, determines a first
angular deviation 0, (see FIG. 16A) of the first curve (e.g.,
lines forming the curves) for first absorption coeflicients for
line 1605 (e.g., the projection 1605a of line 1605 which is
shown as a broken line in FIG. 16A) between 760 nanome-
ters and 810 nanometers and 1410 between 810 nanometers
and 845 nanometers.

[0156] The oximeter probe, determines a second angular
deviation ¢, of the first curve (e.g., lines forming the curves)
for the second absorption coefficients for line 1610 (e.g., the
projection 1610a of line 1610 which is shown as a broken
line in FIG. 16A) between 810 nanometers and 845 nano-
meters and line 1615 between 845 nanometers and 890
nanometers.

[0157] The oximeter probe, determines a third angular
deviation 6, (see FIG. 16B) of the second curve (e.g., lines
forming the curves) for the second absorption coefficients
for line 1620 (e.g., the projection 16204 of line 1620 which
is shown as a broken line in FIG. 16B) between 760
nanometers and 810 nanometers and line 1625 between 810
nanometers and 845 nanometers.

[0158] The oximeter probe, determines a fourth angular
deviation ¢, of the second curve (e.g., lines forming the
curves) for the second absorption coeflicients for line 1625
(e.g., the projection 1625a of line 1625 which is shown as
a broken line in FIG. 16B) between 810 nanometers and 845
nanometers and line 1630 between 845 nanometers and 890
nanometers.

[0159] The first and second angular deviations 0, and ¢,
shown in FIG. 16A are calculated by the oximeter probe by
taking the second derivative of the first curve for the
absorption coefficients with respect to wavelength for the
first target tissue (e.g., healthy breast tissue). The third and
fourth angular deviations 8, and ¢, shown in FIG. 16B are
calculated by the oximeter probe by taking the second
derivative of the first curve for the absorption coefficients
with respect to wavelength for the second target tissue (e.g.,
reconstructed breast tissue).

[0160] FIG. 17A shows an example curve (e.g., first
spectrum) of the absorption coeflicients for the first target
tissue (e.g., healthy breast tissue). The example curve has a
negative slope along the entire length of the curve. FIG. 17B
shows an example curve of the first derivative of the
absorption coefficients with respect to wavelength for the
first target tissue. The plot in FIG. 17B is for wavelengths of
between 750 and 850. The negative values of the example
curve of FIG. 17B match the negative slope shown in FIG.
17A, and the example curve has a positive slope along the
entire length of the curve. FIG. 17C shows an example curve
of the second derivative of the absorption coeflicients with
respect to wavelength for the first target site. The plot in FIG.
17C is for wavelengths of between 800 and 850 nanometers
(e.g., specifically for 810 nanometers and 845 nanometers).
The positive values of the example curve shown in FIG. 17C
match the positive slope of the curve in FIG. 17B.

[0161] FIG. 17D shows an example first curve (e.g., first
spectrum) 1701 and an example second curve (e.g., second
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spectrum) 1703 of the absorption coeflicients for the first
target tissue (e.g., healthy breast tissue) and the second target
tissue (e.g., reconstructed breast tissue). The relatively small
displacement of the curves indicates the relatively small
change in the absorption coefficients between a first target
tissue and a second target tissue. The example curves each
has a negative slope along the entire length of the curve.

[0162] FIG. 17F shows a first example plot 1711 (e.g.,
three top points) of the first derivative of the absorption
coeflicients with respect to wavelength for the first target
tissue and shows a second plot 1713 (e.g., three bottom
points) of the first derivative of the absorption coeflicients
with respect to wavelength for the second target tissue. The
plotin FIG. 17E is for wavelengths of between 750 and 850.
The negative values of the example plots of FIG. 17E match
the negative slopes shown in FIG. 17D, and the example
curves have positive slopes along the entire lengths of the
curves.

