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(57) ABSTRACT

A method is provided for determining the location of the
sensor. The method comprises determining a physiological
parameter based on detected light and determining the loca-
tion of the sensor based on the physiological parameter. In
addition, a method is provided for operating a sensor that
includes calibrating a sensor based on a patient-specific
physiological parameter, in which the patient-specific physi-
ological parameter is skin color, age, gender, pooled blood,
venous blood pulsation, or abnormal tissue.
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METHOD FOR IDENTIFICATION OF
SENSOR SITE BY LOCAL SKIN SPECTRUM
DATA

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates generally to medical
devices and, more particularly, to the determination of the
location of and/or calibration of a medical device.

[0003] 2. Description of the Related Art

[0004] This section is intended to introduce the reader to
various aspects of art that may be related to various aspects of
the present invention, which are described and/or claimed
below. This discussion is believed to be helpful in providing
the reader with background information to facilitate a better
understanding of the various aspects of the present invention.
Accordingly, it should be understood that these statements are
to be read in this light, and not as admissions of prior art.
[0005] In the field of medicine, doctors often desire to
monitor certain physiological characteristics of their patients.
For example, to measure certain characteristics, a non-inva-
sive sensor may be utilized that transmits electromagnetic
radiation, such as light, through a patient’s tissue and then
photo-electrically detects the absorption and/or scattering of
the transmitted or reflected light in such tissue. The physi-
ological characteristics of interest may then be calculated
based upon the amount of light absorbed and/or scattered. In
such measurement approaches, the light passed through the
tissue is typically selected to be of one or more wavelengths
that may be absorbed and/or scattered by one or more con-
stituents of the blood or tissue in an amount correlative to the
amount of the constituents present in the blood or tissue. In
this manner, the measured amount of light absorbed and/or
scattered may then be used to estimate the amount of blood or
tissue constituent in the tissue using various algorithms.
[0006] One technique for monitoring the physiological
characteristics of a patient is commonly referred to as pulse
oximetry, and devices built based upon pulse oximetry tech-
niques are commonly referred to as pulse oximeters. Pulse
oximetry may be used to measure various blood characteris-
tics, such as the blood-oxygen saturation of hemoglobin in
arterial blood, the volume of blood pulsation supplying the
tissue, and/or the rate of blood pulsations corresponding to
each heart beat of a patient and/or other cardiovascular
parameters of interest. Such physiological information allows
doctors and other health care personnel to provide the best
possible health care for their patients. Similar techniques may
be used to measure tissue hydration. These techniques differ
from pulse oximetry primarily in the wavelengths selected for
use in the sensor, and in the algorithms used to calculate
parameters related to tissue hydration.

[0007] The monitor used with pulse oximetry sensors and
other non-invasive sensors are typically calibrated depending
on the type of the sensor to ensure maximum accuracy and
specificity. Sensors often contain a calibration element, such
as a coded resistor or a memory, to provide calibration infor-
mation to the monitor. For example, a bandage-style pulse
oximetry sensor designed foruse on the finger of a patient will
provide calibration information for that tissue region and
sensor type, while an adhesive-type sensor for use on the
forehead of a patient will provide different calibration infor-
mation.

[0008] Unfortunately, technicians or other medical person-
nel may place a sensor on an inappropriate region, for
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example by attempting to use a finger sensor on the forehead,
resulting in inaccurate measurements of the physiological
characteristic of interest, such as blood oxygen saturation. A
bandage-style sensor for use on the finger is typically a trans-
mission-type sensor, in which an emitter and detector are
placed on opposing sides of the sensor site. The emitter and
detector must therefore have a minimum amount of space
between them to accommodate the contours of finger. During
operation, the emitter shines one or more wavelengths of light
through the patient’s finger or other tissue, and light received
by the detector is processed to determine the blood oxygen
saturation or other desired physiological characteristic of the
patient.

[0009] In contrast, an adhesive-style sensor for use on the
forehead, while generally operating by the same technique, is
a reflectance-style sensor. Reflectance-style sensors include
an emitter and detector that are typically placed on the same
side of the sensor. The spacing between the emitter and detec-
tor in a reflectance-style sensor is typically much smaller than
the spacing between the emitter and detector in a transmission
style sensor. The light detected by the detector is light scat-
tered back toward the tissue surface and processed to deter-
mine blood oxygen saturation or other physiological charac-
teristic. Thus, if a technician misplaces a transmission-type
bandage-style sensor intended for use on a finger on the
forehead instead, the spacing between the emitter and detec-
tor is not optimized for reflectance-type pulse oximetry. Such
misplacement could result in inaccurate measurements of
blood oxygen saturation or other physiological characteris-
tics.

