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(57) ABSTRACT

A clip-style sensor may be constructed from materials
having shape memory. A clip-style sensor is provided that is
able to be flattened in order to simplify transport and storing.
The sensors may be held flat by shipping restraints. Such a
sensor is able to recover from being flattened and resume a
curved shape.
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MEDICAL SENSOR AND TECHNIQUE FOR USING
THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates generally to medical
devices and, more particularly, to sensors used for sensing
physiological parameters of a patient.

[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 inven-
tion. Accordingly, it should be understood that these state-
ments 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. Accordingly, a wide variety of devices have been
developed for monitoring many such physiological charac-
teristics. Such devices provide doctors and other healthcare
personnel with the information they need to provide the best
possible healthcare for their patients. As a result, such
monitoring devices have become an indispensable part of
modem medicine.

[0006] One technique for monitoring certain physiological
characteristics of a patient is commonly referred to as pulse
oximetry, and the devices built based upon pulse oximetry
techniques are commonly referred to as pulse oximeters.
Pulse oximetry may be used to measure various blood flow
characteristics, such as the blood-oxygen saturation of
hemoglobin in arterial blood, the volume of individual blood
pulsations supplying the tissue, and/or the rate of blood
pulsations corresponding to each heartbeat of a patient. In
fact, the “pulse” in pulse oximetry refers to the time varying
amount of arterial blood in the tissue during each cardiac
cycle.

[0007] Pulse oximeters typically utilize a non-invasive
sensor that transmits light through a patient’s tissue and that
photoelectrically detects the absorption and/or scattering of
the transmitted light in such tissue. One or more of the above
physiological characteristics may then be calculated based
upon the amount of light absorbed or scattered. More
specifically, the light passed through the tissue is typically
selected to be of one or more wavelengths that may be
absorbed or scattered by the blood in an amount correlative
to the amount of the blood constituent present in the blood.
The amount of light absorbed and/or scattered may then be
used to estimate the amount of blood constituent in the tissue
using various algorithms.

[0008] Conventional pulse oximetry sensors are either
disposable or reusable. Disposable sensors are typically
simple bandage-type structures attached to the patient with
adhesive materials, providing a contact between the
patient’s skin and the sensor components. However, their
flexible nature renders them susceptible to motion artifacts
caused by mechanical deformation of the sensor. Addition-
ally, the adhesives used to secure the bandage sensors are
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generally designed for a single application, as they tend to
lose adhesive strength when removed from the tissue for
repositioning of the sensor. The sensor adhesives may also
not adhere well to tissue that has blood or sweat on the
surface.

[0009] Reusable sensors are often semi-rigid or rigid clip-
type devices with three-dimensional geometry and moving
parts. The clips generally affix the sensor components to a
patient’s tissue with spring-loaded hinges designed to hold
the sensor in place after application. Clip-style pulse oxime-
ter sensors are used repeatedly and, typically, on more than
one patient. Therefore, over the life of the sensor, detritus
and other bio-debris (sloughed off skin cells, dried fluids,
dirt, and so forth) may accumulate on the surface of the
sensor or in crevices and cavities of the sensor, after repeated
uses. Thus, a thorough cleaning of a clip-style sensor may
involve disassembly of the sensor and individual cleaning of
the disassembled parts, or may involve careful cleaning
using utensils capable of reaching into cavities or crevices of
the sensor. Such cleaning is labor intensive and may be
impractical in a typical hospital or clinic environment.
Clip-style sensors with hinges or complex moving parts may
also be more expensive to manufacture and transport. For
example, a clip-style sensor with a complex structure and
moving parts may require extra protection during shipping.
Additionally, the complex structure of a clip-style sensor
prevents easy stacking of multiple sensors in a single
packaging system.

[0010] Although the clip-style sensor design provides a
familiar and easy-to-use device for affixing the sensor com-
ponents to a patient, the structure of the clip provides
cleaning, manufacturing, and packaging challenges. It
would be desirable to provide a clip-style pulse oximetry
sensor that is easy to manufacture and use and that also
provides suitable tissue contacting strength without complex
mechanical components.

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 pro-
vide the reader with a brief summary of certain forms that
the invention might take and that these aspects are not
intended to limit the scope of the invention. Indeed, the
invention may encompass a variety of aspects that may not
be set forth below.