[0163] FIG. 17F shows a first example plot 1721 (e.g., to
bottom points) of the second derivative of the absorption
coeflicients with respect to wavelength for the first target site
and shows a second example plot 1723 (e.g., to top points)
of the second derivative of the absorption coeflicients with
respect to wavelength for the second target site. The plots in
FIG. 17D are for wavelengths of between 800 and 850
nanometers (e.g., specifically for 810 nanometers and 845
nanometers). The positive values of the example plots
shown in FIG. 17F match the positive slope of the curve in
FIG. 17E.

[0164] FIG. 18 shows avector (8,, ¢,) in “angle” space for
the values of the second derivatives 0, and ¢, plotted against
each other. In angle space, the vertical and horizontal axes
are for values 6, and ¢, of the second derivatives for two
wavelengths of light. In the particular example, the vertical
and horizontal axes are for values for the second derivative
for 810 nanometers and 845 nanometers. Other wavelength
values from the second derivatives can be chosen is the
tissue is illuminated by other wavelengths of light. That is,
the end point 1801a of the vector 1801 in angle space
represents two values for the second derivative for the first
tissue (e.g., healthy breast tissue) plotted against each other.

[0165] FIG. 19 shows the first vector 1901 (0, ¢,) and a
second vector 1903 (8, ¢,) in “angle” space. That is, 6,, and
¢, are plotted against each other and 6, and ¢, are plotted
against each other. The difference between the two vector
are the delta angles A6=0,-6, and A¢=¢,-¢, and represents
the changes in the curvature of the curves (also sometimes
referred to as spectra) for absorption coefficients for the first
and second target tissues for wavelengths 810 and 845. The
delta angles A8 and A¢ can be determined by the processor
by projecting vector 1903 onto vector 1901. See FIG. 15 at
1535 and 1540.

[0166] FIG. 20 shows one of the delta angles A0 and A¢p
in vector space. The changes of curvature of the absorption
coeflicients are attributable to relative changes in the oxygen
saturation between the first and second target tissue sites.
Because the curvatures for the absorption coefficients of
melanin are fixed or approximately fixed for the first and
second target tissue (e.g., melanin concentrations are the
same or similar for the first and second target tissue, single
patient with contralateral measurements), the changes of
curvature of the absorption coeflicients AG and A¢ are not
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attributable to melanin in the tissue sites. That is, any
contribution to the second derivatives from melanin go to
Zero.

[0167] The relative change in oxygen saturation between
the first and second target tissues is calculated from the delta
angles AO and A¢ and a value (e.g., percentage difference)
for the relative change in oxygen saturation is displayed on
the display of the oximeter probe. See FIG. 15 at 1545 and
1550. The processor of the oximeter probe performs this
calculation. Specifically, the angle changes A0 and A¢ have
an arbitrary scaling that is corrected so that the scaling is for
blood. The correction can be based on a scaling factor, a
correction vector, or both. The scaling factor, the correction
vector, or both can be stored in the nonvolatile memory and
remain resident in the memory when the oximeter probe is
detached from a power source (e.g., the batteries are
removed from the probe). These values may be generated
when the oximeter is first manufactured and tested for use.
The values are retrieved from the memory and loaded into
the processor for use. The correction vector can be vector in
angle space used by the processor to correct the vectors in
angle space or correct the angle changes A0 and A¢ in angle
space.

[0168] The correction vector is determined using a tissue
phantom. The tissue phantom can be a liquid tissue phantom,
one or more rigid tissue phantoms, or a combination of
liquid and rigid tissue phantoms. The oximeter probe makes
oxygen saturation measurements on the tissue phantom
during a period of time when the tissue phantom has an
initial blood oxygenation saturation of 100 percent (e.g.,
fully oxygenated) and lowers to 0 percent (e.g., fully deoxy-
genated).

[0169] The reflectance data (e.g., for 2, 3, 4, or more
wavelengths of light, such as IR) that is generated by the
oximeter probe for the tissue phantom is fit to the simulated
reflectance curves to determine one or more simulated
reflectance curves that best fits the reflectance data. The
absorption coefficients associated with the one or more
simulated reflectance curves are determined. First and sec-
ond derivatives of the curves (e.g., spectrum) for the absorp-
tion coefficient are determined.

