US 20120323095A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2012/0323095 Al

Baker, Jr. (43) Pub. Date: Dec. 20, 2012
(54) METHOD FOR DETECTION OF ABERRANT (52) US.ClL ... 600/324; 600/477; 600/310; 600/322
TISSUE SPECTRA
(75) Inventor: Clark R. Baker, Jr., Castro Valley, CA 7) ABSTRACT
Us)
(73) Assignee: NELLCOR PURITAN BENNETT
LLC, Boulder, CO (US)
(21) Appl. No.: 13/598,312
(22) Filed: Aug. 29,2012 A method is provided for determining contact of a sensor with
a patient’s tissue. The method comprises comparing the
Related U.S. Application Data intensity of detected light at a first wavelength to a threshold,
L L , wherein the first wavelength is not used to determine a physi-
(62) Division of application No. 11/716,777, filed on Mar. ological characteristic of the patient, and determining if the
9, 2007, now Pat. No. 8,280,469. . . .
sensor 1s in contact with the patient’s tissue based on the
Publication Classification comparison. In addition, a method is provided for determin-
ing the amount of light shunting during operation of the
(51) Int.CL sensor. The method comprises comparing the intensity of
A61B 6/00 (2006.01) detected light at a first wavelength to a threshold, wherein the
A61B 5/024 (2006.01) first wavelength is not used to determine a physiological
A6IB 5/1455 (2006.01) characteristic of the patient, and determining the amount of
A61B 5/00 (2006.01) light shunting based on the comparison.

0 ooonoo
C00O0O0

N




US 2012/0323095 A1

Dec. 20,2012 Sheet 1 of 5

Patent Application Publication

AY1dSId
1Nd.Lno

=

SYILLING

yT—

40193144

o1—’

43IGOON3

/

N\

LIN3ILVd

[ 'Old
1NdNI
TOMINGD
0g—"
JNING LHIN
WvY |- ge—"
gg—" 47 Qs v ¥3LH dWY
WOY |- 9g—" ye—" 2e—"
9z~ ¥330023a
Zy—
zz—"
oz~

oy~

21—

91—

AN

01



Patent Application Publication  Dec. 20,2012 Sheet 2 of 5 US 2012/0323095 A1

o ~
o0
]
<t
i
N ‘II
- g L=
) —
L .
| 009
1
||| o ©
a <
\ o
N\
04
L
o
[Ty
I “ll

O oomoooo
C 0O 00O O




Patent Application Publication  Dec. 20,2012 Sheet 3 of 5 US 2012/0323095 A1

FIG. 3



Patent Application Publication  Dec. 20,2012 Sheet 4 of 5 US 2012/0323095 A1

PLACE SENSOR ON | —&80
PATIENT
o

EMIT LIGHT INTO 62
PATIENT'S TISSUE

DETECT TRANSMITTED | — 64
LIGHT

|

COMPARE TRANSMITTED LIGHT
INTENSITY TO A THRESHOLD | ——g¢

/?2

1S SENSOR N
CONTACT W AOTFEATIN
PATIENT'S TISSUE
?
/?4
REPOSITION
OR REATTACH [t
SENSOR

FIG. 4



Patent Application Publication  Dec. 20,2012 Sheet 5 of 5 US 2012/0323095 A1

PATIENT

¥

PATIENTS TISSUE

LIGHT

L

PLACE SENSOR ON |—80

EMIT LIGHT INTO | — g9

DETECT TRANSMITED | —84

COMPARE TRANSMITTED LIGHT
ABSORBED TQ REFERENCE
ABSORBTION MEASUREMENT

——86

¥

DETERMINE AMOUNT OF
LIGHT SHUNTING

1

~—8%

SUBTRACT ESTIMATED LIGHT
SHUNTING FROM TRANSMITTED
LIGHT MEASUREMENTS

L~ 40

FIG. 5



US 2012/0323095 A1

METHOD FOR DETECTION OF ABERRANT
TISSUE SPECTRA

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. patent appli-
cation Ser.No. 11/716,777, entitled “Method for Detection of
Aberrant Tissue Spectra,” filed Mar. 9, 2007, which is herein
incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates generally to medical
devices and, more particularly, to the determination of place-
ment of a medical device.

[0004] 2. Description of the Related Art

[0005] 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.
[0006] 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 scattering of the
transmitted or reflected light in such tissue. The physiological
characteristics of interest may then be calculated based upon
the amount of light absorbed and/or scattered or based upon
changes in 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.
[0007] 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 flow charac-
teristics, such as the blood-oxygen saturation of hemoglobin
in arterial blood, the volume of individual blood pulsation
supplying the tissue, and/or the rate of blood pulsations cor-
responding to each heart beat of a patient. Such physiological
information allows doctors and other health care personnel to
provide the best possible health care for their patients.
[0008] In processing a signal received by a pulse oximeter
sensor, or any other non-invasive sensor utilizing similar data
acquisition principles, the quality of the signal is typically
dependent on the sensor making proper contact with the tis-
sue. The sensor may be misplaced on the patient, or jostled or
bumped, thereby affecting the contact of the sensor with the
patient’s tissue. In such instances, or in other circumstances
where there may be poor contact between the sensor and the
skin, light that otherwise might provide useful information
may escape to the environment and never be detected or it

Dec. 20,2012

may reach the light detection mechanism without passing
through the patient’s tissue, effectively providing no physi-
ological information while reducing signal quality. Such lost
or degraded information regarding the physiological charac-
teristic, such as blood oxygen saturation, may result in an
inaccurate indication of the patient’s condition being pro-
vided to a health care provider.