[0012] There is provided a sensor that includes: a sensor
body comprising a material with shape memory, wherein the
sensor body is adapted to assume a substantially curved
configuration in the absence of a deforming force; and at
least one sensing element disposed on the sensor body.

[0013] There is also provided a pulse oximetry system that
includes: a pulse oximetry monitor; and a pulse oximetry
sensor adapted to be operatively coupled to the monitor, the
sensor including: a sensor body comprising a material with
shape memory, wherein the sensor body is adapted to
assume a substantially curved configuration in the absence
of a deforming force; and at least one sensing element
disposed on the sensor body.

[0014] There is also provided a sensor packaging system
that includes: a protective package having an interior to hold
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at least one sensor in its interior; and at least one sensor
having at least one sensing element, whereby the sensor
includes a material having shape memory and whereby the
sensor is restrained in a substantially planar position. The
sensor is adapted to be curved in the absence of a deforming
force.

[0015] There is also provided a method for packaging a
sensor that includes: providing a substantially curved sensor
body comprising at least one sensing element and a material
with shape memory; deforming the sensor body into a
substantially flat position; restraining the sensor body in the
substantially flat position with a removable restraining ele-
ment; and packaging the sensor in a packaging container.

[0016] There is also provided a method of manufacturing
a sensor that includes: providing a sensor body comprising
a material with shape memory, wherein the sensor body is
adapted to assume a substantially curved configuration in the
absence of a deforming force; and providing at least one
sensing element disposed on the sensor body.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Advantages of the invention may become apparent
upon reading the following detailed description and upon
reference to the drawings in which:

[0018] FIG. 1Aillustrates an embodiment of an exemplary
clip-style pulse oximetry sensor with a flat spring in the
memory configuration according to the present invention;

[0019] FIG. 1B illustrates the pulse oximetry sensor of
FIG. 1A in the planar configuration due to a deforming
stress;

[0020] FIG. 1C illustrates the pulse oximetry sensor of
FIG. 1A applied to a patient earlobe;

[0021] FIG. 2 illustrates an embodiment of an exemplary
pulse oximetry sensor in the memory configuration with a
shape memory wire;

[0022] FIG. 3A illustrates a perspective view of an exem-
plary pulse oximetry sensor in the planar configuration with
a breakable restraining element according to the present
invention;

[0023] FIG. 3B illustrates the pulse oximetry sensor of
FIG. 3A in the memory configuration after the restraining
element has been broken;

[0024] FIG. 4 illustrates a perspective view of an exem-
plary pulse oximetry sensor with a sliding restraining ele-
ment according to the present invention;

[0025] FIG. 5 illustrates a perspective view of an exem-
plary pulse oximetry sensor with an adhesive restraining
element according to the present invention;

[0026] FIG. 6 illustrates a cross sectional view of an
exemplary pulse oximetry sensor packaging system with
multiple pulse oximetry sensors according to the present
mvention; and

[0027] FIG. 7 illustrates a pulse oximetry system coupled
10 a multi-parameter patient monitor and a sensor according
to embodiments of the present invention.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

[0028] One or more specific embodiments of the present
invention will be described below. In an effort to provide a

Nov. 8, 2007

concise description of these embodiments, not all features of
an actual implementation are described in the specification.
1t 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
compliance with system-related and business-related con-
straints, which may vary from one implementation to
another. Moreover, it should be appreciated that such a
development effort might be complex and time consuming,
but would nevertheless be a routine undertaking of design,
fabrication, and manufacture for those of ordinary skill
having the benefit of this disclosure.

[0029] The present techniques provide an improved medi-
cal sensor for pulse oximetry or other spectrophotometric
uses. The sensor is constructed from a material with a shape
memory of a curvature or a bend, such that the material will
tend to return to its “memorized” shape if deformed there-
from. Thus, a sensor so constructed may have fewer parts, as
the spring force of the sensor is provided by the shape
memory material. Generally, such a sensor may provide
certain advantages for storage or shipping. For example,
when a sensor according to the present techniques is pack-
aged for shipping, it may be flattened and restrained in a
planar position that allows the sensors to be packaged
efficiently for transport. Because the sensor is made of a
material that has memory, when the restraints are removed
from the sensor, the sensor will revert to a curved shape that
provides sufficient spring force to affix the sensor to the
patient.

