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MEDICAL SENSOR AND TECHNIQUE FOR USING THE SAME

Technical Field

[0001]  The present disclosure relates generally to medical devices and, more particularly,

to sensors used for sensing physiclogical parameters of a patient.

Background
[0002]  This scction is intended to introduce the reader to various aspects of art that may

be related to various aspects of disclosed embodiments, 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
disclosure. Accordingly, it should be understood that these statements are to be read in this

light, and not as admissions of prior art.

[0003]  Inthe 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 physiological characteristics. Such devices provide doctors and other
healthcare personnel with the information they need to provide the best possible healthcare
for their patients. As aresult, such monitoring devices have become an indispensable part of

modern medicine,

[0004] One such monitoring technique 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

cach heartbeat of a patient.

[0005]  Pulse oximeters typically utilize a non-invasive sensor that is placed on, adjacent,
and/or against a patient’s tissue that is well perfused with blood, such as a patient’s finger,

toe, forehead or earlobe, and/or other location, The pulse oximeter sensor may emit light, and
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photoelectrically sense the absorption and/or scattering of the light afier passage through the
perfused tissue. The data collected by the sensor may then be used to calculate one or more

of the above physiological characteristics based upon the absorption or scattering of the light.

[0006] Tnterferences in the light path may distort the emitted and sensed light utilized in
calculating the physiological characteristics. In particular, pulse oximetry may be sensitive to
movement, such as moving the sensor in relation to the tissue, increasing or decreasing the
physical distance between the emitter and detector in the sensor, changing the orientation of
the emitter or detector with respect to the tissue or cach other, changing the angles of
incidence and interfaces probed by the light, directing the optical path through different
amounts or types of tissue, and expanding, compressing, or otherwise altering the tissue near

the sensor.

SUMMARY
[0007] Certain aspects commensurate in scope with this disclosure are set forth below. It
should be understood that these aspects are presented merely to provide the reader with a
brief summaty of certain forms 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.

[0008]  According to an embodiment, there may be provided a sensor, including an emitter
and a detector at a substantially fixed optical distance relative to one another, and an

expandable molded body for securing secure the emitter and the detector to a digit.

[0009]  According to an embodiment, there may also be provided a sensor body, including
a semi-rigid molded structure having a generally tubular interior and a lengthwise opening to

enable expansion of the generally tubular interior to accommodate a digit.

[0010]  According to an embodiment, there may be still finther provided a sensor body,
including a flexible semi-rigid structure configured to be affixed to sensing components and

to secure the sensing components to a digit.
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[0011]  According to an embodiment, there may be yet further provided a method of
manufacturing a sensor, including overmolding a flexible semi-rigid sensor body around an

emitter and a detector.

[0012] Finally, according to an embodiment, there may be provided a method of
manufacturing a sensor, including enclosing an emitter and a detector in a substantially rigid
casing, molding a flexible sensor body, and coupling the substantially rigid casing to the

flexible sensor body.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]  Advantages of this disclosure may become apparent upon reading the following

detailed description and upon reference to the drawings in which:

[0014] FIG. 1 is a perspective view of an exemplary patient monitoring system, in

accordance with aspects of an embodiment;

[6015] FIG. 2 is a perspective view of an exemplary sensor for use with the patient

monitoring system of FIG. 1, in accordance with aspects of an embodiment;

[0016]  FIG. 3 is a perspective view of the exemplary sensor of FIG. 2 applied to a

patient’s digit, in accordance with aspects of an embodiment;

[0017] FIG. 4 is an exploded view of the exemplary sensor of FIG. 2, in accordance with

aspects of an embodiment;

[0018]  FIG. 5 is a perspective view of another exemplary sensor for use with the patient

monitoring system of FIG. 1, in accordance with aspects of an embodiment;

[0019]  FIG. 6 is a perspective view of a further exemplary sensor for use with the patient

monitoring system of FIG. 1, in accordance with aspects of an embodiment; and
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[0020]  FIG. 7 is a perspective view of another exemplary sensor for use with the patient

monitoring system of FIG. 1, in accordance with aspects of an embodiment.

DETAILED DESCRIPTION

[0021]  One or more specific embodiments wil 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. Tt 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 constraints,
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,

{0022]  Inaccordance with the present disclosure, sensors for pulse oximetry or other
applications utilizing spectrophotometry may be provided that reduce signal attifacts by
reducing the occurrence of tissue deformation, such as compression or discoloration,
associated with the movement of a patient’s tissue relative to the sensor or the movement of
the sensor elements relative to one another. For example, sensors are provided herein that

include a flexible elastomeric body that may accommodate patient movement.