[0170] FIG. 21A shows a graph 2100 for the absorption
coeflicients (e.g., spectrum) for the fully oxygenated mea-
surements and a graph 2105 for the absorption coeflicients
for the fully deoxygenated measurements. FIG. 21B shows
a first plot 2110 on graph for the first derivatives of the fully
oxygenated spectrum with respect to wavelength and a
second plot 2115 on the graph for the first derivative with
respect to wavelength of the fully deoxygenated spectrum.
FIG. 21C shows a first plot 2120 on a graph for the second
derivative with respect to wavelength of the fully oxygen-
ated spectrum and a second plot 1225 on the graph for the
second derivative with respect to wavelength of the fully
deoxygenated spectrum.

[0171] Thereafter, the angular deviations (e.g., 8, onto ¢,)
for the curves for the fully oxygenated measurements are
determined for the same wavelengths (e.g., 0, angular devia-
tion between line from 760 nanometers to 810 nanometers
and line from 810 nanometers to 845 nanometers, and ¢,
angular deviation between line from 810 nanometers to 845
nanometers and line from 845 nanometers and 890 nano-
meters) as the first and second target tissue measurements
described above.
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[0172] The angular deviations (e.g., 6, onto ¢,) for the
curves for the fully deoxygenated measurement are deter-
mined for the same wavelengths (e.g., 0, angular deviation
between line from 760 nanometers to 810 nanometers and
line from 810 nanometers to 845 nanometers, and ¢, angular
deviation between line from 810 nanometers to 845 nano-
meters and line from 845 nanometers and 890 nanometers)
as the first and second target tissue measurements described
above.

[0173] FIG. 22 shows the vector (A6, A¢) in angle space
where A8 and A¢ are plotted against each other. The delta
angles can be used for scaling (or calibrating) tissue mea-
surements for first and second target tissue (e.g., contralat-
eral breast tissue measurements).

[0174] These angular changes AO=0,-0, and A¢p=¢,-¢,
are determined by the processor. The delta angle represents
the change in the curvature of the absorption spectra
between the fully deoxygenated measurement and the fully
deoxygenated measurements. The delta angles A8 and A¢
indicate what a 100 percent change in oxygenation for tissue
is expected to look like and provides a reference that other
smaller changes in delta angles AB and A¢ (e.g., for con-
tralateral breast tissue) can be corrected by to scale arbitrary
scaled AB and A¢ (e.g., for contralateral breast tissue).

[0175] The calculated vector (A8, A¢) for the tissue phan-
tom is multiplied by a correction factor to correct for the
difference in blood volume in the phantom and blood
volume in patient tissue. The correction factor can be 10 or
other factor to account for a different between blood volume
10 percent in the particular phantom used and 1 percent
blood volume (or other percentage of blood volume 1.25
percent, 1.2 percent, 1.15 percent, 1.1 percent, 1.05 percent,
0.95 percent, 0.9 percent, 0.85 percent, 0.8 percent, or other
values) for patient tissue. Alternatively, the correction factor
can be applied to the measurements for the patient tissue as
compared to the measurements for the phantom.

[0176] FIG. 23 shows the baseline corrected vector 2401
and the calculated vector corrected 2403 for the phantom
corrected by the scaling factor for the difference in blood
volume between the blood volume for the phantom and
patient tissue. The delta angles A6 and A¢ corrected for
blood volume difference indicate what a 100 percent change
in oxygenation for tissue is expected to look like and
provides a reference that other smaller changes in delta
angles AB and A¢ for patient tissue (e.g., for contralateral
breast tissue) can be corrected by to scale the arbitrary scaled
AB and A¢ for patient tissue.

[0177] In an implementation, the vector for patient tissue
is scaled by the vector for the phantom by projecting the
vector for the patient tissue onto the vector for the phantom
vector. FIG. 24 shows the shows the vector 2501 for patient
tissue projected onto the vector 2503 for the phantom. The
result of the projection is labeled with reference number
2505.