[0030] Sensors for pulse oximetry or other spectrophoto-
metric uses are typically placed on a patient in a location that
is normally perfused with arterial blood to facilitate mea-
surement of the desired blood characteristics, such as arterial
oxygen saturation measurement (SpQ,). Clip-style sensors
are often used on patient digits, earlobes, or nose bridges.
Such sensors rely on a spring force to hold the sensor in
place.

[0031] For the exemplary sensors described below, the
spring force is provided by a shape memory material.
Materials which possess the characteristic of having shape
memory are well known, and include certain metal alloys,
plastics, and polymers. Any suitable shape-memory materi-
als may be used, such as a nickel-titanium alloy (NiTi). One
such NiTi alloy is manufactured, for example, by Shape
Memory Applications, Inc., Santa Clara, Calif. A pulse
oximetry sensor made of such materials can be moved
between an original memory configuration to a deformed
configuration, and the sensor 10 may revert to the original
memory configuration under specified conditions. A sensor
10 constructed from a shape memory material may be
converted from the memory configuration to a deformed
configuration upon receiving a certain stimulus, such as
temperature change, electrical stimulation, or mechanical
force. The sensor 10 will be able to recover from the
deformed configuration to resume the original memory
configuration upon removal of the deforming stimulus. This
tendency towards reversion to the memory configuration
provides the spring force to affix the pulse oximetry sensor
10 to a patient.

[0032] In one such specific example, the sensor may be
made from a shape memory material that may undergo a
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phase transformation during application of a pure mechani-
cal load. In general, metallic shape-memory alloys, such as
NiTi, CuZnAl, and CuAlNi alloys, exhibit the property of
solid-to-solid phase transitions. Specifically, shape-memory
material is able to undergo a transformation from a solid
austenite state to a solid martensite state. The austenite state
generally exists at higher temperatures and is associated
with more order among the atoms of the alloy, while the
more atomically disordered martensite state exists at lower
temperatures.

[0033] A shape memory is “fixed” in a shape memory
material by holding the material in its desired memory shape
while heating it to a temperature beyond the transformation
temperature range that marks the phase change between the
austenite state and the martensite state. For example, certain
NiTi alloys are heated to approximately 500° C. to achieve
a state in which a memory configuration can be fixed. In
such a state, each titanium atom is surrounded by a cube of
nickel atoms. When the material is cooled through a trans-
formation temperature range after heating, the atoms adopt
the more disordered martensite state. Transformation tem-
peratures can vary widely depending on the composition of
the alloy, and may range from -195° C. to 100° C.

[0034] Although shape memory materials can undergo
temperature-induced shape recovery, they also may exhibit
a pseudo-elastic shape recovery without a change in tem-
perature under mechanical loads. As the transformation
between austenite and martensite is an atomic rearrange-
ment, mechanical loads may also trigger the atomic changes
that lead to the solid-to-solid phase transformation. When
the load is released the shape memory material in the
martensite state begins to transform back to austenite. Gen-
erally, a sensor made from shape memory materials
described herein experiences substantially complete shape
recovery at temperatures associated with normal use, such as
room temperatures in the range of 18° C.-25° C.

[0035] Clip-style pulse oximetry sensors that are con-
structed from materials with shape memory may take a
variety of forms. For example, FIGS. 1A-C illustrate a
sensor 10A adapted for use on a patient’s earlobe. The sensor
10A has a flat spring 12 that is constructed at least in part
from a shape memory material. The flat spring 12 is adapted
to house an emitter 14 and a detector 16. One with skill in
the art is aware that the emitter 14 and the detector 16 may
include wires (not shown) or other electrical connections
that allow the sensor 10A to communicate with a monitor, as
discussed in more detail herein. The sensor 10A may be
adapted to include grooves or channels for wires connected
to the emitter 14 and the detector 16, such that the wires may
be embedded in the sensor body. In other embodiments,
wires connected to the emitter 14 and the detector 16 may
run along the surface of the sensor body, either on a
tissue-contacting surface or a surface that does not contact
the tissue during use.