[0023]  Prior to discussing such exemplary sensors in detail, it should be appreciated that
such sensors may be designed for use with a typical patient monitoring system 10. For
example, referring now to FIG. 1, a sensor 12 according to an embodiment may be used in
conjunction with a monitor 14. Tn the depicted embodiment, a cable 16 connects the sensor
12 to the monitor 14. 1t should be appreciated that the sensor 12 and/or the cable 16 may
include or incorporate one or more integrated circuit devices or electrical devices, such as a
memory, processor chip, or resistor, that may facilitate or enhance communication between
the sensor 12 and the monitor 14, Likewise the cable 16 may be an adaptor cable, with or
without an integrated circuit or electrical device, for facilitating communication between the

sensot 12 and various types of monitors, including older or newer versions of the monitor 14
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or other physiological monitors. In other embodiments, the sensor 12 and the monitor 14 may
communicate via wircless means, such as using radio, infrared, or optical signals. In such
embodiments, a transmission device (not shown) may be connected to the sensor 12 to
facilitate wireless transmission between the sensor 12 and the monitor 14. It should be
appteciated that the cable 16 (or corresponding wireless transmissions) may be used to
transmit control or timing signals from the monitor 14 to the sensor 12 and/or to transmit
acquired data from the sensor 12 to the monitor 14. In another embodiment, the cable 16 may
be an optical fiber that enables optical signals to be conducted between the monitor 14 and

the sensor 12.

[0024]  The monitor 14 may be a pulse oximeter, such as those available from Nellcor
Puritan Bennett LLC, and/or Covidien, or may be a monitor for measuring other body related
metrics using spectrophotometric and/or other techniques. Additionally, the monitor 14 may
be a multi-purpose monitor suitable for performing pulse oximetry and measurement of tissue
water fraction, or other combinations of physiological and/or biochemical monitoring
processes, using data acquired via the sensor 12. Measured physiological parameters may be
displayed on a display 18. Furthermore, the monitor 14 may be coupled to a multi-parameter
monitor 20 via a cable 22 connected to a sensor input port and/or via a cable 24 connected to

a digital communication port and/or other methods or configurations.

[6025] In an embodiment, the sensor 12 includes an emitter 26 and a detector 28 which
may be of any suitable type. For example, the emitter 26 may be one or more light emitting
diodes adapted fo transmit one or more wavelengths of light, such as in the red to infrared
range, and the detector 28 may be a photodetector, such as a silicon photodiode package,
selected to receive light in the range emitted from the emitter 26. The sensor 12 may transmit
electrical and/or optical signals to and from the monitor 14 via the cable 16. The cable 16
may be permanently or removably coupled to the sensor 12, the latter alternative may be more

useful and cost efficient in situations where the sensor 12 is disposable.

[0026]  Pulse oximetry and other spectrophotometric sensors may be typically placed on a
patient in a location conducive to measurement of the desired physiological parameters. For
example, pulse oximetry sensors may be typically placed on a patient in a location that is

normally perfused with arterial blood to facilitate measurement of the desired blood
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characteristics, such as blood oxygen saturation (Sp02). Common pulse oximetry sensor sites
may include, but is not limited to, a patient’s fingertips, toes, forehead, or earlobes.
Regardless of the placement of the sensor 12, the reliability of the pulse oximetry
measurement may be related to the accurate detection of transmitted light that has passed
through the perfused tissue and has not been inappropriately supplemented by outside light
sources or modulated by subdermal anatomic structures. Such inappropriate supplementation
and/or modulation of the light transmitted by the sensor may cause variability in the resulting

pulse oximetry measurements.

[0027] The sensor 12 described above may be generally configured for use as a
“reflectance type” sensor for use in spectrophotometric applications. Reflectance type sensors
include an emitter and detector that are typically placed on the same side of the sensor site. If
the sensor site is a fingertip, for example, the sensor 12 may be placed on a patient’s fingertip
such that the emitter and detector are positioned on the same side of the finger. Reflectance
type sensors detect light photons that are scattered back to the detector. During operation, the
emitter emits one or more wavelengths of light into the patient’s fingertip, or other tissue, and
the light received by the detector is processed to determine various physiological

characteristics of the patient.