[0178] In an implementation, the vector for patient tissue
is scaled by the vector for the phantom (1550 of FIG. 15)
dividing the normalized vector for the patient tissue by the
normalized vector for the phantom (e.g., determining a
percentage difference) and multiplying by 100 percent and
-1.
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norm(profectedVector)

ASO, = (-1} #100%

norm(BVcorrectedCalibrationVecton

[0179] The factor -1 represents a measurement for a
decrease in oxygen saturation of the patient tissue measured
by the oximeter probe. In the example of FIG. 24, the
relative increase in deoxygenation (e.g., decrease in oxy-
genation) between the contralateral target tissue of the
patient is approximately 18 percent.

[0180] In an implementation, nonlinear transforms are
used by the oximeter probe for scaling the vector (A8, Ag)
for the patient tissue by the vector (A0, A¢) for the phantom.
[0181] In animplementation, the oximeter probe transmits
light from at least one of the light source (e.g., source
structures) of the oximeter probe into a first tissue (first
breast tissue) at a first location to be measured.

[0182] The first tissue comprises a first melanin compo-
nent, such as a first melanin content. The first melanin
component includes eumelanin, pheomelanin, or both
eumelanin, pheomelanin. A number of the detector struc-
tures receives the light subsequent to transmission through
or reflectance from the first tissue.

[0183] The received light comprises a first melanin
absorption component due to the first melanin component.
That is the received light includes information for the
melanin in the first tissue as the melanin absorbs a portion
of the light transmitted into the first tissue.

[0184] The oximeter probe there after determines a mela-
nin compensation component (e.g., an angle correction
(suchas 0, 0,, ¢,, §,, AD, A, or any combination of these),
an absorption coeflicient determined from fitting reflectance
data to the simulated reflectance curves, any preliminary,
any intermediary, any final calculation result, or any com-
bination of these) for a melanin absorption component due
to a melanin component of tissue.

[0185] The melanin absorption component includes the
first melanin component. The melanin component includes
the first melanin component. The oximeter probe uses the
melanin compensation component to obtain a melanin-
corrected oxygen saturation value for the first tissue. The
melanin-corrected oxygen saturation value accounts for the
melanin absorption component.

[0186] In an implementation, a method includes contact-
ing a probe tip of an oximeter probe to a first target tissue of
a patient, where the first target tissue is healthy tissue; using
the oximeter probe, making a first oximetry measurement on
the first target tissue; determining, by a processor of the
oximeter probe a first plurality of absorption coefficients that
are dependent on a plurality of wavelengths of light emitted
from the oximeter probe into the first target tissue when the
measurement on the first target tissue is performed; contact-
ing the probe tip to a second target tissue of the patient,
where the second target tissue is tissue for which an oxim-
etry saturation value is to be determined; using the oximeter
probe, making a second oximetry measurement on the
second target tissue; determining, by the processor of the
oximeter probe a second plurality of absorption coefficients
that are dependent on the first plurality of wavelengths of
light emitted from the oximeter probe into the second target
tissue when the measurement on the second target tissue is
performed; calculating, by the processor, a first angular
deviation and a second angular deviation of a curve for the
first plurality of absorption coefficients for the first target
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tissue; calculating, by the processor, a third angular devia-
tion and a fourth angular deviation of a curve for the second
plurality of absorption coefficients for the second target
tissue; calculating, by the processor. a first angular differ-
ence between the first and second angular deviations and a
second angular difference between the third and fourth
angular deviations; calculating, by the processor, a relative
change in oxygen saturation between the first and second
target tissues based on the first and second angular differ-
ences; and displaying, by a display of the oximeter probe, a
value for the relative oxygen saturation.