[0036] The sensor 10A shown in FIG. 1A is in its memory
configuration 18 (e.g., its undeformed austenitic state). The
flat spring 12 is shaped such that the radius of curvature of
the flat spring 12 is sufficient to provide suitable spring force
to attach the sensor 10A to a patient’s earlobe. The flat spring
12 in its memory configuration 18 can be readily straight-
ened by the application of manual force. When such force is
applied to the flat spring 12, at least part of the austenitic
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phase is converted to the martensitic phase so long as the
force is maintained. F1G. 1B illustrates a perspective view of
the planar configuration 20 of the sensor 10A after the
application of a deforming force. As soon as the deforming
force is removed, the sensor 10A then returns pseudoelas-
tically to its memory configuration 18, with part of the
martensitic phase converting back to the austenitic phase. As
shown in FIG. 1C, the sensor recovers from the planar
configuration 20 enough to provide suitable spring force to
attach the sensor to the patient’s earlobe 22.

[0037] Ttis contemplated that the radius of curvature of the
sensor 10A in the memory configuration 18 may be adjusted
to provide customized pressure to the patient’s earlobe. In
certain embodiments, the spring force that the flat spring 12
exerts on the earlobe provides sufficient pressure so that the
pressure exceeds the typical venous pressure of a patient, but
does not exceed the diastolic arterial pressure. As the pulse
oximetry measurements are related to arterial blood oxygen
saturation and pulsation, and not venous blood pulsation,
reducing the effect of the venous component in the tissue
may enhance the sensitivity of the sensor to variations in the
arterial blood signal. Thus, the sensor 10A may apply a
pressure greater than the venous pressure to squeeze excess
pooled venous blood from the optically probed tissue. Yet,
since the pressure applied by the sensor 10A is designed to
be less than the arterial pressure, the application of pressure
to the tissue does not interfere with the arterial pulse signal.
Typical venous pressure, diastolic arterial pressure, and
systolic arterial pressure are less than 10-35 mmHg, 80
mmHg, and 120 mmHg, respectively. Accordingly, in cer-
tain embodiments, the sensor may be adjusted to overcome
an average venous pressure of 15-35 mmHg. However,
venous pressures may vary because of the location of the
vascular bed and the patient’s condition. For example, low
arterial diastolic blood pressure (about 30 mmHg) may
occur in sick patients. In such embodiments, the sensor 10A
removes most of the venous pooling with by applying
sufficient pressure to overcome light to moderate venous
pressure (about 15 mmHg).

[0038] In certain embodiments, it may be advantageous,
e.g., for reasons related to expense or design, to use a limited
amount of shape memory material. Hence, the shape
memory material may be in a form in which it is reduced in
bulk, such as the form of a strip, a mesh, a tube, a strap, or
a wire. As one example, FIG. 2 illustrates a sensor 10B
according to the present technique in which a shape memory
strap 24 connects a first portion 26 and a second portion 28.
The first portion 26 and the second portion 28 house an
emitter 30 and a detector 32, which are disposed on the
tissue-contacting sides 46 of the first portion 26 and the
second portion 28, respectively. The first portion 26 and the
second portion 28 may be constructed from any suitable
rigid or semi-rigid material, such as rubber, metal, or plastic.
In one embodiment (not shown) the first portion 26 and the
second portion 28 may have foam pads (not shown) dis-
posed on their tissue-contacting sides 46 to provide a more
comfortable contact with the patient’s skin. The sensor 10B
as described above may be advantageous for application to
the bridge of a patient’s nose or a patient’s earlobe. The
shape memory strap 24 is sufficiently flexible to fit over a
wide variety of sizes and shapes of nose bridges or earlobes,
but has sufficient spring force due to its pseudoelastic
properties to ensure a secure fit. Additionally, the shape
memory strap 24 may be thin enough to fit comfortably over
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the bridge of the nose without obscuring the patient’s vision,
particularly as the sensor 10B does not have protruding
handles.