[0010] Similarly, for tissue hydration assessment, it has
been found that the site of sensor placement is important.
Particularly, for the purpose of predicting whole body hydra-
tion from a local measurement of hydration, knowledge of the
site of the sensor placement may critically affect the accuracy
of'the measurement. For example, placement of the sensor on
a body location that is gravitationally above or below the
heart, may affect the measurement.

SUMMARY

[0011] Certain aspects commensurate in scope with the
originally claimed invention are set forth below. It should be
understood that these aspects are presented merely to provide
the reader with a brief summary of certain forms of the inven-
tion might take and that these aspects are not intended to limit
the scope of the invention. Indeed, the invention may encom-
pass a variety of aspects that may not be set forth below.
[0012] There is provided a method for determining the
location of a sensor that includes: emitting light into a
patient’s tissue with at least one emitter disposed on a sensor
body; detecting the light with at least one detector disposed on
the sensor body; determining a physiological parameter
based on the detected light; and determining the location of
the sensor based on the parameter.

[0013] There is provided a method for operating a sensor
that includes: emitting light into a patient’s tissue with at least
one emitter; detecting the light with at least one detector;
determining a patient-specific physiological parameter
wherein the patient-specific physiological parameter com-
prises at least one of skin color, age, gender, pooled blood,
venous blood pulsation, or abnormal tissue; and determining
calibration information based on the physiological parameter.
[0014] A sensorassembly is provided. The sensor assembly
includes: a sensor body of a spectrophotometric sensor hav-
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ing an emitter configured to emit light into a patient’s tissue
and a detector configured to detect the light; and a monitor.
The monitor includes an algorithm configured to determine
the location of the sensor based on the detected light.

[0015] There is also provided another sensor assembly,
including: a sensor body of a spectrophotometric sensor hav-
ing an emitter configured to emit light into a patient’s tissue
and a detector configured to detect the light; and a monitor.
The monitor being configured to determine a physiological
parameter from the detected light and configured to select at
least one emitter from the plurality of the emitters and at least
one detector from the plurality of the detectors based on the
physiological parameter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Advantages of the invention may become apparent
upon reading the following detailed description and upon
reference to the drawings in which:

[0017] FIG. 1 depicts an exemplary system with a fiber
optic sensor for use in accordance with the present tech-
niques;

[0018] FIG. 2 depicts a cross-sectional view of the fiber
optic sensor cable of FIG. 1 taken along line 2-2 in FIG. 1;
[0019] FIG. 3 depicts a pulse-oximetry system with a ban-
dage-style sensor coupled to a patient monitor for use in
accordance with the present techniques;

[0020] FIG. 4 depicts a close-up of the bandage-style sen-
sor of FIG. 3 for use on a patient’s finger, in accordance with
the present techniques; and

[0021] FIG. 5 depicts an adhesive-type medical sensor for
use in accordance with the present techniques.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

[0022] One or more specific embodiments of the present
invention will be described below. In an effort to provide a
concise description of these embodiments, not all features of
an actual implementation are described in the specification. It
should be appreciated that in the development of any such
actual implementation, as in any engineering or design
project, numerous implementation-specific decisions must be
made to achieve the developers’ specific goals, such as com-
pliance with system-related and business-related constraints,
which may vary from one implementation to another. More-
over, it should be appreciated that such a development effort
might be complex and time consuming, but would neverthe-
less be a routine undertaking of design, fabrication, and
manufacture for those of ordinary skill having the benefit of
this disclosure.

[0023] A number of techniques are presently disclosed. For
example, it may be desirable to determine the location of a
sensor, such as a pulse oximetry sensor or other sensor utiliz-
ing spectrophotometry, so that the location of the sensor may
be used to calibrate a monitor coupled to the sensor to
improve the accuracy of calculations performed by the moni-
tor. The location of the sensor is determined from location-
dependent spectra indicating the water content in the epider-
mis and the dermis, and the relative thickness of those layers.
For example, the forehead and finger have a large variation in
respective epidermal thickness and are distinguishable by
analyzing spectra from each location. Based on a spectral
determination of skin thickness as being indicative of the
sensor having been placed on a patient’s finger or on a
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patient’s forehead, a calibration coefficient specific to a finger
or forehead may be chosen among those stored on the sensor
and sent to a monitor, or the monitor may choose the calibra-
tion coefficient based on location information provided by the
Sensor.

[0024] Further, using a technique described herein, it may
also be desirable to determine the skin thickness of a patient
at the sensor site without regard to sensor location and to use
that determination to calibrate a monitor coupled to the sen-
sor. Instead of selecting a specific sensor location, the monitor
may determine skin thickness at the sensor site and select a
specific calibration coefficient for that skin thickness. The
calibration coefficient may be sent from the sensor to the
monitor or it may be selected among those stored on the
monitor.