[0028] Referting now to FIG. 2, an exemplary embodiment of the sensor 12 may include
a sensing component assembly 66 and a sensor body 68. The sensing component assembly
66 may include a rigid or semi-rigid casing configured to hold the emitter 26 and the detector
28 at a substantially fixed optical distance in relation to one another when the sensor 12 is
applied to a patient. The emitter 26 and the detector 28 may be connected to the cable 14 by
one or more wires 70. The wires 70 may be coupled to the cable 16 to enable transmission of

data to and from the monitor 12 (FIG, 1),

[0029] In one embodiment, the sensor body 68 is a flexible, semi-rigid material capable
of ¢lastic deformation, or expansion. The sensor body 68 has a generally tubular shape which
may be capable of conforming to a patient’s digit 72, as illustrated in FIG. 3. One or more
wings 74, may be separated by a lengthwise opening 75, and may be capable of securing the
sensor 12 to the patient’s digit 72. The wings 74 may be configured to expand laterally,

indicated by arrows 76, to accommodate larger digits, swelling or edema, while remaining
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sufficiently positioned around the patient’s digit 72 to ensure the sensing component
assembly 66 remains generally flush with the patient’s digit 72. In order to ensure that the
wings 74 fit securely but comfortably around the patient’s digit 72, multiple sizes of the
sensor 12 may be manufactured. Additionally, to improve patient comfort, the cable 16 may
have a relatively flat profile, such as a ribbon cable, and be disposed under the patient’s digit

72.

[0030]  The sensor body 68 may be composed of any suitable material such that the wings
74 are flexible enough to expand, yet rigid enough to secure the sensor 12 to the patient’s
digit 72. Additionally, the material used in the sensor body 68 may be considered semi-rigid
in that, unlike a bandage sensor, the sensor body 68 may generally maintain its digit-
conforming shape even when not secured to the patient’s digit 72, In an embodiment, the
sensor body 68 may be composed of an elastomer with a durometer of about 15-30 Shore A.
In an embodiment, the sensor body 68 may be composed of a material that may be flexible
and easily cleanable, such as polyurethane, santoprene, silicone thermoset, or any other
medical grade elastomer, which may allow the sensor 12 to be reused. Alternatively, the
sensor 12 and/or the sensor body 68 may be configured to be disposable, and the sensor body
68 may be composed of a closed cell foam elastomer or other suitable material. In addition,
the sensor body 68 may be composed of a tacky material or coated with an adhesive layer,
either partially or fully, to aid in securing the sensor 12 to the patient’s digit 72. Furthermore,
one or more adhesive layers may be included, such that when one adhesive layer is reduced in
its bonding abilities, it may be removed to expose another adhesive layer with relatively

greater bonding characteristics.

[0031]  Environmental light may contribute to errors in physiological measurements.
Therefore, it may be desirable to prevent light from the environment from reaching the
detector. This environmental light may enter the sensor through gaps between the sensor
body and the patient’s tissue. For example, in many clip-style sensors the clip may open
partially and allow invasion of environmental light when the patient’s finger is bent. The
sensor body 68 may be configured to minimize interference of light from outside the sensor
12. The wings 74 may be configured to prevent light from entering the sides of the sensor 12,
and a lip 78 may be configured to prevent light from entering the end of the sensor 12, The

sensor body 68 may also be configured such that the sensor 12 covers only the end of the
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patient’s digit 72. For example, the sensor 12 may extend from the tip of the patient’s digit
72 to an area short of a first digit joint 80. In this embodiment, the sensing component
assembly 66 may remain securely in place and generally flush with the tissue of the patient’s
digit 72 even when the digit joint 80 is bent. In addition, the sensor body 68 may be

configured to enable a fingernail 82 to protrude from the sensor 12 over the lip 78.

[6032]  Turning now to FIG. 4, an exploded view of the sensor 12 is shown. The sensing
component assembly 66 may include a casing 84 with a top 86, a bottom 88, and a lateral
raised ridge 90. The sensing components, including the emitter 26, the detector 28, and any
electrical components to enable their operation, may be enclosed in the casing 84. The casing
84 may be composed of any suitable rigid or semi-rigid material, such as a plastic or metal.
By installing the emitter 26 and the detector 28 in a substantially rigid casing 84, they may be
held at a substantially fixed optical position with respect to one another, thus limiting the

modulations of detected light that may occur and the resulting measurement errors.

[0033] The casing 84 may be formed by any suitable means. In an embodiment, the top
86 and the bottom 88 may be formed separately by injection molding then coupled fogether to
form the casing 84 around the sensing components. The top 86 and the bottom 88 may be
configured such that they snap together to form the casing 84, or alternatively they may be
coupled together using some form of adhesive. In another embodiment, the sensing
components may be positioned within a die or mold and overmolded to form the casing 84.