SUMMARY

[0009] 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 ofthe 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.
[0010] There is provided a method for determining contact
of a sensor with a patient’s tissue that includes: emitting light
at three or more wavelengths into a patient’s tissue, wherein
the three or more wavelengths includes a first wavelength that
is not used to determine a physiological characteristic of the
patient light; detecting the light; comparing the intensity of
the detected light at the first wavelength to a threshold; and
determining if the sensor is in contact with the patient’s tissue
based on the comparison.

[0011] There is also provided a method for correcting light
shunting that includes: emitting light at three or more wave-
lengths into a patient’s tissue, wherein the three or more
wavelengths includes a first wavelength that is not used to
determine a physiological characteristic of the patient light;
detecting the light with at least one detector disposed on the
sensor body; comparing the intensity of the detected light at
the third wavelength to a threshold; and determining the
amount of light shunting between the at least one emitter and
the at least one detector based on the comparison.

[0012] A monitor is provided. The monitor includes: an /O
port configured to connect a sensor; and a processor config-
ured to execute an algorithm configured to compare a wave-
length of detected light to a threshold, wherein the wave-
length is not used to determine a physiological characteristic
of the patient, and an algorithm configured to determine if a
sensor is in contact with the patient’s tissue based on the
comparison.

[0013] A sensor is provided. The sensor includes: one or
more light emitting components configured to emit light at
three or more wavelengths, wherein at least one of the wave-
lengths is not used to determine a physiological characteristic
butis used to determine the sufficiency of contact between the
sensor and the tissue of a patient; one or more light detecting
components configured to detect the light emitted by the one
or more light emitting components; and a sensor body upon
which the one or more light emitting components and the one
or more light detecting components are disposed

[0014] A sensorassembly is provided. The sensor assembly
includes: a sensor body;

an emitter configured to emit light at three or more wave-
lengths into a patient’s tissue; a detector configured to detect
the light; and a monitor configured to execute an algorithm
configured to compare a wavelength of detected light to a
threshold, wherein the wavelength is not used to determine a
physiological characteristic of the patient, and an algorithm
configured to determine if a sensor is in contact with the
patient’s tissue based on the comparison.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Advantages of the invention may become apparent
upon reading the following detailed description and upon
reference to the drawings in which:

[0016] FIG. 1 illustrates a block diagram of a sensor and
patient monitoring system in accordance with an exemplary
embodiment of the present invention;

[0017] FIG. 2 illustrates a patient monitoring system
coupled to a multi-parameter patient monitor and a reflec-
tance-type forehead sensor, in accordance with aspects of the
present technique;

[0018] FIG. 3 illustrates the reflectance-type forehead
patient sensor of FIG. 2 in use on a patient’s forehead, in
accordance with aspects of the present technique;

[0019] FIG.4isa flowchart depicting exemplary actions for
determining contact of a sensor with a patient’s tissue, in
accordance with the present technique; and

[0020] FIG.5isa flowchart depicting exemplary actions for
correcting light shunting in a sensor, in accordance with the
present technique.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

[0021] 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.

[0022] Itis desirable to provide a method for determining if
a sensor, such as for use in pulse oximetry or other applica-
tions utilizing spectrophotometry, is in contact with a
patient’s tissue. Further, it is also desirable to provide a
method for estimating the amount of light shunting in such a
sensor and to use the estimated amount of light shunting to
correct sensor measurements. In accordance with some
aspects of the present technique, a patient sensor and monitor
are provided that are configured to determine if the sensor is
in suitable contact with the patient’s tissue. If the sensor is not
in suitable contact, a notification may be provided to a clini-
cian or operator, allowing the clinician or operator to correct
the lack of suitable contact.

[0023] Prior to discussing the present technique in detail, it
should be appreciated that exemplary acts of the present
technique are typically implemented in a patient monitoring
system including a sensor for attachment to a patient. For
example, FIG. 1 illustrates a block diagram of a sensor and
patient monitoring system 10 in accordance with an exem-
plary embodiment of the present approach. The system 10 is
exemplary and an actual implementation may include more or
fewer components as needed for a specific application for
which the system 10 is to be used, such as for pulse oximetry
applications. The system 10 includes a sensor assembly 12 for
attachment to a patient 16. In an exemplary embodiment, the
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sensor assembly 12 includes an emitter 14 configured to emit
electromagnetic radiation, such as light, into the tissue of the
patient 16. The electromagnetic radiation is scattered and/or
absorbed by the various constituents of the patient’s blood
and/or tissues. A photoelectric detector 18 in the sensor 12 is
configured to detect the scattered and/or reflected light and to
generate a corresponding electrical signal. In the depicted
exemplary embodiment, the electrical signal is provided to a
spectrophotometric monitor 20, such as a pulse oximetry or
multi-parameter monitor, such as those available from Nell-
cor Puritan Bennett, Inc.