[0025] It also may be desirable to determine other physi-
ological parameters, such as skin color, i.e. skin pigmenta-
tion, and to calibrate a monitor coupled to the sensor based on
this determination. Skin color of a patient at the sensor site
may be determined from the absorption of light in a specific
spectral region. The monitor may select a calibration coeffi-
cient based on a skin color gradient.

[0026] Additionally, it may be also desirable to determine
the approximate age group of the patient and calibrate a
monitor coupled to the sensor based on this determination.
Some age groups, e.g. neonates, have a relative higher water
content and pooled venous blood than adults. The difference
in spectra between a neonate and adult may be used by the
monitor to select specific calibration coefficients.

[0027] It also may be desirable to identify a patient condi-
tion at the sensor site, such as the presence of pooled blood or
a tissue edema, and provide a notification to a technician or
other medical personnel. Although water content in different
layers of the skin is typically responsible for absorption bands
in a spectrum of the skin or tissue, other blood or tissue
constituents may show absorption bands in various spectral
regions. For example, pooled blood at the surface or the skin,
or an accumulation of interstitial fluid, e.g. tissue edema, may
also show absorption at different spectral regions. A monitor
coupled to the sensor may determine the presence of pooled
blood or tissue edema and provide the notification.

[0028] A multi-site sensor having multiple emitters and/or
detectors at various spacings is also provided. Using the tech-
niques described herein, an optimal emitter-detector combi-
nation may be chosen by evaluating the spectral information
received from the emitters and detectors. Such a sensor may
have one emitter-detector spacing suitable for transmission-
based operation, and another emitter-detector spacing suit-
able for reflectance-based operation, for example. Further,
such a sensor may provide calibration coefficients to a moni-
tor based on the determination of physiological parameters
such as sensor location, skin thickness, etc. For example, the
use of more than one source-detector spacing may also aid in
determining the thickness of tissue layers, or help resolve the
composition of various layers.

[0029] The embodiments and techniques described herein
rely on spectral analysis for determination of various patient-
specific or location-specific physiological parameters or con-
ditions, such as water content, epidermal thickness, skin
color, tissue edema, etc. Specifically, for example, embodi-
ments and techniques described herein may implement one of
the methods for measuring water in tissue by NIR spectros-
copy are described in U.S. Pat. No. 6,591,122; U.S. Pub. No.
2003-0220548; U.S. Pub. No. 2004-0230106; U.S. Pub. No.
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2005-0203357; U.S. Ser. No. 11/528,154; U.S. Ser. No.
60/857045; U.S. Ser. No. 11/283,506; and U.S. Ser. No.
11/282,947 all of which are incorporated herein by reference.
Alternatively, an embodiment of the present invention may
implement techniques for measuring the analyte concentra-
tions using spectral bandwidth absorption, as described in
U.S. Ser. No. 11/528,154, which is also incorporated herein
by reference.

[0030] For simplicity, the spectral analysis for determina-
tion of sensor location based on skin thickness and relative
water content will be described below. The technique
described below is not limited to water content, as determi-
nations of skin thickness, pooled blood, tissue edema, or other
patient or location specific physiological parameters or con-
ditions may be performed in a similar manner. Further, the
technique described herein is applicable to any spectropho-
tometric sensor and may be adapted to any applications
requiring such a sensor.

[0031] Absorption of various spectral regions reflects the
absorption characteristics of different blood and/or tissue
constituents and the ability of the light at those spectral
regions to penetrate different layers of tissue. Due to the
different penetration of light in these spectral regions, the
composition and/or thickness of different layers of skin may
also be identified from a spectrum of the skin and comparison
of relative water absorption bands. For example, light in the
spectral region from about 1050 nm to about 1350 nm pen-
etrates into the epidermis and dermis and is therefore useful at
determining the composition and/or thickness of the epider-
mis and dermis. Light in this spectral region will be absorbed
by blood and/or tissue constituents that are present in rela-
tively high concentrations in the epidermis and dermis, e.g.
water. In contrast, light emitted in the spectral region from
about 2000 nm to about 2300 nm is limited to penetration of
the stratum corneum layer of the epidermis and is therefore
most useful at determining the composition of this layer.
However, compared to the lower epidermis and dermis, water
content in the stratum corneum is relatively low. Light emit-
ted in the about 1350 to about 1550 nm region has interme-
diate absorbance between the shorter and longer wavelength
regions described above, and is therefore expected to have an
intermediate penetration depth. Thus, variations in the inten-
sity ratio between the water absorption band between about
1350 to about 1550 and the water absorption band between
about 2000 nm and about 2300 nm can be used to determine
the composition and/or thickness of the skin at the measure-
ment site. For example, the stratum corneum is relatively thin
atthe forehead and cheek, but relatively thick at the finger pad
and palm. A spectrum taken at the forehead or cheek will
indicate a strong water absorption band in the 1350 to 1550
nm spectral region (relatively high water content in the epi-
dermis and dermis), while a spectrum taken at the finger or
palm will indicate a weak water absorption band in the 2000
nm to 2300 nm spectral region (penetration limited to the
stratum corneum). Through such an analysis, different spec-
tra may be correlated to specific locations on the body.