[0039] As discussed above, an advantage conferred by the
present techniques is that a sensor 10 may be retained in a
substantially planar configuration that allows for ease of
storing and packaging. Although the package in which a
sensor is placed may confer the mechanical force to retain
the sensor in its deformed configuration, a sensor may
include a component that performs this function instead.
Turning to FIGS. 3A-B, an exemplary embodiment is
depicted in which a sensor 10C includes such a restraining
element. As shown in FIG. 3A, the restraining element 36
suitable to restrain the sensor 10C in a substantially flat
configuration may be breakable or removable. For the
former use, the restraining element 36 may be constructed
from brittle ceramic or plastic. The breakable restraining
element 36 may be adhesively or otherwise disposed in a
region of the sensor 10C that exhibits the greatest amount of
curvature when in the undeformed memory configuration.
As depicted, the breakable restraining element 36 is dis-
posed on the tissue-contacting side 38 of the sensor 10C in
the interior of the curve, although it should be appreciated
that the restraining element 36 may be disposed on the other
side instead. The breakable restraining element 36 has
sufficient strength to overcome the tendency of the sensor to
revert to the undeformed memory configuration 40, as
depicted in FIG. 3B. Nevertheless, the breakable restraining
element 36 may also be sufficiently brittle such that it may
be easily broken by hand by a healthcare worker prior to
application of the sensor 10C. FI1G. 3B shows the sensor 10C
in the undeformed memory configuration 40 after breaking
of the breakable restraining element 36. In other embodi-
ments (not shown), the breakable restraining element 36
may be scored, which may allow it to be broken more easily
by the user.

[0040] In other embodiments, it may be appropriate to
employ a restraining element that does not break during the
removal process and is, thus, reusable. FIG. 4 depicts a
sensor 10D made from a shape memory material with a
sleeve-like restraining element 42 with at least one opening
44 having a slot 45, sized to fit over a first end 46 or a second
end 48 of the sensor 10D. The slot 45 is configured such that
it fits the sensor 10D snugly near the edges of the sensor to
prevent curvature of the memory material. The opening 44
is arranged to correspond with the emitter 49 and the
detector 51, such that when the sleeve-like restraining ele-
ment slides over the first end 46 or the second end 48, the
opening allows the emitter 49 or the detector 51 to slide
through. The sensor 10D is depicted in the planar configu-
ration 50, and the memory configuration (not shown) is
substantially U-shaped. The opening 44 is configured to
allow easy removal, but is snug enough to prevent curving
of the sensor 10D to partially revert to the U-shaped memory
configuration. The sleeve-like restraining element 42 serves
10 hold the sensor 10D in the planar configuration 50 until
the sleeve-like restraining element 42 is removed. The
sleeve-like restraining element 42 may be removed by
sliding it off the first end 40 or the second end 42 of the
sensor 10D. The sleeve-like restraining element 42 may be
made from any suitable material that serves to overcome the
tendency of the sensor 10D to revert to the U-shaped
memory configuration, such as metal or plastic. After the
sensor 10D is removed from the patient, the sleeve-like
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restraining element 42 can be reapplied to the sensor 10D.
Thus, the sensor 10D can be returned to the planar configu-
ration 50 for storage.

[0041] In other embodiments, it may be less costly to
manufacture a sensor with a disposable adhesive restraining
element. As one example, a sensor 10E with a peelable
adhesive layer 52 that keeps the sensor in the substantially
planar configuration 54 is illustrated in FIG. 5. The peelable
adhesive layer 52 may be paper, plastic, polyester, woven
fabric, or any other suitable material that serves to overcome
the tendency of the sensor 10E to revert to its U-shaped
memory configuration (not shown). The peelable adhesive
layer 52 is coated with an adhesive on the sensor contacting
side 56 and is disposed on the surface of the sensor 10E that
does not contact the tissue during normal use. The peelable
adhesive layer 52 may be removed by a healthcare worker
prior to application of the sensor 10E to a patient.

[0042] Inoneembodiment (not shown), an adhesive mate-
rial may be applied to the tissue-contacting side of the sensor
10E to facilitate securing the sensor to the patient. The use
of an adhesive material improves the contact of the sensor to
the patient and limits its susceptibility to motion artifacts.
Because the sensor 10E is stored in a substantially planar
configuration 54, the adhesive regions of the sensor 10E may
be less likely to come into contact with one another than if
the sensor 10E were in the U-shaped memory configuration.