[0024] In the depicted embodiment, the spectrophotomet-
ric device or patient monitor 20 has a microprocessor 22
which calculates various patient parameters, characteristics,
and/or other metrics using algorithms programmed into the
monitor 20. The microprocessor 22 is connected to other
component parts of the monitor 20, suchasa ROM 26, aRAM
28, and control inputs 30. In certain embodiments, the ROM
26 holds the algorithms used to compute the patient param-
eters, characteristics, and/or metrics. The RAM 28 stores the
values detected by the detector 18 for use in the algorithms.
[0025] In some embodiments, one or more control inputs
30 allow a user to interface with the spectrophotometric
monitor 20. Patient data may be entered, such as gender,
weight, age and medical history data. This information may
be used to validate the baseline measurements or to assist in
the understanding of anomalous readings. The control inputs
30 may include soft keys, dedicated function keys, keyboard,
and/or keypad type interfaces for providing parameters, data
or instructions to the monitor 20. In certain embodiments, the
control input 30 may also include speech or tone recognition
or other audio command input type devices.

[0026] Signals are passed from the sensor 12 to the spec-
trophotometric monitor 20 for processing. In one embodi-
ment, the signals are amplified and filtered by amplifier 32
and filter 34, respectively, before being converted to digital
signals by an analog-to-digital converter 36. The signals may
then be used to determine the patient parameters, character-
istics, and/or metrics and/or stored in RAM 28.

[0027] A light drive unit 38 in the spectrophotometric
monitor 20 controls the timing of the emitters 14. While the
emitters 14 are manufactured to operate at one or more certain
wavelengths, variances in the wavelengths actually emitted
may occur which may result in inaccurate readings. To help
avoid inaccurate readings, an encoder 40 and decoder 42 may
be used to calibrate the spectrophotometric monitor 20 to the
actual wavelengths emitted by the emitters 14. The encoder
40 may be a resistor, for example, whose value corresponds to
coeflicients stored in the spectrophotometric device 20. The
coefficients may then be used in the algorithms. Alternatively,
the encoder 40 may also be a memory device, such as an
EPROM, that stores information, such as the coefficients
themselves. Once the coefficients are determined by the spec-
trophotometric monitor 20, they are inserted into the algo-
rithms in order to calibrate the system 10.

[0028] The spectrophotometric monitor 20 may be config-
ured to display the calculated values, such as blood oxygen
saturation, tissue hydration, and so forth, on display 44. The
display 44 may show the calculated values numerically and/
or as a waveform over time. Additionally, any notifications or
alerts prompted by abnormal measurements or calculated
values or by poor contact between the sensor and the patient’s
tissue, as discussed below, may be displayed on the display
44.
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[0029] Referring now to FIG. 2, the sensor 12, which may
be a pulse oximetry or other spectrophotometric sensor such
as aspectrophotometric sensor available from Nellcor Puritan
Bennett, Inc., is shown as an exemplary reflectance-type fore-
head sensor for use in conjunction with a patient monitor 20.
In the depicted embodiment, a sensor cable 46 connects the
sensor 12 to the patient monitor 20. As will be appreciated by
those of ordinary skill in the art, the sensor 12 and/or the
sensor cable 46 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
patient monitor 20. For example, as described above, the
sensor 12 or the cable 46 may include an encoder 40 for
storing values or identifying information which may be used
by the monitor 20 in operation. Likewise the sensor cable 46
may be an adaptor cable, with or without an integrated circuit
or electrical device, for facilitating communication between
the sensor 12 and various types of monitors, including older
or newer versions of the patient monitor 20 or other physi-
ological monitors. The cable 46 may be permanently coupled
to the sensor 12, or it may be removably coupled to the sensor
12—the latter alternative being more useful and cost efficient
in situations where the sensor 12 is disposable.

[0030] As will be appreciated by those of ordinary skill in
the art, the sensor cable 46 is typically used to transmit control
or timing signals from the monitor 20 to the sensor 12 and/or
to transmit acquired data from the sensor 12 to the monitor 20.
In other embodiments, the sensor 12 and the patient monitor
20 may communicate via wireless means, such as using radio,
infrared, or optical signals. In such embodiments, a transmis-
sion device (not shown) may be connected to the sensor 12 to
facilitate wireless transmission between the sensor 12 and the
patient monitor 20.

[0031] Inoneembodiment, the patient monitor 20 may be a
suitable pulse oximeter, such as those available from Nellcor
Puritan Bennett Inc. In other embodiments, the patient moni-
tor 20 may be a monitor suitable for measuring tissue hydra-
tion, glucose levels, or other blood or tissue related metrics,
using spectrophotometric or other techniques. Furthermore,
the monitor 20 may be a multi-purpose monitor suitable for
performing pulse oximetry and measurement of tissue hydra-
tion, or other combinations of physiological and/or biochemi-
cal monitoring processes, using data acquired via the sensor
12. Furthermore, to supplement the monitoring functions pro-
vided by the monitor 20, the monitor 20 may be coupled to a
multi-parameter patient monitor 48 via a cable 50 connected
to a sensor input port and/or via a cable 52 connected to a
digital communication port.

[0032] The exemplary sensor 12 depicted in FIGS. 1-3
includes an emitter 14 and a detector 18, as discussed with
regard to FIG. 1, which may be of any suitable type. For
example, the emitter 14 may be one or more light emitting
diodes adapted to transmit one or more wavelengths of light,
such as in the red to infrared range, and the detector 18 may be
one or more photodetectors, such as a silicon photodiode
package, selected to receive light in the range emitted from
the emitter 14. The type and number of detectors 24 present in
the sensor 12 may depend on how many and what wave-
lengths are emitted by the emitter 14.