[0032] In another example, a particularly sensitive method
of determining skin thickness may take advantage of the
distinctive absorption peaks of lipids. A layer of subcutane-
ous fat is located just below the dermis, and the relative
absorbance by lipids in this layer is indicative of the relative
penetration of light into this layer. Distinctive fat absorption
bands are located in the vicinity of about 930 nm, about 1210
nm, about 1720 nm, and about 2300 nm wavelengths. For
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example, for detection of dermal thickness in a patient, a
source-detector spacing in the range of about 1 mm to about
5 mm and spectral measurement in the about 1700 nm to
about 1800 nm range may be selected.

[0033] Further improvement in depth resolution may also
be achieved by performing reflectance measurements at more
than one source-detector spacing. For example, by comparing
absorbance spectra measured at source-detector spacings in
the range of about 0.05 mm to about 0.5 mm with spacings in
the range of about 1 mm to about 5 mm, the composition of
the epidermis and dermis may be respectively determined.
Further improvement in the determination of multi-layer tis-
sue composition may be achieved through the combination of
both multiple source-detector spacings and multiple spectral
regions. For example, a 0.1 mm source-detector separation as
described above would be best suited to spectral measure-
ments in the range of about 1800 nm to about 2500 nm, where
tissue absorbance is high.

[0034] It should be appreciated that exemplary steps of the
present technique are typically implemented in a sensor and a
patient monitoring system. In accordance with some aspects
of'the present technique, reusable medical sensors and patient
monitors are provided and configured to determine patient-
specific physiological parameters.

Fiber Optic Sensor and Calibration of a Monitor Based on
Skin Location

[0035] Referring now to FIG. 1, a system 10 depicting a
fiber optic sensor 12 used in conjunction with a monitor 14 is
shown. In the depicted embodiment, a sensor cable 16 con-
nects the sensor 12 to the monitor 14 through a connector 17.
The sensor cable 16 is typically used to transmit light, control
and/or timing signals from the monitor 14 to the sensor 12
and/or to transmit acquired data from the sensor 12 to the
monitor 14. The sensor 12 and/or the sensor cable 16 may
include or incorporate one or more integrated circuit devices
or electrical devices, such as a memory, processor chip, or
resistor that may facilitate or enhance communication
between the sensor 12 and the monitor 14.

[0036] The sensor cable 16 may contain multiple optic
fibers 18 and a central detector fiber 20 as shown in the
cross-section of sensor cable 16 taken along line 2-2 as illus-
trated in FIG. 2. The monitor 14 may contain one or more
emitters that emit light through the optic fibers 18. In the
exemplary system shown, the emitters used are multiple light
emitting diodes (LEDs) or any other kind of emitter that emits
light in the desirable wavelengths. Alternatively, the emitter
may be a source capable of emitting across a broad range of
wavelengths, such as a tunable laser. Each optic fiber 18 may
connect to one LED, and a filter may be interposed between
each LED and optic fiber 18. Regulation of the desired wave-
length of light transmitted to the sensor and into the patient’s
tissue may be accomplished through the selection of LEDs as
well as the filters between the LEDs and the optic fibers 18.

[0037] The fiber optic sensor 12 may be placed on a single
location on a patient’s body and the monitor 14 or the sensor
12 may correlate the spectrum to different locations on the
body by analyzing different spectral regions. Specifically, the
sensor 12 may be placed on a patient’s finger, and a blood
oxygen saturation measurement may be taken using the red
and infrared spectral regions typical of pulse oximetry. In
alternative applications, the sensor 12 may be placed on mul-
tiple locations of a patient’s body to test for other conditions,
such as tissue hydration, for example.
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[0038] As discussed above, the spectral absorption regions
vary according to different blood or tissue constituents and
depth of penetration of light in those regions. For example,
the relative water absorption bands of different spectral
regions may be used to determine epidermal and dermal
composition and/or thickness, and therefore sensor location.
Accordingly, in addition to the red and infrared spectral
regions, the system 10 and fiber optic sensor 12 may be
configured to transmit light in the following regions: from
about 1050 nm to about 1350 nm; from about 1550 nm to
about 1850 nm, and/or from about 2000 nm to about 2300 nm.
Variations in the water and fat absorption bands in these
spectral regions can be analyzed to determine skin thickness
and, therefore, sensor location. A thicker epidermis may indi-
cate a sensor location of a finger, whereas a thinner epidermis
may indicate a sensor location of a forehead. Calibration
information for the monitor 14, such as calibration coeffi-
cients, is selected based on the determination of the sensor
location. Calibration coefficients may be stored in a memory
on the sensor 12, or they may be stored in the monitor 14 and
selected based on information sent from the sensor 12 to the
monitor 14. Calibration coefficients may be stored for any
number of sensor locations, e.g., the forehead, the finger, the
cheek, etc.