[0187] The method can include transmitting first light
from a source structure of the oximeter probe into the first
target tissue; detecting first reflected light that is reflected
from the first target tissue by a plurality of detector struc-
tures of the oximeter probe; generating by the detector
structures first reflectance data for the first reflected light
detected by the detector structures; fitting the reflectance
data to a plurality of simulated reflectance curves; determin-
ing one or more best fitting ones of the simulated reflectance
curves from the fit of the first reflectance data to the plurality
of simulated reflectance curves, where each of the simulated
reflectance curves is associated with a value for an absorp-
tion coeflicient; and determining the first plurality of absorp-
tion coefficients for the one or more best fitting ones of the
simulated reflectance curves to the first reflectance data.
[0188] The method can include transmitting second light
from the source structure of the oximeter probe into the
second target tissue; detecting second reflected light that is
reflected from the second target tissue by the plurality of
detector structures of the oximeter probe; generating by the
detector structures second reflectance data for the second
reflected light detected by the detector structures; fitting the
second reflectance data to the plurality of simulated reflec-
tance curves; determining one or more best fitting ones of
the simulated reflectance curves from the fit of the second
reflectance data to the plurality of simulated reflectance
curves; and determining the second plurality of absorption
coeflicients for the one or more best fitting ones of the
simulated reflectance curves to the second reflectance data.
[0189] The method can include scaling, by the processor,
the first and second angular differences with a scaling vector,
where the scaling vector representing a 100 percent differ-
ence in oxygenation of a tissue phantom. The scaling
includes projecting a first vector comprising data points for
the first and second angular differences in angle space onto
the scaling vector in angle space. The scaling alternatively
includes dividing a normalization of the first vector, that
comprises data points for the first and second angular
differences in angle space, by a normalization of the scaling
vector.

[0190] The method can includes calculating, by the pro-
cessor, a percentage difference of a quotient of the normal-
ization of the first vector divided by the normalization of the
scaling vector; and the quotient by negative one to include
a decreasing in oxygenation between the first target tissue
and the second target tissue. The value displayed on the
display is the product of the quotient multiplied by negative
one.

[0191] In an implementation, a system implements the
method where the system includes an oximeter probe that
includes a handheld housing; a processor housed in the
handheld housing; a memory, housed in the handheld hous-
ing, electronically coupled to the processor and storing first
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code for controlling the processor; a display, accessible from
an exterior of the handheld housing, electronically coupled
to the processor; and a battery, housed in the handheld
housing, coupled to and supplies power to the processor, the
memory, and the display, where the code includes instruc-
tion executable by the processor executes steps for the
method including making a first oximetry measurement on
a first target tissue of a patient; determining a first plurality
of absorption coeflicients that are dependent on a plurality of
wavelengths of light emitted from the oximeter probe into
the first target tissue when the measurement on the first
target tissue is performed; making a second oximetry mea-
surement on a second target tissue of the patient; determin-
ing a second plurality of absorption coeflicients that are
dependent on the first plurality of wavelengths of light
emitted from the oximeter probe into the second target tissue
when the measurement on the second target tissue is per-
formed; calculating a first angular deviation and a second
angular deviation of a curve for the first plurality of absorp-
tion coeflicients for the first target tissue; calculating a third
angular deviation and a fourth angular deviation of a curve
for the second plurality of absorption coeflicients for the
second target tissue; calculating a first angular difference
between the first and second angular deviations and a second
angular difference between the third and fourth angular
deviations; calculating a relative change in oxygen satura-
tion between the first and second target tissues based on the
first and second angular differences; and displaying on the
value for the relative oxygen saturation.

[0192] In animplementation a method includes contacting
a probe tip to a first target tissue of a patient, where the first
target tissue is healthy tissue; using the oximeter probe,
making a first oximetry measurement on the first target
tissue; determining, by a processor of the oximeter probe, a
first absorption coeflicient based on the first oximetry mea-
surement for the first target tissue; contacting the probe tip
to a second target tissue of the patient, where the second
target tissue is tissue for which an oximetry saturation value
is to be determined; using the oximeter probe, making a
second oximetry measurement on the second target tissue;
determining, by the processor of the oximeter probe a
second absorption coefficient that is based on the second
oximetry measurement for the second target tissue; genet-
ating, by the processor, a third absorption coefficient by
adjusting the second absorption coefficient using first
absorption coeflicient; determining a value for oxygen satu-
ration for the second target tissue from the third absorption
coeflicient; and displaying the value for the oxygen satura-
tion for the second target tissue. The method can includes
fitting first reflectance data for the first oximetry measure-
ment to a plurality of simulated reflectance curves for
determining by the processor the first absorption coeflicient
based on the first oximetry measurement for the first target
tissue, where the simulated reflectance curves include mod-
eling for melanin in simulated tissue; and determining, by
the processor, the first absorption coeflicient from one or
more best fitting one of the simulated reflectance curves.