[0033] The exemplary sensor 12 described with regard to
FIGS. 1-3 is depicted as a reflectance-type sensor for use in
pulse oximetry or other spectrophotometric applications,
though in some embodiments of the present technique it may
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instead be configured for use as a transmission-type sensor.
Transmission-type sensors include an emitter 14 and detector
18 that are typically placed on opposing sides of the sensor
site. During operation, the emitter shines one or more wave-
lengths of light through the patient’s fingertip or other tissue,
and the light received by the detector is processed to deter-
mine the desired physiological characteristics of the patient.
[0034] Reflectance-type sensors include an emitter 14 and
detector 18 that are typically placed on the same side of the
sensor site, as generally depicted with regard to FIGS. 1-3.
During operation, the emitter shines one or more wavelengths
of light into the patient’s tissue. A certain amount of the light
is eventually reflected back toward the tissue surface where it
is detected by the detector and processed to determine the
desired physiological characteristics of the patient. For sim-
plicity, the exemplary embodiment of the sensor 12 described
herein is adapted for use as a reflectance-type sensor. As will
be appreciated by those of ordinary skill in the art, however,
such discussion is merely exemplary and is not intended to
limit the scope of the present technique.

[0035] For pulse oximetry applications using either trans-
mission or reflectance type sensors, the oxygen saturation of
the patient’s arterial blood may be determined using two or
more wavelengths of light, most commonly red and near
infrared wavelengths. Similarly, in other applications, tissue
hydration (or other body fluid related metric) or a concentra-
tion of one or more biochemical components in an aqueous
environment may be measured using two or more wave-
lengths of light, most commonly near infrared wavelengths
between about 1,000 nanometers to about 2,500 nanometers.
It should be understood that, as used herein, the term “light”
may refer to one or more of radio wave, millimeter wave,
microwave, infrared, visible, ultraviolet, or even X-ray elec-
tromagnetic radiation, and may also include any wavelength
within the radio wave, millimeter wave, microwave, infrared,
visible, ultraviolet, or X-ray spectra.

[0036] Pulse oximetry and other spectrophotometric sen-
sors, whether transmission-type or reflectance-type, are typi-
cally placed on a patient in a location conducive to measure-
ment of the desired physiological parameters. Common pulse
oximetry sensor sites include a patient’s fingertips, toes, fore-
head, or earlobes. Regardless of the placement of the sensor
12, the reliability of the spectrophotometric measurement is
related to the accurate detection of transmitted or reflected
light that has passed through the patient’s tissue and has not
been inappropriately supplemented by outside light sources
or modulated by subdermal anatomic structures. Such inap-
propriate supplementation and/or modulation of the light
emitted by the sensor 12 can cause variability in the resulting
spectrophotometric measurements. Therefore, to ensure
accurate detection of the transmitted or reflected light, the
sensor 12 should remain in contact with the patient’s tissue.
Failure to do so can result in inaccurate measurement of the
desired physiological characteristics.

[0037] Another factor that may affect the sensor’s reliabil-
ity is the occurrence of light shunting. As discussed above, the
accurate detection of transmitted or reflected light is related to
the reliability of the pulse oximetry measurement. Light
shunting occurs when light emitted from the emitter 14 in the
sensor 12 arrives at the detector 18 without first having trav-
eled through the patient’s tissue. The light shunting may
cause measurement variations that do not relate to the amount
of blood or tissue constituent and, therefore, may lead to
inaccurate measurements. Light shunting may be minimized
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by ensuring adequate contact between the sensor 12 and the
patient’s tissue. However, in the event light shunting occurs,
the effects of light shunting may be corrected using the tech-
niques described herein.

[0038] Turning now to FIG. 3, the exemplary reflectance-
type sensor 12 is shown fitted to the forehead 54 of a patient
55. Further, as discussed above, the sensor 12 is connected to
the monitor 20 by a sensor cable 46. The physical connection
of the sensor 12 to the monitor 20 by the sensor cable 46 and
the mechanism of attachment to the forehead 54 (such as
adhesives, bandages, and so forth) may cause or allow the
sensor 12 to be moved relative to the measurement site, 1.e.,
forehead 54, due to incidental motion of the patient 55 or of
nearby medical personnel. Additionally, the sensor 12 may be
mistakenly removed by the patient 55 or medical personnel.
The present technique provides exemplary acts to determine
if the sensor 12 is in suitable contact with the patient’s tissue,
such as the patient’s forchead 54.

[0039] As noted above, for spectrophotometric applica-
tions measuring blood or tissue constituent levels, contact
between the sensor 12 and the intended tissue bed is impor-
tant. In one embodiment of the present technique, the pres-
ence of water, which is an abundant component of virtually all
tissue beds to which an optical sensor is typically applied, is
used to determine whether the sensor 12 is in suitable contact
with the tissue. In such an embodiment, the emitter 14 emits
light at a wavelength at which water is generally opaque, so
that light emitted at the wavelength is generally not reflected
through the tissue when the sensor is in suitable contact with
the tissue. Typically the light emitted at the water-opaque
wavelength is in addition to the wavelengths employed for
measuring the physiological characteristic of interest, such as
blood oxygen saturation.