[0039] Once the monitor is calibrated according to the spe-
cific sensor location, the blood oxygen saturation may be
determined. The calibration of the monitor 14 for the specific
sensor location increases the accuracy and specificity of the
monitor’s blood oxygen saturation determination.

Fiber Optic Sensor and Calibration of a Monitor Based on
Skin Thickness

[0040] Accuracy of the system 10 and fiber optic sensor 12
described above may be increased by calibration of the moni-
tor 14 coupled to the sensor 12 according to a determination
of skin thickness. In this embodiment, the system 10 and fiber
optic sensor 12 operate according to the techniques described
above, and may provide additional wavelengths in the follow-
ing regions: from about 1050 nm to about 1350 nm; from
about 1550 nm to about 1850 nm, and from about 2000 nm to
about 2300 nm. Methods and algorithnis for determining fluid
parameters are disclosed in U.S. Pub. No. 2004-0230106, and
methods and algorithms for estimating tissue hydration from
spectral absorption bandwidth measurements are disclosed in
U.S. Ser. No. 11/528,154, both of which have been incorpo-
rated herein by reference. Using the relative water absorption
bands in these spectral regions, the thickness of the skin may
be determined. Instead of correlating the thickness of the skin
to a sensor location, however, calibration information may be
chosen based on the skin thickness without regard to sensor
location. For example, calibration coefficients, either stored
in the sensor 12 in a memory or stored in the monitor 14, may
be selected along a variable calibration curve, depending on
the thickness of the skin, as opposed to discrete locations such
as a finger, forehead, etc.

[0041] Once the monitor is calibrated according to the spe-
cific skin thickness at the sensor site, the blood oxygen satu-
ration may be determined. The calibration of the monitor for
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the specific skin thickness at the sensor location increases the
accuracy and specificity of the monitor’s blood oxygen satu-
ration determination.

Fiber Optic Sensor and Calibration of a Monitor Based on
Skin Color

[0042] Again referring to the exemplary system 10 and
fiber optic sensor 12 of FIG. 1, in some embodiments the
calibration information used by the monitor may be chosen
based on a determination of skin color of the patient at the
sensor site, e.g. skin pigmentation. Some wavelengths of light
emitted by the optic fibers 18 may be affected by the amount
and type of melanin or carotene in the skin. In situations of
low blood oxygen saturation, for example, skin color has a
relatively larger effect on the accuracy of the blood oxygen
saturation determination as compared to patients with normal
levels of blood oxygen saturation.

[0043] Inthis embodiment the system 10 and the fiber optic
sensor 12 operate according to the techniques described
above, and may provide additional wavelengths in the follow-
ing region: from about 400 nm to about 800 nm. Absorption
bands in this spectral region may indicate higher concentra-
tions of melanin (darker skin) or lower concentrations of
melanin (lighter skin). Calibration coefficients may be
selected based on this determination, and the selection may
depend on the on the complexity of the spectral analysis. For
example, the selection of calibration coefficients may be
based on a threshold, in which melanin concentrations indica-
tive of a skin color darker than the threshold result in selection
of one set of calibration coefficients. Conversely, melanin
concentrations indicative of a skin color lighter than the
threshold result in the selection of a different set of calibration
coefficients. In alternate embodiments, instead of a discrete
selection based on a threshold value, the calibration coeffi-
cients may be selected for ranges of skin color as represented
by gradual changes in melanin concentration. Again, calibrat-
ing the monitor according to skin color/pigmentation can
result in increasing the accuracy and specificity of the moni-
tor’s blood oxygen saturation determination, especially in
patient’s experiencing low levels of blood oxygen saturation.

Fiber Optic Sensor and Calibration of a Monitor Based on
Age Group

[0044] In other embodiments, the calibration information
used by the monitor 14 in the system 10 depicted in FIG. 1
may be chosen based on a determination of the age group of
the patient, e.g. whether the patient is a neonate or an adult. In
determining the age group of the patient, spectral regions that
are indicative of water content and pooled blood are most
useful. For example, neonates typically have higher relative
water content and pooled blood than adults. A spectrum of the
skin of a neonate will show different peak water absorption
bands and different peak bands at wavelengths of light sus-
ceptible to pooled blood absorption.