[0043] The present techniques provide sensors that may be
more efficiently packaged and shipped due to their generally
planar configuration. Accordingly, FIG. 6 illustrates an
exemplary packaging system 58 for storing and transporting
a pulse oximetry sensor (generically identified here as a
sensor 10) that includes at least one pulse oximetry sensor
10, a protective package 60, and restraining elements 62.
The restraining elements 62 hold the respective sensors 10
in the planar configuration. The restraining element 62 may
be attached to the sensor 10 as described above. For
example, the restraining element may be any of the restrain-
ing elements described herein (e.g. breakable restraining
element 36, sleeve-like restraining element 42, peelable
adhesive layer 52). Alternatively, the restraining element
may be incorporated into the packaging system 58. For
example, the packaging system may include slots (not
shown) that the sensors 10 may slide into and that restrain
the sensors 10 in the planar configuration. When the sensors
10 are removed, they will revert to a U-shaped configura-
tion. As shown, the packaging system 58 may include
multiple stacked sensors 10 in the interior 64 of the protec-
tive package 60. Thin protective sheets 66 may separate the
stacked sensors 10. The thin protective sheets 66 may be a
relatively rigid material, such as plastic, that may provide
the straightening force to the sensors 10. The planar con-
figuration of the sensors 10 allows more convenient stacking
as compared to a typical U-shaped clip-style sensor. The
stacked sensors 10 in the planar configuration also occupy
less space, and thus a larger number of sensors may be
packaged in a packaging system relative to U-shaped sen-
sors. Additionally, since the sensors 10 have no moving
parts, the amount of protective packaging used for shipping
may be minimal.

[0044] Tt should be understood that the sensors discussed
above may be used in conjunction with a pulse oximetry
monitor 68, as illustrated in FIG. 7. It should be appreciated
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that the cable 70 of the sensor 10 may be coupled to the
monitor 68 or it may be coupled to a transmission device
(not shown) to facilitate wireless transmission between the
sensor 10 and the monitor 68. The monitor 68 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 68 to provide
additional functions, the monitor 68 may be coupled to a
multi-parameter patient monitor 72 via a cable 74 connected
1o a sensor input port or via a cable 76 connected to a digital
communication port.

[0045] Tt should also be understood that the sensors
described herein include an emitter and a detector that may
be of any suitable type. For example, the emitter may be one
or more light emitting diodes adapted to transmit one or
more wavelengths of light in the red to infrared range, and
the detector may be a photodetector selected to receive light
in the range or ranges emitted from the emitter. The emitter
and the detector may be disposed on the sensor body, which
may incorporate a shape memory material and that may be
combined with any other suitable material, such as plastic,
rubber, silicone, foam, woven material, or paper. Alterna-
tively, the emitter and the detector may be remotely located
and optically coupled to the sensor 10 using optical fibers.
Although not shown in the embodiments discussed above,
the sensors are typically coupled to a cable 70 that is
responsible for transmitting electrical and/or optical signals
to and from the emitter and detector of the sensor 10. The
cable 70 may be permanently coupled to the sensor 10, or it
may be removably coupled to the sensor 10—the latter
alternative being more useful and cost eflicient in situations
where the sensor 10 is disposable.

[0046] The sensor 10 may be a “transmission type” sensor.
Transmission type sensors include an emitter and detector
that are typically placed on opposing sides of the sensor site.
If the sensor site is a fingertip, for example, the sensor 10 is
positioned over the patient’s fingertip such that the emitter
and detector lie on either side of the patient’s nail bed. In
other words, the sensor 10 is positioned so that the emitter
is located on the patient’s fingernail and the detector is
located 180° opposite the emitter on the patient’s finger pad.
During operation, the emitter shines one or more wave-
lengths of light through the patient’s fingertip and the light
received by the detector is processed to determine various
physiological characteristics of the patient. In each of the
embodiments discussed herein, it should be understood that
the locations of the emitter and the detector may be
exchanged. For example, the detector may be located at the
top of the finger and the emitter may be located underneath
the finger. In either arrangement, the sensor 10 will perform
in substantially the same manner.

[0047] Although the embodiments described herein gen-
erally referred to transmission type sensors, it should be
understood that the sensor 10 may be a reflectance type
sensor. Reflectance type sensors generally operate under the
same general principles as transmittance type sensors. How-
ever, reflectance type sensors include an emitter and detector
that are typically placed on the same side of the sensor site.
For example, a reflectance type sensor may be placed on a
patient’s fingertip, nose bridge, or earlobe such that the
emitter and detector lie side-by-side. Reflectance type sen-
sors detect light photons that are scattered back to the
detector.