[0040] In such an embodiment, suitable contact between
the sensor 12 and the tissue may be indicated by the general
absence of light at the water-opaque wavelength at the detec-
tor 18 due to the absorption of light at that wavelength by the
tissue. Conversely, insufficient contact between the sensor 12
and the tissue may be indicated by an unexpectedly high
measurement of light at the water-opaque wavelength at the
detector 18. For example, in a situation where the sensor 12 is
in poor contact with the tissue, an unexpectedly high mea-
surement of light at the water-opaque wavelength may be
observed at the detector 18 (such as due to reflection of the
light off of the tissue surface or multiple reflections between
the tissue surface and the sensor interior) compared to a
situation where the sensor 12 is in good contact with the
tissue.

[0041] A typical water absorption band used in an exem-
plary sensor embodiment is between about 1,200 nanometers
to about 1,600 nanometers, but additional wavelengths and
absorption bands may also be used. The wavelengths of the
emitted light may be selected based upon the absorption
bands of any desired blood or tissue constituents. Further, the
absorption band, and therefore the choice of light sources in
the emitter 14, may be chosen based upon the expected or
average optical path length, i.e. the distance between the
emitter 14 and the detector 18, when the sensor 12 is posi-
tioned on a patient.

[0042] Forexample, an emitter 14 may emit light at a water-
opaque wavelength between about 1,400 nanometers to about
1,600 nanometers in an implementation where the emitter 14
and detector 18 are separated by about 2.5 mm to about 4.5
mm. In other embodiments, the light emitted at the additional
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water-opaque wavelength may be in the wavelength range
between about 1,200 nanometers to about 1,400 nanometers
or between about 1,870 nanometers to about 2,000 nanom-
eters. For example, in implementations where the emitter 14
and detector 18 are about 10 mm apart from one another (as is
typically observed where transmission-type oximetry sensors
are employed on a finger), the additional water-opaque wave-
length may be between about 1,200 nanometers to about
1,400 nanometers. Light in this wavelength range is more
penetrating of water and is, therefore, more likely to be
detectable across the greater optical path length.

[0043] As will be appreciated by those of ordinary skill in
the art, selection of a suitable wavelength for the additional
wavelength may be based upon the desired amount of detect-
able signal at the detector 18, the tissue constituent (such as
water) which is to be generally opaque to the light, and/or the
expected optical path length. Longer, less penetrating wave-
lengths may be chosen based on a combination of the opacity
of water, the optically dominant blood or tissue component,
and the expected optical path length. For example, a longer
wavelength may be used when less penetration of the tissue at
the sensor site 1s desired, such as in embodiments where a
reflectance-type sensor 12 is used on the forehead such that
the emitter and detector have a relatively short optical path
length.

[0044] Thepreceding examples relate to the use of water as
the tissue constituent used to assess sensor placement. How-
ever, one of ordinary skill in the art will recognize that water
is only one example and that virtually any tissue constituent
may be utilized if the constituent is present in sufficient quan-
tities at the sensor site so as to absorb light and if a suitable
wavelength can be identified for which the constituent is
substantially opaque. For example, hemoglobin and/or myo-
globin may be satisfactory tissue constituents for use in accor-
dance with the present technique as they are present through-
out the body and have the desired optical traits. In this
example, a wavelength in the range of about 500 nm to about
600 nm, where hemoglobin or myoglobin may be the domi-
nant optical absorbers, may be used to verify that a sensor 12
is in contact with tissue containing adequate quantities of
these analytes.

[0045] The preceding discussion has related examples of
tissue constituents that may be employed in accordance with
the present technique and exemplary wavelengths that may be
absorbed by these constituents. The use of these wavelengths
in assessing sensor contact is now discussed. For example, in
one implementation water is the tissue constituent of interest
and light is emitted by the sensor 12 at a water-opaque wave-
length of about 1,480 nanometers. In this implementation,
when the sensor 12 is in suitable contact with the patient 16,
the amount of light measured by the detector 18 at this water-
opaque wavelength is less than or equal to about two percent
of areference intensity measurement taken using a water-free
substance at the same light wavelength. In other words, in
such an implementation, the reference intensity measurement
at the same wavelength in the absence of water is fifty times
the intensity of the light detected when the sensor 12 is in
sufficient contact with the tissue. Therefore, in such an imple-
mentation with suitable sensor-tissue contact, the water
within the intervening tissue between the emitter 14 and
detector 18 absorbed approximately ninety-eight percent or
more of the emitted light having a wavelength of 1,480
nanometers relative to a comparable water-free volume.
However, for sensor placements where the sensor 12 is not in
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good contact with the tissue, the amount of light at 1,480
nanometers reaching the detector 18 may be roughly ten
times greater than the amount of light reaching the detector
when there is sufficient sensor contact. In other words, the
intensity of light at the water-opaque wavelength is 20% of
the reference intensity of light at the same wavelength mea-
sured in a comparable water-free volume.