[0193] This description of the invention has been pre-
sented for the purposes of illustration and description. It is
not intended to be exhaustive or to limit the invention to the
precise form described, and many modifications and varia-
tions are possible in light of the teaching above. The
implementations were chosen and described in order to best
explain the principles of the invention and its practical
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applications. This description will enable others skilled in
the art to best utilize and practice the invention in various
implementations and with various modifications as are
suited to a particular use. The scope of the invention is
defined by the following claims.

The invention claimed is:

1. A method comprising:

transmitting light from a light source of an oximeter probe

into a first tissue at a first location to be measured,
wherein the first tissue comprises a first melanin com-
ponent, and the first melanin component comprises at
least one of eumelanin or pheomelanin;

receiving light at a detector of the oximeter probe that is

reflected by the first tissue in response to the transmit-
ted light, wherein the received light comprises a first
melanin absorption component due to the first melanin
component;

determining a melanin compensation component for a

melanin absorption component due to a melanin com-
ponent of tissue, wherein the melanin absorption com-
ponent comprises the first melanin component; and

using the melanin compensation component, obtaining a

melanin-corrected oxygen saturation value for the first
tissue, wherein the melanin-corrected oxygen satura-
tion value accounts for the melanin absorption compo-
nent.

2. The method of claim 1 wherein determining the mela-
nin compensation component for the melanin absorption
component due to the melanin component comprises:

transmitting light from the light source of the oximeter

probe into a second tissue at a second location to be
measured, wherein the second location is different from
the first location, and second tissue comprises a second
melanin component, and the second melanin compo-
nent comprises at least one of eumelanin or pheomela-
nin;

receiving light at the detector of the oximeter probe that

is reflected by the first tissue in response to the trans-
mitted light, wherein the received light comprises a
second melanin absorption component due to the sec-
ond melanin component;

determining a first plurality of absorption coeflicients that

are dependent on a plurality of wavelengths of light
emitted from the oximeter probe into the first tissue
when the measurement on the first tissue is performed,;
and

determining a second plurality of absorption coeflicients

that are dependent on the first plurality of wavelengths
of light emitted from the oximeter probe into the
second tissue when the measurement on the second
tissue is performed.

3. The method of claim 2 wherein determining the mela-
nin compensation component for the melanin absorption
component due to the melanin component comprises:

calculating a first angular deviation and a second angular

deviation of a curve for the first plurality of absorption
coeflicients for the first tissue;

calculating a third angular deviation and a fourth angular

deviation of a curve for the second plurality of absorp-
tion coefficients for the second tissue;

calculating a first angular difference between the first and

second angular deviations and a second angular differ-
ence between the third and fourth angular deviations;
and
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calculating a relative change in oxygen saturation
between the first and second tissues based on the first
second angular differences.

4. The method of claim 3 wherein determining the mela-
nin compensation component for the melanin absorption
component due to the melanin component comprises:

calculating a relative change in oxygen saturation

between the first and second tissues based on the first
and second angular differences.
5. The method of claim 4 comprising displaying, on a
display of the oximeter probe, the melanin-corrected oxygen
saturation value, wherein the melanin-corrected oxygen
saturation value is a value for the relative change in oxygen
saturation between the first and second tissues.
6. The method of claim 5 wherein determining the mela-
nin compensation component for the melanin absorption
component due to the melanin component comprises scaling
the first and second angular differences with a scaling vector,
wherein the scaling vector representing a 100 percent dif-
ference in oxygenation of a tissue phantom.
7. The method of claim 2 wherein determining the mela-
nin compensation component for the melanin absorption
component due to the melanin component comprises:
generating a third absorption coeflicient by adjusting at
least one of the first absorption coeflicient using at least
once of the second absorption coeflicients; and
generating the melanin-corrected oxygen saturation value
for the first tissue using the third absorption coeflicient.
8. The method of claim 7 wherein determining the mela-
nin compensation component for the melanin absorption
component due to the melanin component comprises:
fitting first reflectance data for light received at the
detector of the oximeter probe for the first tissue to a
plurality of simulated reflectance curves for determin-
ing the at least one of the first absorption coeflicient,
wherein the simulated reflectance curves include mod-
eling for melanin in simulated tissue; and

determining, by the processor, the at least one of the first
absorption coefficient from one or more best fitting one
of the simulated reflectance curves.