Nov. 8, 2007

[0048] 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 a
tissue water fraction (or other body fluid related metric) or
a concentration of one or more biochemical components in
an aqueous environment may be measured using two or
more wavelengths of light, most commonly near infrared
wavelengths between about 1,000 nm to about 2,500 nm. It
should be understood that, as used herein, the term “light”
may refer to one or more of infrared, visible, ultraviolet, or
even X-ray electromagnetic radiation, and may also include
any wavelength within the infrared, visible, ultraviolet, or
X-ray spectra.

[0049] 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
understood that the invention is not intended to be limited to
the particular forms disclosed. Indeed, the present tech-
niques may not only be applied to measurements of blood
oxygen saturation, but these techniques may also be utilized
for the measurement and/or analysis of other blood constitu-
ents using principles of pulse oximetry. Rather, the invention
is 1o cover all modifications, equivalents, and alternatives
falling within the spirit and scope of the invention as defined
by the following appended claims.

What is claimed is:
1. A sensor adapted to be applied to a patient’s tissue
comprising;

a sensor body comprising a material with shape memory,
wherein the sensor body is adapted to assume a sub-
stantially curved configuration in the absence of a
deforming force; and

at least one sensing element disposed on the sensor body.

2. The sensor, as set forth in ¢laim 1, wherein the sensor
comprises at least one of a pulse oximetry sensor or a sensor
for measuring a water fraction, or a combination thereof.

3. The sensor, as set forth in claim 1, wherein the at least
one sensing element comprises an emitter and a detector.

4. The sensor, as set forth in claim 3, wherein the emitter
comprises at least one light emitting diode and wherein the
detector comprises at least one photodetector.

5. The sensor, as set forth in claim 1, comprising a
restraining element adapted to hold the sensor body in a
substantially planar configuration.

6. The sensor, as set forth in claim 5, wherein the
restraining element comprises a breakable component.

7. The sensor, as set forth in claim 5, wherein the
restraining element comprises a peelable adhesive layer
disposed on the sensor body.

8. The sensor, as set forth in claim 5, wherein the
restraining element comprises a hollow sleeve adapted to
slide over at least one end of the sensor.

9. The sensor, as set forth in claim 1, wherein the material
with shape memory is configured to form a flat spring.

10. The sensor, as set forth in claim 1, wherein the
material with shape memory is configured to form a strap.

11. The sensor, as set forth in claim 1, comprising an
adhesive material disposed on a tissue-contacting surface of
the sensor.



US 2007/0260130 Al

12. The sensor, as set forth in claim 1, wherein the sensor
is adapted to be used on a finger, toe, ear, or nose.

13. The sensor, as set forth in claim 1, wherein the sensor
is adapted to apply a spring force to a patient’s tissue
adapted to overcome a blood pressure of about 35 mm Hg
or less.

14. The sensor, as set forth in claim 1, wherein the sensor
is adapted to apply a spring force to a patient’s tissue
adapted to overcome a blood pressure of about 15 mm Hg
or less.

15. A pulse oximetry system comprising:

a pulse oximetry monitor; and

a pulse oximetry sensor adapted to be operatively coupled
to the monitor, the sensor comprising:

a sensor body comprising a material with shape
memory, wherein the sensor body is adapted to
assume a substantially curved configuration in the
absence of a deforming force; and

at least one sensing element disposed on the sensor
body.

16. The pulse oximetry system, as set forth in claim 15,
wherein the sensor comprises a sensor for measuring a water
fraction.

17. The pulse oximetry system, as set forth in claim 15,
wherein the at least one sensing element comprises an
emitter and a detector.

18. The pulse oximetry system, as set forth in claim 17,
wherein the emitter comprises at lest one light emitting
diode and wherein the detector comprises at least one
photodetector.

19. The pulse oximetry system, as set forth in claim 15,
comprising a restraining element adapted to hold the sensor
body in a substantially planar configuration.

20. The pulse oximetry system, as set forth in claim 19,
wherein the restraining element comprises a breakable com-
ponent.

21. The pulse oximetry system, as set forth in claim 19,
wherein the restraining element comprises a peelable adhe-
sive layer disposed on the sensor body.

22. The pulse oximetry system, as set forth in claim 19,
wherein the restraining element comprises a hollow sleeve
adapted to slide over at least one end of the sensor.

23. The pulse oximetry system, as set forth in claim 15,
wherein the material with shape memory is configured to
form a flat spring.

24. The pulse oximetry system, as set forth in claim 15,
wherein the material with shape memory is configured to
form a strap.