In addition, the casing 84 may be sufficiently water-tight that the sensor 12 and/or the sensing
component assembly 66 may be washed and reused. The lateral raised ridge 90 may be
configured to aid in proper positioning of the sensing component assembly 66 on the patient’s
digit 72 and to prevent the detector 28 from detecting scattered light from the emitter 26 that

has not entered the patient’s tissue.

[0034] The sensing component assembly 66 and the sensor body 68 may be coupled
together by any suitable method. For example, according to one embodiment, the sensing
component assembly 66 and the sensor body 68 may be manufactured separately, then
coupled together. For example, the sensor body 68 may be formed by injection molding then
attached to the sensing component assembly 66 adhesively, such as via an adhesive layer, or

mechanically, such as via slots and tabs. In an embodiment, the sensing component assembly
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66 and the sensor body 68 may be coupled together by the user. This method and
configuration may be advantageous where the sensing component assembly 66 is capable of

being reused and the sensor body 68 is configured to be disposable.

[0035] Tn another embodiment, the sensing component assembly 66 may be positioned
within a die or mold, and overmolded to attach the sensor body 68. In this embodiment, to
prevent separation of the sensor body 68 from the sensing component assembly 606, the
material used to form the sensor body 68 may be selected such that the sensor body 68 bonds
with the sensing component assembly 66 during the overmolding process. Techniques for
protecting the sensing components from excessive temperatures may be employed. For
example, in an embodiment, the emitter 26 and/or the detector 28 may include respective
translucent windows, such as a plastic or crystal window, adjacent the mold to prevent
coating from being applied over the window. In an embodiment, the material adjacent such
windows may be composed of a material, such as beryllium copper, which prevents the heat
of the injection molding process from being conveyed through the windows to the sensing
components, For example, in an embodiment, a beryllium copper material initially at about
40°F may be adjacent the windows associated with the emitter 26 and/or the detector 28 to

prevent coating of the windows and heat transfer to the respective sensing components.

[0036] Another embodiment of a sensor 92 for use with the patient monitoring system 10
of FIG. 1 is illustrated in FIG. 5. In this embodiment, the sensor 92 may include a sensor
body 94 that may be formed integrally with the sensing components, including the emitter 26,
the detector 28, and any electrical components to enable their operation. For example, in an
embodiment, the sensing components may be positioned within a die or mold and
overmolded with the material used to form the sensor body 94, thereby forming the entire
sensor 92 of a flexible material. The sensor body 94 may be composed of any suitable
material, as described above in reference to FIGS. 2-4. The sensor 92 may therefore be
generally a unitary, expandable, semi-rigid molded device with no crevices in which

unwanted particles may accumulate.

[0037] FIG. 6 illustrates another embodiment of a sensor 96 for use with the patient
monitoring system 10 of FIG. 1. Tn an embodiment, the sensor body 98 may be generally

tubular and have a lengthwise opening 99. A top flap 100 of the sensor body 98 may be
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configured to expand vertically, as indicated by an arrow 102, to accommodate larger digits,
swelling or edema. The sensor body 98 may be composed of any suitable material, as
described above in reference to FIGS. 2-4. In addition, the sensor body 98 may include an
opening 104 to enable protrusion of the fingernail 82 from the patient’s digit 72 (FIG. 3). As
with the sensors 12 and 92 illustrated in FIGS. 2-5, embodiments of the sensor 96 may
include a generally rigid or semi-rigid sensing component assembly and a separate sensor

body, or the sensing components may be integrated directly info the sensor body.

[0038]  Further sensor improvements may also be incorporated into embodiments. For
example, FIG, 7 illustrates another embodiment of a sensor 110 for use with the patient
monitoring system 10 of FIG. 1. In this embodiment, the sensor 110 includes a stack of
adhesive layers 112 disposed on an interior surface 114, As discussed above, incorporation of
an adhesive on the interior surface 114 of the sensor 110 may further secure the sensor 110 to
the patient’s digit 72 (FIG. 3), However, some adhesives may lose their adhesion after
repeated removal from and reapplication to a surface. Accordingly, the stack of adhesive
layers 112 may allow the caregiver to remove the sensor 110, such as to check on the sensor
site or move the patient, then reapply the sensor 110 with a fresh adhesive layer 112, That is,
the top adhesive layer 112 may be removed to expose a fresh adhesive layer 112, Various
embodiments of the adhesive layers 112 may be found in U.S. Patent No. 6,748,254, entitled
“Stacked Adhesive Optical Sensor,” and issued on June 8, 2004, which is herein incorporated

by reference in its entirety for all purposes.