[0045] As in the above embodiments, the system 10 and
fiber optic sensor 12 operate according to the techniques
described above, for example by using the red and infrared to
determine blood oxygen saturation. The monitor 14 and fiber
optic sensor 12 may provide additional wavelengths in the
following regions: 510 nm (useful for identifying pooled
blood); from about 1050 nm to about 1350 nm; from about
1550 nm to about 1850 nm; and from about 2000 nm to about
2300 nm (useful in identifying water content in different
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layers of skin). The spectral analysis of these spectral regions
may show absorption bands that can be used to determine if
the patient is likely to be a neonate or an adult. For example,
water absorption bands in the spectral region from about 2000
nm to about 2300 nm may indicate higher relative water
content in comparison to a spectrum taken from an adult.
Similarly, peak absorption bands around the 510 nm spectral
region may indicate pooled blood at the sensor site. Thus,
from a combination of these two indicators, the monitor may
make a determination that the patient is a neonate and send
this information to the monitor. The monitor may store dif-
ferent calibration coefficients specific to neonates or adults
and make a selection based on the sensor determination.
Alternatively, the sensor 12 can store calibration coefficients
in a memory, and the monitor can select a calibration coeffi-
cient based on the age group of the patient, and then the sensor
can send the appropriate selected calibration coefficient to the
monitor 14.

[0046] Alternatively, steady-state (as opposed to photopl-
ethysmographic) measurement of the tissue absorbance using
standard pulse-oximetry wavelengths such as 660 nm and 890
nm, i.e. red and near infrared wavelengths, may also be useful
as an indication of the amount of pooled blood at the mea-
surement site. Advantageously, implementation of such a
technique would require no change to the sensor except that
calibration for the LED intensity output may be required.
Such calibration could be readily accomplished through a
separate measurement on a standard scattering material such
as Teflon.

Bandage-Style Pulse Oximetry Sensor and Identification of
Patient Conditions

[0047] Turning now to FIG. 3, a system 20 for use in con-
junction with a conventional bandage-style pulse oximetry
sensor 22 or the adhesive-style sensor is shown. A monitor 26
is shown connected to an bandage-style sensor 22 through a
sensor cable 24. The sensor cable 24 of the sensor 22 may be
directly coupled to a pulse oximetry monitor 26, or it may be
coupled to a transmission device (not shown) to facilitate
wireless transmission between the sensor 22 and the monitor
26. The sensor cable 24 is responsible for transmitting elec-
trical and/or optical signals to and from the emitter 28 and
detector 30 of the sensor 22. The monitor 26 may be any
suitable pulse oximeter, such as those available from Nellcor
Puritan Bennett Inc. Furthermore, to upgrade conventional
pulse oximetry provided by the monitor 26 to provide addi-
tional functions, the monitor 26 may be coupled to a multi-
parameter patient monitor 32 via a cable 34 connected to a
sensor input port or via a cable 36 connected to a digital
communication port.

[0048] A close-up of the exemplary bandage-style sensor
22 is shown in FIG. 4. The exemplary sensor 22 includes an
emitter 28 and a detector 30 which may be of any suitable
type. For example, the emitter 28 may be one or more LEDs
adapted to transmit one or more wavelengths of light, such as
in the visible light or red to infrared range, and the detector 30
may be one or more photodetectors, such as a silicon photo-
diode package, selected to receive light in the range emitted
from the emitter 28. The type and number of detectors 30
present in the sensor 22 may depend on how many and what
wavelengths are emitted by the emitter 28. In a conventional
pulse-oximetry sensor, the emitter 28 emits light only in the
red and infrared range. The exemplary sensor 22 has been
modified from a conventional pulse-oximetry sensor so that
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the emitter 28 may emit one or more wavelengths in addition
to those used in pulse oximetry, such as through the addition
of another LED.

[0049] Theadditional wavelengths of light emitted by emit-
ter 28 are used to determine one or more patient-specific
conditions. For example, a green LED, emitting light at wave-
lengths about 510 nm, may be added to identify pooled blood
underneath the skin. In other embodiments, an LED emitting
light at a wavelength of about 980 nm can be used to identify
interstitial fluid, and therefore tissue edema, in the underlying
tissue. Other LED’s may be used depending on the blood or
tissue constituent of interest. Regardless of the LED and
additional wavelengths chose, operation of the sensor 22 and
detection of the transmitted light is similar to conventional
pulse oximetry and the spectral analysis described above. The
sensor 22 is placed on a patient, for example on a patient’s
finger, and then light is emitted by the emitter 28, transmitted
through the patient’s tissue, and then received by the detector
30. The monitor 26 receives signals from the detector 30 and
determines blood oxygen saturation from the ratio of the light
absorbed emitted at the red and infrared wavelengths. In the
exemplary system 20, the monitor 26 also receives signals
based on the detected light at the additional wavelengths, for
example at about 510 nm for example. The absorption of light
at this additional wavelength, such as a peak absorption band
around this region, may indicate pooled blood at the sensor
site. If the monitor 26 determines there is such a peak absorp-
tion band in the spectral region, then the monitor 26 may
provide an audio or visual notification. A technician may then
take any necessary actions, such as relocating the sensor to a
site less affected by the presence of pooled blood. Similar
actions may be taken by the monitor 26 if the additional
wavelengths emitted provide an indication of tissue edema or
other conditions that may affect accuracy of the sensor.
Sensor with Multiple Emitters and Detectors