9. The method of claim 8 wherein determining the mela-
nin compensation component for the melanin absorption
component due to the melanin component comprises:

fitting second reflectance data for light received at the

detector of the oximeter probe for the second tissue to
the plurality of simulated reflectance curves for deter-
mining the at least one of the second absorption coef-
ficient; and

determining, by the processor, the at least one of the

second absorption coefficient from one or more best
fitting one of the simulated reflectance curves.

10. A method comprising:

providing an oximeter device comprising a probe tip

comprising source structures and detector structures,
wherein the oximeter device will measure oxygen
saturation of a tissue comprising eumelanin and
pheomelanin;

providing to the oximeter device an indication of a skin

color of the tissue to be measured;

using the indication of a skin color to calculate the oxygen

saturation of the tissue comprising eumelanin and
pheomelanin to obtain a melanin-corrected oxygen
saturation value; and
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displaying the melanin-corrected oxygen saturation value

on a display.

11. The method of claim 10 wherein the indication of a
skin color differentiates between two levels of skin color.

12. The method of claim 10 wherein the oximeter device
is a handheld oximeter device comprising the source struc-
tures, detector structures, processor, batteries, and an input
interface, and the input interface is used for the providing to
the oximeter device an indication of a skin color of the tissue
to be measured.

13. The method of claim 10 wherein the oximeter device
comprises a button for a user to select a level of skin color
to input as the indication of a skin color.

14. The method of claim 10 wherein the providing to the
oximeter device an indication of a skin color of the tissue to
be measured comprises:

using the source structures and detector structures of the

oximeter to transmit and receive light to make a deter-
mination of the indication of a skin color of the tissue
to be measured.

15. An system comprising:

an oximeter device comprising a probe tip comprises

source structures and detector structures on a distal end
of the device and a display proximal to the probe tip,
wherein the oximeter device calculates an melanin-
corrected oxygen saturation value, and displays the
melanin-corrected oxygen saturation value on the dis-
play, and the oximeter device is specially configured to:
use the probe tip to make a first measurement and a
second measurement to determine the melanin-cor-
rected oxygen saturation value;
receive first information based on the first measurement of
a first tissue at a first location, wherein the melanin-
corrected oxygen saturation value is unavailable for
display after the first measurement is made and before
the second measurement is made;
receive second information based on the second measure-
ment of a second tissue at a second location, wherein
the second location is different from the first location;

use the first information and second information to deter-
mine the melanin-corrected oxygen saturation value,
wherein the melanin-corrected oxygen saturation value
takes into account melanin components of the first
tissue and second tissue, and the melanin components
comprise eumelanin and pheomelanin; and

displaying the melanin-corrected oxygen saturation on the
display.

16. The system of claim 15 wherein the first location is a
first position of the body, the second location is at a second
position of the body, and the first position and second
position are approximately contralateral with respect to
each.

17. The system of claim 15 wherein the oximeter device
is a handheld oximeter comprising a power source and
electronic processor housed within a enclosure that also
houses the source structures and detector structures of the
probe tip.

18. The system of claim 15 wherein the oximeter device
comprises a memory, and the memory stores first simulated
reflectance curves for a first melanin content value, second
simulated reflectance curves for a second melanin content
value, and the first melanin content value is different from
the second melanin content value.
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19. The system of claim 18 wherein the oximeter device
is specially configured to:

based on the first and second information, determine a
melanin content value appropriate the first tissue and
second tissue; and

using the determined melanin content value to select one
of the plurality of simulated reflectance curves stored in
the memory by comparing the determined melanin
content value against the melanin content value asso-
ciated with each of the simulated reflectance curves.
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