[0046] Thus, in such an implementation, observation of an
unexpectedly high amount of light at a water-opaque fre-
quency, such as 1,480 nanometers, may be used to determine
the sufficiency of sensor-tissue contact. For example, the
amount of light detected by the detector 18 at the water-
opaque wavelength (assuming water is the tissue constituent
being assessed) may be compared to a threshold value to
determine sensor contact sufficiency. For example, such a
threshold may be empirically set according to the observa-
tions described above, i.e., as a ratio or multiple of the inten-
sity of the detected light at the water-opaque wavelength to a
reference intensity measurement taken from a water-free sub-
stance at the same water-opaque wavelength. In one such
example, a threshold is set such that light detected at the
water-opaque wavelength that is greater than or equal to 20%
of areference intensity measurement at that same wavelength
may indicate that the sensor 12 is not in good contact with the
tissue of the patient 16. Other ratios, such as 30%, 40%, 50%,
and so forth, may be employed. As will be appreciated, the
selection of the threshold, whether selected empirically or as
a fraction or ratio of a reference intensity measurement, will
generally determine the sensitivity of the system in assessing
the sufficiency of sensor placement and may be selected
based on the desired sensitivity. Any fraction or ratio up to or
including 100% of a reference intensity measurement may be
used depending on the desired sensitivity of the system. Other
factors that may be considered in establishing the threshold
include the risk tolerance for false-positive and false-negative
results and/or the time sensitivity between when a sensor 12
begins to lose sufficient contact and when a notification is
provided.

[0047] As will be appreciated, thresholds based on the ref-
erence intensity measurements taken using a water-free sub-
stance may be generated before and/or during the monitoring
session. Alternatively, the thresholds may be stored in a
memory component, such as encoder 40, ROM 26, and/or
RAM 28, of the sensor 12, the monitor 20 or 48, and/or the
cable 46. In such an implementation, the thresholds may be
stored in the memory component at the time of manufacture
of the respective component or after manufacture, such as at
the time of first use of the sensor 12. In addition, the thresh-
olds stored in the memory component may be updated, if
desired, at subsequent fixed time or usage intervals.

[0048] In another embodiment, the threshold may not be
determined from an intensity measurement of a water-free
substance at the same water-opaque wavelength as described
above. For example, the amount of light at a water-opaque
wavelength reaching the detector 18 may instead be com-
pared to the amount of light at a different reference wave-
length reaching the detector 18. In such an implementation,
the reference wavelength may be less opaque, i.e., more pen-
etrating, relative to water and may be measured concurrently
or alternatingly on the same tissue as the water-opaque wave-
length of light. In one such embodiment, the reference wave-
length may be one of the wavelengths employed in measure-
ment of physiological characteristics using the sensor 12,
such as a red or near infrared wavelength. In this manner, the
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ratio of the intensity of the detected light at the water-opaque
wavelength relative to the intensity of the detected light at the
reference wavelength provides an indication of the quality of
sensor contact with the patient’s tissue. For example, if the
sensor 12 is in good contact with the patient’s tissue, the
intensity of the detected light at the water-opaque wavelength
may only be two percent of the intensity of the detected light
at a red or near infrared wavelength that has been absorbed
and reflected back to the detector 18. If, however, the sensor
is not in good contact with the patient’s tissue, most of the
light at the water-opaque wavelength will not be absorbed by
the water in the patient’s tissue and may instead be reflected
to the detector 18. In this case the ratio of the intensity of the
detected light at the water-opaque wavelength to the intensity
of the detected light at the reference red or near infrared
wavelengths will be much greater.

[0049] As aresult, an amount of light detected at the water-
opaque wavelength that is too high relative to the light
detected at a reference visible or infrared wavelength may be
used as a threshold. For example, if the amount of light
detected at the water-opaque wavelength is expected (such as
due to empirical analysis or experience) to be 5% of the light
detected at a reference wavelength, a threshold may be estab-
lished at the expected ratio, i.e., 5%, or at some value greater
than the expected ratio, such as 8%, 10%, 15%, and so forth.
In this manner, thresholds based on a reference wavelength
may be established that take time sensitivity and/or risk sen-
sitivity to false-negative and false-positive readings into
account. As will be appreciated, though use of a single visible
or infrared reference wavelength has been discussed for sim-
plicity, more than one reference wavelength may be
employed in assessing sensor contact sufficiency.

[0050] Forexample, in a pulse oximetry context, two addi-
tional wavelengths of light may be used in assessing the
physiological characteristics of interest. In such an imple-
mentation, one or both of the physiological wavelengths may
be employed in assessing sensor contact. For example, a
separate threshold may be employed relative to each physi-
ological wavelength or a single threshold may be employed
based on the aggregate light intensity for the combined physi-
ological wavelengths. As will be appreciated, in contexts
where multiple reference wavelengths are employed, the
comparisons, and related determinations of sensor contact
sufficiency, may be independent of one another, i.e., the light
detected at the water-opaque wavelength may be separately
and independently compared to each reference wavelength.
Alternatively, the comparisons may be combined, i.e., both
thresholds must be exceeded to generate anindication that the
sensor contact is insufficient, or may be hierarchical in nature,
i.e., the threshold associated with the second reference wave-
length is checked only after the threshold associated with the
first reference wavelength is exceeded. While the preceding
examples have related to the use of water as the tissue con-
stituent and of corresponding water-opaque wavelengths, as
noted previously, other constituents such as hemoglobin or
myoglobin may also be employed along with suitable wave-
lengths of light that are absorbed by the selected tissue con-
stituent.

[0051] With the preceding discussion in mind and referring
now to FIG. 4, exemplary acts for determining contact
between a sensor 12 and a patient’s tissue in accordance with
the present technique are depicted. The acts described in FIG.
4 may be performed with any configuration of sensor, i.e.,
transmission or reflectance sensors, and with different types
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of spectrophotometric monitoring systems, such as systems
for measuring blood oxygen saturation or tissue hydration.
For simplicity, however, the actions described with relation to
FIG. 4 are discussed with reference to an exemplary pulse
oximetry implementation.