[0050] FIG. Sillustrates an exemplary adhesive-type medi-
cal sensor 40 with multiple emitters and detectors for use in
pulse oximetry or other spectrophotometric applications. The
sensor 40 may be used in the system 20 depicted in FIG. 3 and
connected to a monitor 26 by a sensor cable 41. The sensor
cable 41 is responsible for transmitting electrical and/or opti-
cal signals to and from the emitters 42 and detectors 44 of the
sensor 41.

[0051] The exemplary sensor 40 has two emitters 42A and
42B and three detectors 44 A, 44B, and 44C, but any number
of emitters and detectors may be used. The emitters and
detectors are spaced inline along the body of the sensor 40,
with emitters 42A and 42B grouped together and the three
detectors 44A, 44B, and 44C grouped together. In alternate
embodiments the spacing between the emitters and detectors
and the number of emitters or detectors may vary according to
the size of the sensor 40 and the desired spectophotometric
application, e.g. reflectance-based or transmission-based
operation. The emitters 42A and 42B may be one or more
LEDs adapted to transmit one or more wavelengths of light,
such as in the red to infrared range, and the detectors 44A,
44B, and 44C may be one or more photodetectors, such as a
silicon photodiode package, selected to receive light in the
range emitted from the emitters 42A and 42B.

[0052] Operation of the sensor 40 may include emission of
different wavelengths of light and detection and analysis of
the absorption of those wavelengths to determine blood oxy-
gen saturation, water content and skin composition and thick-
ness, and to determine optimal emitter-detector combina-
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tions. For example, emitter 42B may emit red and infrared
wavelengths for determining blood oxygen saturation. Emit-
ter 42A may emit wavelengths in the spectral regions useful
for quantification of water content at different layers of the
skin: from about 1050 nm to about 1350 nm; from about 1550
nm to about 1850 nm; and/or from about 2000 nm to about
2300 nm. The detectors 46 A, 46B, and 46C may detect any or
all of the emitted wavelengths of light as they are transmitted
or reflected through the patient’s skin or tissue. Further, the
sensor may send calibration information to the monitor
depending on the determinations of water content, skin thick-
ness, skin composition, etc., as described above.

[0053] Additionally, the monitor 26 may select an optimal
emitter-detection combination from the emitters 42A and
42B and detectors 44 A, 44B, and 44C available on the sensor.
The optimal emitter-detector combination may be that com-
bination best arranged for reflectance-based operation or
transmission-based operation, depending on the sensor loca-
tion. Alternatively, the optimal emitter-detector combination
may be that combination least susceptible to perturbations,
i.e. the presence of venous pulsation or a large artery. It may
also be the emitter-detector combination with the appropriate
distance for the depth and/or specific optical properties of the
tissue of interest, i.e. a closer emitter-detector spacing may be
more appropriate for darker skin because of the absorptive
characteristics of melanin

[0054] During operation of the sensor, the monitor may
receive signals of varying quality from detectors 44A, 44B,
and 44C. For example, if the sensor 40 is applied to the finger
as a bandage-style sensor, then emitter 42B and detector 44C
are spaced on opposite sides of the finger. This arrangement is
optimal for transmission-based operation. In contrast, detec-
tor 44A will be near the top of the finger, spaced relatively
close to emitters 42A and 42B, in an arrangement suitable for
reflectance-based operation. However, the thickness of the
skin at the finger may inhibit the effectiveness of reflectance-
type operation at that sensor site, and detector 44A may
receive minimal reflected light from the emitters 42A and
42B, and therefore may transmit a poor quality signal to the
monitor. Alternatively, if the sensor 40 is applied to the fore-
head, then all emitters and detectors are on the same side of
the sensor site. In this application, light received at the detec-
tors 44A, 44B, and 44C will be reflected from the skin, and the
emitter-detector pairing that provides the best spacing for
reflectance-based operation is optimal. In this case, emitter
42B and detector 44A are spaced in an arrangement best
suited for reflectance-type operation, i.e. minimal space
between the emitter 42B and detector 44 A relative to the other
emitter-detector spacings. The optimal source-detector spac-
ing for reflectance may be chosen based on a balance among
the following factors: (1) minimizing light shunting, i.e. LED
light that reaches the detector without penetrating to the blood
layer, by increasing the source-detector spacing; (2) maxi-
mizing the size of the plethysmographic signal relative to the
steady-state signal by increasing source-detector spacing; (3)
maximizing the signal to noise ratio of the plethysmograph
signal by using an intermediate source-detector spacing; and
(4) minimizing sensitivity to subject-to-subject scattering
variations by optimizing at intermediate source-detector
spacing.