25. The pulse oximetry system, as set forth in claim 15,
comprising an adhesive material disposed on a tissue-con-
tacting surface of the sensor.

26. The pulse oximetry system, as set forth in claim 15,
wherein the sensor is adapted to be used on a finger, toe, ear,
or nose.

27. The pulse oximetry system, as set forth in claim 15,
wherein the sensor is adapted to apply a spring force to a
patient’s tissue adapted to overcome a blood pressure of
about 35 mm Hg or less.

28. The pulse oximetry system, as set forth in claim 15,
wherein the sensor is adapted to apply a spring force to a
patient’s tissue adapted to overcome a blood pressure of
about 15 mm Hg or less.
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29. A sensor packaging system comiprising:

a protective package having an interior to hold at least one
sensor in the substantially planar position in the interior
of the protective package; and

at least one sensor, the sensor comprising:
at least one sensing element; and

a material having shape memory, wherein the sensor is
adapted to be curved in the absence of a deforming
force, and wherein the sensor is restrained in a
substantially planar position.

30. The packaging system, as set forth in claim 29,
wherein the sensor comprises at least one of a pulse oxim-
etry sensor or a sensor for measuring a water fraction.

31. The packaging system, as set forth in claim 29,
wherein the sensing element comprises an emitter and a
detector.

32. The packaging system, as set forth in claim 31,
wherein the emitter comprises a light-emitting diode and the
detector comprises at least one photodetector.

33. The packaging system, as set forth in claim 29,
wherein the sensor is restrained with a breakable component
disposed on the sensor body.

34. The packaging system, as set forth in claim 29,
wherein the sensor is restrained with a peelable adhesive
layer disposed on the sensor body.

35. The packaging system, as set forth in claim 29,
wherein the sensor is restrained with a hollow sleeve
adapted to slide over at least one end of the sensor.

36. The packaging system, as set forth in claim 29,
wherein the sensor is restrained by a restraining element
disposed on the protective package.

37. The packaging system, as set forth in claim 29,
wherein the material with shape memory is configured to
form a flat spring.

38. The packaging system, as set forth in claim 29,
wherein the material with shape memory is configured to
form a strap.

39. The packaging system, as set forth in claim 29,
wherein the sensor comprises an adhesive material disposed
on a tissue-contacting surface of the sensor.

40. A method for packaging a sensor comprising:

providing a substantially curved sensor body comprising
a material with shape memory;

deforming the sensor body into a substantially flat posi-
tion;

restraining the sensor body in the substantially flat posi-
tion; and

packaging the sensor in a packaging container.

41. The method, as set forth in claim 40, wherein restrain-
ing the sensor comprises using a restraining element dis-
posed on the sensor body.

42. The method, as set forth in claim 41, wherein the
restraining element comprises a peelable adhesive layer, a
hollow sleeve, or a breakable componentt.

43. The method, as set forth in claim 40, wherein restrain-
ing the sensor comprises using a restraining element dis-
posed on packaging container.

44. The method, as set forth in claim 40, wherein the
sensor comprises an adhesive material disposed on a tissue-
contacting surface of the sensor.
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45. A method of manufacturing a sensor, comprising:

providing a sensor body comprising a material with shape
memory, wherein the sensor body is adapted to assume
a substantially curved configuration in the absence of a
deforming force; and

providing at least one sensing element disposed on the
sensor body.

46. The method, as set forth in claim 45, wherein the
material with shape memory is configured to form a flat
spring.

47. The method, as set forth in claim 45, wherein the
material with shape memory is configured to form a strap.

48. The method, as set forth in claim 45, wherein the
sensing element comprises an emitter and a detector.
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49. The method, as set forth in claim 45, comprising:

providing a restraining element adapted to hold the sensor

body in a substantially planar configuration.

50. The method, as set forth in claim 49, wherein the
restraining element comprises a breakable component dis-
posed on the sensor body.

51. The method, as set forth in claim 49, wherein the
restraining element comprises a peelable adhesive layer
disposed on the sensor body.

52. The method, as set forth in claim 49, wherein the
restraining element comprises a hollow sleeve adapted to
slide over at least one end of the sensor.

53. The method, as set forth in claim 45, comprising:

providing an adhesive material disposed on a tissue-
contacting surface of sensor body.
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