[0052] Turning now to FIG. 4, the sensor 12 is placed on the
patient (block 60), such as attached onto a patient’s forehead
54. The emitter 14 emits light into the patient’s tissue (block
62). In addition to the red and near infrared wavelengths used
for pulse oximetry, a third wavelength of light is also emitted
which is different from those used in deriving pulse oximetry
measurements. As discussed above, the third wavelength of
light is absorbed by various blood or tissue constituents, such
as water, myoglobin, or hemoglobin. In one pulse oximetry
embodiment, the third wavelength is in the range of about
1,200 nanometers to about 1,400 nanometers, i.e. a water-
opaque wavelength. The reflected light from the emitter is
received by the detector (block 64) after absorption by blood
and tissue constituents. The intensity of the light detected at
the third wavelength is compared to a reference intensity
measurement or wavelength (block 66), as described above.
Based upon the comparison between the intensity of the
reflected light of the third wavelength and the reference, the
quality of the contact between the sensor and the patient’s
tissue may be determined (block 68).

[0053] Iftheratio of the intensity of the reflected light to the
reference intensity is below a threshold value, then the sensor
is determined to be in contact with the patient’s tissue. For
example, in one embodiment, the intensity of the reflected
light at the exemplary wavelength should be approximately
two percent or less of the reference intensity when the sensor
12 is in good contact with the patient, i.e., the threshold value
is two percent. Conversely, in this example, if the ratio of the
intensity of the reflected light to the reference intensity is
above the threshold value, the sensor is determined to not be
in adequate contact with the patient’s tissue. For example, in
various respective embodiments, if the intensity of the
reflected light at the exemplary water-opaque wavelength is
more than 20%, 40%, or 50% greater than the intensity of the
reflected light at sufficient sensor contact, the sensor 12 is
determined to have poor contact with the patient’s tissue.

[0054] Ifthe sensoris determined to beingood contact with
the patient’s tissue, monitoring continues and no notification
(or a positive indication of suitable contact) is provided to a
technician or clinician. If the sensor is determined not to be in
good contact with the patient’s tissue, a notification is pro-
vided to the technician or clinician (block 72). The notifica-
tion may be audio, visual, or both, and may be displayed on
the sensor 12, patient monitor 20, or multi-parameter monitor
48. Following this notification, the operator may attempt to
reattach or reposition the sensor (block 74) to achieve suitable
sensor contact. Once the sensor is repositioned or reattached,
monitoring may be resumed.

[0055] In other embodiments of the present technique, a
measure of light shunting may be determined instead of or in
addition to an indication of sensor contact. For example,
turning to FIG. 5, exemplary acts for determining the amount
of light shunting in accordance with the present technique are
depicted. The acts described in FIG. 5 may be performed in
any configuration of the sensor and monitor system, including
transmission and reflectance sensors and measurement of
different physiological characteristics such as blood oxygen
saturation or tissue hydration. For the purpose of illustration,
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an exemplary pulse oximetry implementation will be
described, though other monitoring applications are also
encompassed.

[0056] The sensor is first placed on the patient (block 80),
such as attached onto a patient’s forehead 54 using a suitable
sensor 12 as described above. The emitter 14 emits light into
the patient’s tissue (block 82). In addition to the red and near
infrared wavelengths used for pulse oximetry, a third wave-
length of light is also emitted which is different from those
used in deriving pulse oximetry measurements. As discussed
above, in one embodiment, the third wavelength is in the
range of about 1,200 nanometers to about 1,400 nanometers,
i.e.a water-opaque wavelength. The reflected light ofthe third
wavelength is received by the detector (block 84) after
absorption by blood and tissue constituents. The percentage
of reflected light of the third wavelength received at the detec-
tor 18 is compared to a reference value (block 86). In one
embodiment, the reference value is the intensity of reflected
light absorbed under normal conditions, i.e. with no light
shunting. The reference value may be the intensity of
reflected light at the same wavelength in the absence of shunt-
ing or the reference value may be taken at a different wave-
length with a known absorption relationship to the third wave-
length. From this comparison, the amount of light shunting is
determined (block 88).

[0057] Forexample, the observed reflected light at the third
wavelength may be approximately 99.2% absorbed and the
normal absorption as determined by the reference absorption
measurement may be approximately 99.8%. The difference
between the two percentages corresponds to the amount of
light shunting occurring during operation of the sensor under
the present conditions. The estimated amount of light shunt-
ing can be subtracted or otherwise compensated for in the
reflected light measurements at other wavelengths (block 90),
such as the reflected light measurements received in the red
and near infrared wavelengths used in a pulse oximetry sen-
sor. For example, the light shunting at the exemplary water-
opaque wavelength may be proportional to the light shunting
at the visible or infrared wavelengths in a one-to one relation-
ship or in some other empirically determined scaled relation-
ship. The desired physiological characteristics, such as blood
oxygen saturation, can be determined from the reflected light
measurement at the other wavelengths emitted by the sensor
corrected for the amount of light shunting observed at the
third wavelength. Those skilled in the art will appreciate that
subtracting or otherwise compensating for shunted light at
these other wavelengths may involve rescaling the measured
shunt at the third wavelength, based on factors such as emitter
or detector efficiency or the optical reflective properties of
skin or of the sensor interior.