[0055] Once the optimal emitter-detector pairing is
selected, the monitor 26 may determine blood oxygen satu-
ration from the absorption of the red and infrared light. Alter-
native embodiments may provide use of multiple emitter-
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detector pairings, for example use of the detected light from
all three detectors 44A, 44B, and 44C, and determine blood
oxygen saturation based on an average or other weighted
calculation.
[0056] Thetechnique described herein may beused in addi-
tional sensor embodiments. For example, a multi-site adhe-
sive-type sensor similar to the sensor described in FIG. 4 may
be used, in which the appropriate spectral regions that serve as
indicators of epidermal and dermal composition and/or thick-
ness could be used to determine the location of the sensor. The
location of the sensor can then be used to select the appropri-
ate calibration information and/or algorithm for that particu-
lar location, as outlined in the techniques described above.
[0057] While the invention may be susceptible to various
modifications and alternative forms, specific embodiments
have been shown by way of example in the drawings and have
been described in detail herein. However, it should be under-
stood that the invention is not intended to be limited to the
particular forms disclosed. Rather, the invention is to cover all
modifications, equivalents, and alternatives falling within the
spirit and scope of the invention as defined by the following
appended claims. Indeed, the present techniques may not
only be applied to transmission type sensors for use in pulse
oximetry, but also to reflectance type sensors, other sensor
designs, and measurement of other physiological character-
istics such as tissue hydration. Likewise, the present tech-
niques are not limited to any specific location on a patient but
may be applied to placement on any body part.
What is claimed is:
1. A method for determining the location of a sensor, com-
prising:
emitting light into a patient’s tissue with at least one emitter
disposed on a sensor body;
detecting the light with at least one detector disposed on the
sensor body;
determining a physiological parameter based on the
detected light; and
determining the location of the sensor based on the param-
eter.
2. The method of claim 1, comprising determining calibra-
tion information based on the location of the sensor.
3. The method of claim 1, wherein the physiological
parameter comprises water content.
4. The method of claim 1, wherein the physiological
parameter comprises epidermal thickness.
5. The method of claim 1, wherein the physiological
parameter comprises dermal thickness.
6. The method of claim 1, wherein the location of the
sensor is the forehead of the patient.
7. The method of claim 1, wherein the location of the
sensor is the finger of the patient.
8. The method of claim 1, wherein the sensor is a pulse
oximetry sensor.
9. The method of claim 1, wherein the sensor is a fiber optic
Sensor.
10. A method of operating a sensor, comprising:
emitting light into a patient’s tissue with at least one emit-
ter;
detecting the light with at least one detector;
determining a patient-specific physiological parameter
based on the detected light, wherein the patient-specific
physiological parameter comprises at least one of skin
color, age, gender, pooled blood, venous blood pulsa-
tion, or abnormal tissue; and
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determining calibration information based on the patient-

specific physiological parameter.

11. The method of claim 10, comprising determining blood
oxygen saturation from the detected light.

12. The method of claim 10, wherein the abnormal tissue
comprises tissue edema.

13. The method of claim 10, comprising providing a noti-
fication based on the patient-specific physiological param-
eter.

14. The method of claim 10, comprising selecting one
emitter and one detector based on the patient-specific physi-
ological parameter.

15. The method of claim 10, wherein the sensor is a pulse
oximetry sensor.

16. The method of claim 10, wherein the sensor is a fiber
optic sensor.

17. A sensor assembly, comprising:

a sensor body having an emitter configured to emit light

into a patient’s tissue and a detector configured to detect
the light; and
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a monitor comprising an algorithm configured to deter-
mine the location of the sensor based on the detected
light.

18. %Illle assembly of claim 17, wherein the monitor com-
prises an algorithm configured to determine calibration infor-
mation based on the location of the sensor.

19. The assembly of claim 17, wherein the sensor assembly
is configured to measure blood oxygen saturation.

20. The assembly of claim 17, wherein the emitter com-
prises optic fibers.

21. A sensor assembly, comprising:

a sensor body having a plurality of emitters configured to
emit light into a patient’s tissue and a plurality of detec-
tors configured to detect the light; and

a monitor comprising being configured to determine a
physiological parameter from the detected light and con-
figured to select at least one emitter from the plurality of
the emitters and at least one detector from the plurality of
the detectors based on the physiological parameter.

* * * #* ok
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