[0039]  While the subject of this disclosure 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 this
disclosure is not intended to be limited to the particular forms disclosed. Rather, the
invention is to cover all modifications, equivalents, and alternatives falling within the spirit
and scope of the invention as defined by the following appended claims, Indeed, the present
technigues may not only be applied to reflectance type sensors for use in pulse oximetry, but
also to retroflective and other sensor designs as well, Likewise, the present techniques are not
limited to use on fingers and toes but may also be applied to placement on other body parts

such as in embodiments configured for use on the cars or nose, or other locations.
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CLAIMS

What is claimed is:

L. A sensor, comprising;
an emiiter and a detector, wherein the emitter and the detector are at a substantially fixed

optical distance relative to one another; and

a generally expandable molded body configured to secure the emitter and the detector to

a digit.

2. The sensor of claim 1, wherein the sensor is configured to secure the emitter and

the detector to an end of the digit such that the sensor does not extend to a first joint of the digit.

3. The sensor of claim 1, wherein the expandable molded body is overmolded onto

the emitter and the detector.

4, The sensor of claim 1, comprising a substantially rigid casing configured to

house the emitter and the detector.

5. The sensor of claim 4, wherein the expandable molded body is an overmolded

component capable of being affixed to the substantially rigid casing.

6. The sensor of claim 4, wherein the expandable molded body is a pre-molded

component capable of being affixed to the substantially rigid casing.

7. The sensor of claim 6, wherein the pre-molded component is capable of being

removably affixed to the substantially rigid casing.

8. The sensor of claim 1, wherein the expandable molded body comprises an

elastomer with a durometer of about 15 to about 30 Shore A.

9. The sensor of claim 1, wherein the expandable molded body comprises a
polyurethane, santoprene, silicone thermoset, medical grade elastomer, closed cell foam

elastomer, and/or combinations thereof,
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10.  The sensor of claim 1, comprising one or more adhesive layers adjacent an

interior surface of the sensor, and configured to adhere the sensor to the digit,

11.  The sensor of claim 1, wherein the sensor comprises a pulse oximetry sensor or a

sensor for measuring a water fraction.

12.  The sensor of claim 1, comprising a ribbon cable coupled to the emitter and the

detector and capable of transmitting signals between the sensor and a monitor.

13. A sensor body, comprising a generally semi-rigid molded structure comprising a
generally tubular interior and a generally lengthwise opening configured to enable expansion of

the generally tubular interior to accommodate a digit.

14, The sensor body of claim 13, comprising a first opening at a first end of the

semi-rigid molded structure configured to receive the digit.

15.  The sensor body of claim 13, comprising a second opening at a second end of

the semi-rigid molded structure configured to enable protrusion by at least a portion of the digit.

16.  The sensor body of claim 13, comprising an elastomer with a durometer of about

15 to about 30 Shore A.

17.  The sensor body of claim [3, comprising a polyurethane, santoprene, silicone

thermoset, medical grade elastomer, closed cell foam elastomer, and/or combinations thereof.

18. A sensor body, comprising a generally flexible semi-rigid structure capable of

being affixed to sensing components, and to secure the sensing components to a digit.

19.  The sensor body of claim 18, wherein the generally flexible semi-rigid structure
comprises a plurality of wings configured to enable expansion of the sensor body to

accommodate the digit.

20,  The sensor body of claim 18, wherein the generally flexible semi-rigid structure

comprises a flap configured to enable expansion of the sensor body to accommodate the digit.
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21.  The sensor body of claim 18, wherein the generally flexible semi-rigid structure

comprises an opening configured to enable a nail of the digit to protrude therethrough.

22.  The sensor body of claim 18, comprising an elastomer with a durometer of

abouil 5 to about 30 Shore A,

23.  The sensor body of claim 18, comprising a polyurethane, santoprene, silicone

thermoset, medical grade elastomer, closed cell foam elastomer, and/or combinations thereof.

24. A method of manufacturing a sensor, comprising overmolding a generally

flexible semi-rigid sensor body around an emitter and a detector.

25. A method of manufacturing a sensor, comprising:
enclosing an emitter and a detector in a substantially rigid casing;
molding a flexible sensor body; and

coupling the substantially rigid casing adjacent the flexible sensor body.
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