[0058] 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 s 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 and other sen-
sor designs as well. Likewise, the present techniques are not
limited to use on fingers and toes but may also be applied to
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placement on other body parts such as in embodiments con-
figured for use on the ears, nose, or forechead.

What is claimed is:

1. A method for correcting light shunting, comprising:

emitting light at three or more wavelengths from at least
one emitter of a sensor into a patient’s tissue, wherein
the three or more wavelengths includes a first wave-
length that is not used to determine a physiological char-
acteristic of the patient;

detecting the light with at least one detector of the sensor;

comparing the intensity of the detected light at the first
wavelength to a threshold; and

determining the amount of light shunting between the at
least one emitter and the at least one detector based on
the comparison.

2. The method of claim 1, comprising correcting the inten-
sity of the detected light at one or more of a second wave-
length or a third wavelength based on the amount of light
shunting.

3. The method of claim 2., wherein correcting the intensity
comprises subtracting the amount of light shunting from the
intensity of the detected light at the second wavelength or the
third wavelength.

4. The method of claim 2, comprising determining a physi-
ological characteristic based upon the corrected intensity of
the detected light at the second or third wavelengths.

5. The method of claim 1, wherein comparing the intensity
comprises comparing a ratio of the intensity of the detected
light at the first wavelength 1o a reference intensity of light at
the first wavelength to the threshold.

6. The method of claim 1, wherein comparing the intensity
comprises comparing a ratio of the intensity of the detected
light at the first wavelength to a reference intensity of light at
a different wavelength to the threshold.

7. The method of claim 1, wherein the first wavelength is
primarily absorbed by water.

8. The method of claim 7, wherein the first wavelength of
the detected light is between about 1200 nanometers to about
1600 nanometers.

9. The method of claim 1, wherein the sensor comprises a
sensor configured to measure tissue hydration.

10. The method of claim 1, wherein the sensor comprises a
pulse oximetry sensor.

11. The method of claim 1, determining if the sensor is in
contact with the patient’s tissue based on the comparison.

12. A patient monitor, comprising;

a port configured to connect to a sensor;

a processor configured to receive signals from the port and
to use the signals when executing an algorithm config-
ured to compare an intensity of a first wavelength of
detected light to a threshold, wherein the first wave-
length is not used to determine a physiological charac-
teristic of a patient, and wherein the processor is also
configured to execute a second algorithm configured to
determine an amount of light shunting between at least
one emitter of the sensor and at least one detector of the
sensor based on the comparison.

13. The patient monitor of claim 12, wherein the algorithm
comparing the intensity is configured, when executed by the
processor, to compare a ratio of the intensity of the first
wavelength of the detected light to a reference intensity of
light at the first wavelength to the threshold.
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14. The patient monitor of claim 12, wherein the algorithm
comparing the intensity is configured, when executed by the
processor, to compare a ratio of the intensity of the first
wavelength of the detected light to a reference intensity of
light at a different wavelength to the threshold.

15. The patient monitor of claim 12, wherein the first
wavelength is configured to be primarily absorbed by water.

16. The patient monitor of claim 12, wherein the first
wavelength is configured to be primarily absorbed by myo-
globin or hemoglobin.

17. The patient monitor of claim 12, wherein the processor
is configured to execute a third algorithm to determine if the
sensor is in contact with the patient’s tissue based on the
comparison.

18. A sensor, comprising:

one or more light emitting components configured to emit

light at three or more wavelengths;

one or more light detecting components configured to

detect the light emitted by the one or more light emitting
components, wherein at least one of the wavelengths is
not used to determine a physiological characteristic but
is used to determine an amount of light shunting
between the one or more light emitting components and
the one or more light detecting components based on a
comparison between an intensity of detected light at the
at least one wavelength and a threshold value;

an information encoding element that encodes the thresh-

old value that corresponds with the at least one wave-
length, wherein the threshold value, when provided to a
monitor, permits the monitor to execute the comparison;
and

a sensor body upon which the one or more light emitting

components, the one or more light detecting compo-
nents, and the information encoding element are dis-
posed.
19. The sensor of claim 18, wherein the at least one wave-
length is configured to be primarily absorbed by water.
20. The sensor of claim 18, wherein the at least one wave-
length is configured to be primarily absorbed by myoglobin
or hemoglobin.
21. A patient monitoring system, comprising:
a sensor comprising;
an emitter configured to emit light at three or more
wavelengths into a patient’s tissue; and

a detector configured to detect the light; and

amonitor configured to execute an algorithm configured to
compare an intensity of a wavelength of detected light to
a threshold, wherein the wavelength is not used to deter-
mine a physiological characteristic of the patient, and a
second algorithm configured to determine an amount of
light shunting between the emitter and the detector
based on the comparison.

22. The patient monitoting system of claim 21, wherein the
algorithm comparing the intensity is configured, when
executed by the monitor, to compare a ratio of the intensity of
the wavelength of the detected light a reference intensity of
light at the wavelength to the threshold.

23. The patient monitoring system of claim 21, wherein the
algorithm comparing the intensity is configured, when
executed by the monitor, to compare a ratio of the intensity of
the wavelength of the detected light to a reference intensity of
light at a different wavelength to the threshold.
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